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It is our pleasure to present this volume as part of the book series of the Proceedings of the
XII International IAEG Congress, Torino 2014.

For the 50th Anniversary, the Congress collected contributions relevant to all themes
where the IAEG members have been involved, both in the research field and in professional
activities.

Each volume is related to a specific topic, including:

. Climate Change and Engineering Geology;

. Landslide Processes;

River Basins, Reservoir Sedimentation, and Water Resources;

Marine and Coastal Processes;

Urban Geology, Sustainable Planning, and Landscape Exploitation;

. Applied Geology for Major Engineering Projects;

. Education, Professional Ethics, and Public Recognition of Engineering Geology;
. Preservation of Cultural Heritage.

I R N N T N

The book series aims at constituting a milestone for our association, and a bridge for the
development and challenges of Engineering Geology toward the future.

This ambition stimulated numerous conveners, who committed themselves to collect a
large number of contributions from all parts of the world, and to select the best papers
through two review stages. To highlight the work done by the conveners, the table of contents
of the volumes maintains the structure of the sessions of the Congress.

The lectures delivered by prominent scientists, as well as the contributions of authors,
have explored several questions ranging from scientific to economic aspects, from profes-
sional applications to ethical issues, which all have a possible impact on society and territory.
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Foreword

This volume testifies the evolution of engineering geology during the last 50 years and
summarizes the recent results. We hope that you will be able to find stimulating contributions
which will support your research or professional activities.

_// J/,ﬂ.
L///?/

Giorgio Lollino Carlos Delgado




In the age of human activities, Engineering Geology plays a key role in the sustainable
development of our societies: scientists, regulators, and practitioners of Engineering Geology
are called to confront themselves with the purposes, methods, limitations, and findings of
their works.

In this perspective, topic seven of the XII Congress of IAEG in Torino on 2014 was an
opportunity to illustrate a wide-angle vision on several inter-related issues: the role of
Engineering Geologists within the geoengineering profession; the best practice in profes-
sional ethics and communication in a changing world; the education and modern develop-
ment of Engineering Geology profession and its professionals; resource use and reuse in
managing risk prevention and impaction a complex framework; engineering our geological
responsibility in an uncertain environment; Engineering Geology at tertiary level.

Five part topics were activated, presenting a total of 54 chapters, contributing to:

e stimulating the debate on professional responsibilities of engineering geologists,

e analyzing the interactions of engineering geologists with other professionals,

e evaluating the recognition of the engineering geological profession and its peculiar con-
tribution to society, culture, and economy, and

e reporting examples of the empowerment of research groups and management activities by
using web 2.0/3.0 technologies, thus enabling cooperation, knowledge sharing, and col-
laboration at all levels.

They highlighted implications for the use of the education of engineering geologists at
tertiary level and in further education schemes. They also highlighted the importance of
having the professionals organized into national groups which stimulate advances in Engi-
neering Geology in their countries.

“Engineering Geological Models” (Part I) discussed the use of engineering geological
models within the framework of the total geological approach (Fookes et al. 2000; Baynes
et al. 2005; IAEG Commission 25). Such models allow the understanding and prediction of
engineering geological conditions and processes, aiming at reducing uncertainties and their
impact on our societies. The authors presented examples on innovative use of engineering
geological models for different engineering projects, and for different geological and geo-
morphological environments, envisaging new perspectives and operational outcomes.

“Fifty-Year-Long History of IAEG in Events and Personalities” (Part V) focused on
relevant facts and events (congresses, conferences, symposia) of the 50-year-long IAEG
history, where many outstanding personalities played a fundamental role as founders of our
association. Amongst those who participated in the IAEG work, since its early beginning,
some gave great and acknowledged contribution to the development of engineering geology
on a world scale. Many witnesses of the events that took place during 50 years, and there are
still colleagues and disciples of the remarkable founders of IAEG, keep their historical
memory. This part highlighted our duty to share this heritage, passing up the baton to the new
young generation of geoscientists. In the 50th Anniversary Book which will be distributed to
all participants in the Congress, parts are devoted to the birth of the IAEG and the relevant
role of its founders, to the main events organized along the 50 years, to its outstanding
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activity all over the world, and to the awards that have been established to pay a tribute to
those who most contributed to the development of our discipline. The book also includes a
History of Engineering Geology which starts with its heritage and reports its evolution and
the main achievements until today.

“Geoethics and Natural Hazards: Communication, Education and the Science-Policy-
Practice Interface” (Part II) analyzed the critical ethical issues faced by Geoscientists and
Engineers in relation to natural hazards (e.g., earthquake, volcano, landslide, and flood
events) and risks, and their increasing death toll and social costs owing to population growth,
occupation of marginal/unsafe land, and abandon or misuse of land. Sharing and commu-
nicating our knowledge more effectively, involving private and public stakeholders, could
contribute to a sustainable development of human society and economic activities. In the
Anthropocene, Geosciences represent the “connective tissue” of a wider multidisciplinary
approach, to build a shared responsibility on the effects of human actions, and to better cope
with uncertainties. This part highlighted many natural disasters could be prevented and/or
their impact reduced, raising awareness and fostering a true interdisciplinary collaboration
that could fulfill ethical obligations of the scientific community as a whole. This shows the
growing importance of environment in the practice of engineering geology and also the need
for its cooperation with other engineering and social subjects and professionals.

“Resilience Two Citizens and Citizens Four Resilience” (Part III) focused on how
engineering geology could benefit from knowledge sharing of natural hazards and collabo-
rative risk management. As natural risks are part of our reality, the authors highlighted how
preparedness, as an interdisciplinary issue, could envisage a more effective disaster resil-
ience. The “common and shared knowledge” approach empowered by web 2.0/3.0 tech-
nologies, embodies the idea of citizen sciences and the purpose to build a new people-centred
resilience: Crowdsourcing and VGI, citizens engagement and participatory practices are a
new frontier and a matter of fact. Despite any critics, they have the merit to arouse a debate
on cooperation, knowledge sharing, and collaboration at all levels. This part faces, out from
the crowd, applicability, opportunity, and constraints of these new approaches, procedures,
and technologies for preparedness actions: (A) The “web 2.0 wave”: threat or opportunity for
disaster resilience? (B) Two-way emergency communications: empower or menace for
governmental organizations. (C) ICT laws and regulations: dinosaurs in a glass store? (D) Is
research ready for Open Data and Open Knowledge (E) Cultural vs. technological challenges
in disaster resilience (E) Web and mobile technologies: experiences and tools.

“Standards, Guidelines and Best Practices for Engineering Geology” (Part IV) offered to
professionals an overview of specialized documentation on Engineering Geology: the best
practice case studies and compilations, recommended technical procedures in more formal
guidelines, rigid regulatory, or prescriptive standards that are legally binding. Such docu-
mentation resulted appropriate for a variety of topics relevant to the engineering geology
community, and for a suite of topics, including construction materials studies, landslide risk
management and land planning, subsurface mining, infrastructure construction, and
groundwater extraction. An international open exchange of ideas and knowledge was gained
by this part, where authors illustrated their personal, national, or specialized experiences,
lessons learned, successes, and failures with fellow professionals. The authors provided much
needed guidance and structure to practicing engineering geologists and they underlay our
professional obligations to ensure the health, safety, and well-being of society. In the IAEG,
this has been best achieved through publication in the Bulletin which was created in 1970 and
is today a reference journal in the area, as well as the work produced by the IAEG
Commissions.

Interesting points emerged from the IAEG 2014-Topic 7 on “Education, Professional
Ethics and Public Recognition of Engineering Geology.” A comprehensive view of the
proposed contributions fosters the idea of engineering geologists playing the role of
acknowledged “interface” between man and nature. They are not only scientists and pro-
fessionals able to “interpret” both the environmental and the territorial processes, but they
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also have attitudes and capabilities to communicate information to the general public and to
develop guidelines for the correct and safe use of land, namely for the social welfare and
economic development of society. The issues proposed by the Topic’s sessions, and the way
they were discussed within the proposed contributions also highlighted the important role
Engineering Geologists can play in disaster resilience. As a conclusion, interesting discus-
sions have been stimulated on the relationships between ethic, science, politics, and
citizenship.

Reference

Fookes PG, Baynes FJ, Hutchinson JN (2000) Total geological history: A model approach to the anticipation,
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1.1 Introduction

Ricardo Oliveira

Abstract

Without exception, the construction and operation of civil engineering projects have resultant
environmental impacts. However, in most cases the projects are essential to the economic and
social development of the regions where they are located and for some, their sole purpose is
to protect people and goods from natural hazards such as floods and landslides. In general, the
media and environmentalists tend to enhance the negative impacts of the projects and very
seldom make reference to their positive impacts. In this context, the need for high quality
studies and designs is assuming increasing relevance for engineering projects, to ensure
solutions with the least negative impacts are selected and subsequently constructed and
operated by suitably qualified staff. The role of geotechnics in the optimization of civil
engineering projects is therefore as important as is the efficient and early intervention of
specialists, and their decisions, on the technical, economic, social, environmental and
operational aspects of the works. To illustrate that it is often possible to optimize projects
from an environmental point of view, several examples are presented in relation to
construction materials, hydraulic developments, linear works (roads, railways, airways, and
waterways), underground works, maritime works, bridges and viaducts, and natural and
excavation slopes. In each case, emphasis is placed on the environmental concerns that
require optimization of the design in order to minimise the negative impacts without
diminishing the economic and social benefits of the works.

Keywords
Design improvement ¢ Engineering projects ¢ Environment

consideration those points of view. However, quite often
those responsible for the design did study different alter-

Until the 70s/80s the design of large engineering projects
had to be satisfactory from both technical and economic
points of view. This meant that, until that time, the best

natives, some of which had less interference with the
environment, but generally only selected them if they were
the least cost alternative.

design solutions were selected by only taking into Large engineering projects were constructed all over the
world; however people in more developed countries tended
to be more sensitive to their environmental impacts.
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economic and social development of the population affected.
Examples include the construction of infrastructure like dams
(for water supply, irrigation, clean and renewable hydroelec-
tric energy, leisure, and flood control), canals, motorways,
railroads, bridges, tunnels and other underground works, air-
ports and ports. Moreover, some of these works had the
objective of protecting people and goods from natural hazards
such as landslides, floods and earthquakes.

The media and environmentalist organizations tended to
enhance the negative impacts of the projects and very sel-
dom made reference to their positive effects.

Taking into consideration the fact that the implementa-
tion of all large engineering projects will generate some
negative impacts, it is fundamentally important to develop,
both at the feasibility and design stages, solutions that
minimize negative environmental impacts and to propose
compensatory measures.

In the past, studies and designs conducted by qualified
professionals have taken those aspects into consideration,
trying to balance the technical and economic feasibility of
projects with environmental preservation.

However, we must acknowledge that, in the past, when
faced with more than one feasible alternative engineering
solution, most project owners selected the least expensive
solution, even where this would imply greater environ-
mental impacts on the affected area.

These facts outlined above explain the origin of legis-
lation that has been created in the most developed countries
and regions, to mandate that environmental impact assess-
ments are conducted for all large engineering projects and
that the results are considered in balance with the social and
economic aspects of their implementation, to determine the
best design solution Oliveira (1997).

For example, European Commission Directive 85/337/CEE
was agreed in June 1985 and soon transposed to many countries
even outside the EU. In Portugal, the first decree was Law
186/90, which was first updated in 2000 (Law 69/2000), and its
most recent version is from 2013 (Law 151-B/2013). This last
version decrees that the environmental impact study of a given
project must be terminated at the same time as the completion
of its basic design and that the two studies include, wherever
possible, the analysis of alternative solutions. The authorities
take those studies into consideration and they only approve the
design when a favourable Declaration of Environmental
Impact (DEI) is issued, based upon them.

For a large number of such projects, the engineering
geological and geotechnical engineering roles are funda-
mental, depending on the degree of interference of the project
with the ground as well as, often, with the groundwater. These
roles are especially relevant when the studies are conducted
by experienced professionals who make decisions based on

R. Oliveira

Table 1.1 List of Engineering Works

Construction materials

Hydraulic undertakings

Linear surface works (highways, canals, pipes)
Underground works (tunnels, caverns)

Marine works (earth fills, breakwaters)
Bridges and viaducts

Natural and excavation slopes

the economics of the project as well as on its social, envi-
ronmental and operational consequences Oliveira (2008).

1.2  Examples of Geotechnical Project
Optimization that Takes Environmental

Issues into Consideration

In order to give some examples of how it is possible to
optimize civil engineering projects, taking environmental
issues into consideration, while still preserving their
economic and social value, a list of topics and works is
shown in Table 1.1.

Most of the examples were constructed years ago and
they show how it is possible for both sides of the problem to
be compatible.

The first example relates to the use of geological con-
struction materials, which is a subject transversal to most
engineering works. In general their extraction is only pos-
sible through the excavation of soils (borrow areas) or the
blasting of rock masses (quarries). These procedures always
interfere, although to different degrees, with the environ-
ment and the landscape, and at the end of extraction the
rehabilitation of the degraded areas should be mandatory.
Unfortunately, in many countries the legislation does not
yet mandate the rehabilitation of those areas, but that will
certainly change in the near future.

In order to avoid using large volumes of geological
materials for construction, research has been conducted
recently to find ways to replace the natural geological
materials with alternative products, such as recycled mate-
rials, quarry debris and geosynthetics.

Other important topics related to construction materials
and the optimization of their use, both from economic and
environmental points of view, are the management of the
materials during construction and the compensation of
volumes (excavations and fills) that have to be considered at
the design stage. Good volume compensation reduces the
amount of materials used and avoids unnecessary deposit of
non-used materials, which requires free areas and generally
interferes with the landscape.
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Table 1.2 Construction

" Dams
materials

Linear works

Bridges versus embankments

Land reclamation

In order to support the concept of optimization of the use
of geological construction materials, Table 1.2 presents
examples of dams, linear works (motorways and canals),
bridges and coastal land reclamation.

With respect to hydraulic undertakings (i.e. dams and
hydraulic structures), environmental impacts may be expe-
rienced during the construction stage (e.g. the excavation of
large spillways) and/or during operations, upstream and
downstream (e.g. landslides of reservoir slopes and waves,
sedimentation of the reservoir, erosion of slopes).

An interesting example of an environmental impact
caused during construction was the excavation of the 90 m
high spillway of the Gargar dam in Algeria (Fig. 1.1). In
this case, the impact could be minimized as a result of the
sub-horizontal structure of the karstic limestone, that per-
mitted a very steep slope, and also by the use of controlled
blasting of the rock mass.

A very well-known example of environmental impact
during operations relates to the large sedimentation of the
reservoir in the Three Gorges dam, in China. To deal with
the erosion of soils from the hydraulic basin, which are
mainly transported to the reservoir by the tributaries,
additional dams have been constructed in several of the
water lines to retain sediments and thus to avoid them
reaching the reservoir. A program of forestation upstream
has also been implemented. Furthermore the design of the

Fig. 1.1 Gargar dam (Algeria).
Spillway

Extraction of soils and rocks in the reservoir area

Excavations and embankments

Compensation of volumes and materials management

Foundation conditions and the availability of embankment materials

Dredging, hydraulic fills, borrow areas

main dam takes into consideration the detrimental aspect of
sedimentation by incorporating 22 vanes and 23 bottom
outlets in order to allow the sediments to be expelled
downstream when floods occur. Large discharges or floods,
if uncontrolled, may erode the base of the natural slopes of
valleys, downstream of dams, provoking instability of the
ground.

With regards to surface linear works, examples of
environmental optimization include the layout of alternative
routes, crossing karstic zones, open excavations versus
tunnels and landscaping, all of which must be considered
while also taking into account the social and economic
aspects of the land expropriation for each solution.

Good examples that show how the optimization of
engineering solutions can improve the environmental con-
ditions of the area include: the motorway Al, in the region
of Fatima, the Lisbon Regional Outer Circular (CREL) and
the motorway 24 to the Douro valley, all in Portugal and the
Anilio tunnel part of the Egnatia highway in Greece.
Figure 1.2 shows two alternatives which were studied
25 years ago, for the crossing of motorway Al, near Fatima,
through a karstic limestone rock mass. The decision taken,
based on the relative costs, was for the surface excavation
of the rock mass with slopes of approximately 30 m high
(Fig. 1.3). Nowadays this solution would not have been
approved by the environmental authorities.
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The excavation of tunnels, as part of engineering works,
can create significant environmental problems that have to
be anticipated at the design stage and solutions have to be
found to mitigate their impact. Examples include their
interference with the hydrogeological conditions of the
geologic formations they cross and the destination site for
any materials resulting from the excavations.

Those concerns also apply to the construction of under-
ground caverns, which are opened for several engineering
purposes, such as hydroelectric power plants, metro sta-
tions, fluid storage and dangerous waste disposal. Moreover,
reference should also be made to the problems of ground
pollution, subsidence and collapse that reflect at the surface
of the ground.

One important issue mentioned previously in this paper
is the final treatment given to excavation debris that is not
used as a construction material, and is therefore a waste

Fig. 1.4 EDP Venda Nova Il
power plant. Modelling of
deposit materials

product; effective modelling during the design phase can
enable proper landscaping of the storage area that will be
affected. An interesting example is the study conducted by
Eletricidade de Portugal (EDP) for the power plant Venda
Nova II, located in the north of Portugal. The construction
of the tunnels and of the deep power plant required the
extraction of more than half a million cubic meters of rock
that were not appropriate for construction. The deposit
materials were modelled in such a way as to give the area a
pleasant landscape (Fig. 1.4).

Finally, the topic of natural and excavated slopes is
discussed. Firstly, some comments on the geological risks,
resultant from the instability of natural slopes, which often
affect people and property. In such cases, studies have to be
conducted for the design of support works which assure the
safety of the ground, while ensuring that the necessary
works have minimum interference with the environment
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Fig. 1.5 Serra da Arrdbida.
Retaining works and false tunnel

and the landscape. An interesting example is shown in
Fig. 1.5, which presents stabilization works being con-
ducted on a natural slope, more than 100 m high, of the
Serra da Arrdbida, south of Lisbon, as a result of large
limestone blocks having fallen on the road below, from time

to time, which imposed the closure of the road to all traffic
for 2 years.

As this area belongs to a natural reserve, the solution
chosen had to take into consideration that no significant
excavation works could be performed to improve the stability
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Fig. 1.6 Motorway CREL.
Retaining curtain

of the rock mass. For excavated slopes, the stability analysis
has to consider the geological, hydrogeological and geo-
technical conditions of the ground for the feasibility study of
possible solutions. The optimal solution will assure the sta-
bility of the slope, while requiring the least possible inter-
ference with the environment. Figure 1.6 shows an example
of a high and long retaining structure constructed on an
excavation slope of the Lisbon motorway CREL, supporting
a very fragmented limestone rock mass, which was selected
after taking into consideration the concern to choose a
solution that would be well-framed in the landscape.

1.3  Conclusions

The rapid growth in the world’s population (which has
increased four times in the 20th century) and its concen-
tration in urban areas (more than 50 % of the actual total
world population) with many people living in megacities,
continues to necessitate the construction of new infra-
structure of all types in order to create adequate conditions

for the economic and social development aspired to.
However, such construction must be done with a mind to
environmental preservation Oliveira (2000).

The purpose of the examples presented in this paper is to
show that it is possible to reconcile development with
environmental preservation, if and when qualified engi-
neering geologists and geotechnical engineers use their
knowledge to find the best possible solutions for the
required engineering works.
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Abstract

The Commission C25 of the International Association for Engineering Geology and the
Environment is currently working on “The use of engineering geological models”. This
article presents examples of engineering geological models for landslides using both a
conceptual and an observational approach. Generally speaking, the conceptual model forms
the basis for the development of the observational model. However, there are cases where the
relationship between the conceptual model and the observational model is not so
unidirectional. The experience gained in developing the observational model in these cases
can facilitate considerably the development of future conceptual models in the same type of

engineering geological conditions.

Keywords

Landslides * Engineering geological model ¢ Conceptual ¢ Observational

2.1 Introduction

This paper constitutes a contribution to the discussion cur-
rently taking place within the Commission C25 of the
International Association for Engineering Geology and the
Environment, which is currently working on a paper entitled
“The use of Engineering Geological Models” (Parry et al.
2014). The C25 considers two different methodologies for
developing the models:

The conceptual approach, according to Parry et al. (in
press), is based on understanding the relationships between
engineering geological units, their likely geometry and
anticipated distribution. This approach, and the models

J. Novotny (D<)
ARCADIS CZ a.s., Prague, Czech Republic
e-mail: Jan.Novotny @arcadis.cz

J. Novotny
Faculty of Natural Science, Charles University in Prague, Prague,
Czech Republic

formed, are based on concepts formulated from knowledge
and experience and are not related to real three-dimensional
(3D) space or time. Importantly, the model is largely based
on consideration of geological concepts such as age, stra-
tigraphy, rock type, unconformity and weathering.

The observational approach is based on the observed
and measured distribution of engineering geological units
and processes. These data are related to actual space or time
and are constrained by surface or sub-surface observations.

To illustrate these concepts, the article will present
several examples from Cretaceous sedimentary regions of
the Czech Republic.

2.2  Conceptual Models of a Slope Structure
Comprising a Rigid Layer Above

a Plastic Layer

In the Czech Republic, slope movements relatively often
occur in a rock structure characterized by an upper layer
(No. 1 on Fig. 2.1) consisting of rigid (competent) rock
broken into blocks by the Tertiary tectonics, and by a thick

G. Lollino et al. (eds.), Engineering Geology for Society and Territory — Volume 7, 11
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lower layer (No.2 on Fig. 2.1) consisting of plastic
(incompetent) rock. Typically, the upper layer is composed
of massive sandstone and the lower layer of plastic
claystone.

Figure 2.1 represents a conceptual model of a long-term
evolution of a slope with this structure, as seen in various
stages of development (Rybar and Nemcok 1968). In
Fig. 2.1a erosion processes start to cut through the rigid
layer. Figure 2.1b demonstrates that a narrow valley is prone
to bulging (Varnes 1978). Further deepening and widening of
the valley (Fig. 2.1c) leads to cambering—block-type
movement on plastic underlying rock (Varnes 1978; Nemcok
et al. 1972) in the upper part of the valley and to landslides of
plastic rocks and derived soils in the lower part of the valley.
Figure 2.1d represents a denudated slope prone to landslides
triggered by river erosion at its base.

In Czech Cretaceous sediments, the most common slope
state corresponds to the model stage “c” (Fig. 2.1c), which
can be encountered also in Prague. Using archival research
data, the general conceptual model can be further developed
into a site-specific conceptual model for a particular loca-
tion. Common features of site-specific models for the stage
“c” comprise: (1) upper slope consisting of sandstone, often
affected by block movements; (2) groundwater horizon
developed in the sandstone above the impermeable clay,
often drained ahead of the sandstone blocks on slopes
consisting of fine grained soils; (3) ahead of the sandstone
blocks, potential occurrence of landslides in the slope
composed of fine grained soils.

An example of a site specific conceptual model is given
in Fig. 2.2. In the village of Hrub4 Skaila, located in the NE
of the Czech Republic, family houses were built on a
seemingly favourable flat terrain which in reality consisted
of unrecognized old landslides. A correct use of the prin-
ciple of engineering geological models would have easily
prevented damage to the houses (Novotny 2009).

A similar site specific conceptual model in Fig. 2.3
characterizes the Prosek district in the north of Prague
(Pasek 2000 in Novotny 2009), affected not only by slope
movements but also by historical undermining (Cilek 1999
in Novotny 2009), which should be taken into account when
determining the scope of site investigation works needed for
the correct development of the observational model. Houses
constructed near the slope edge with disregard of the model
were damaged by fissures and one of them had to be
demolished (Le$ner 2004 in Novotny 2009).

Generally speaking, all site investigation works should
aim to answer questions raised by the conceptual model, and
thus to elaborate the observational model. At the same time,
the conceptual model itself can be used to determine effi-
ciently the type and scope of site investigation works needed
(when compared to a “grid-like” site investigation planned
without knowledge of the site geology and processes).

J. Novotny
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Fig. 2.1 Development stages of a slope comprising a rigid upper
layer and a plastic lower layer (according to Rybér and Nemcok 1968)

Observational Model of the Brezno
Rotational Landslide

2.3

Figure 2.4 presents an example of an observational model
of the central part of the Bfezno u Postoloprt landslide. The
model was constructed by the author using a cross section
from a site investigation report (in Pasek 1974), aerial view
by Google and field mapping carried out by the author.
By sliding along the rotational surface of rupture (“rock
slump” according to Varnes 1978, rotational landslide
according to Nemcok et al. 1972), the Cretaceous marlstone
block was pushed into the river bed, substantially narrowing
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Fig. 2.2 Conceptual model of a slope in Hruba Skéla. / Cretaceous sandstones, 2 Cretaceous claystones, 3 landslide

Fig. 2.3 Conceptual model of the edge of the Czech Cretaceous
Formation in Prosek (after Pagek 2000 and LesSner 2004 in Novotny
2009). I Quaternary loess soils, 2 Turonian marls and marlstones, 3

it in this area. The main cause of the landslide, besides
lithology prone to sliding, is primarily the erosive action of
the Ohfe river which to this day maintains the whole
landslide in an unstabilized state. A layer of baked clays
located in shallow depth below surface also plays an
important role, preventing the area from being denuded into
a gentle slope less prone to sliding.

Unlike the simple structure of the rotational landslide,
the morphology of the main scarp, resulting from various
slope processes, is considerably complex. The main scarp
above the rotated block is divided into a series of ridges
separated by areas with periodical occurrence of minor
landslides and notably earth flows. In long-term conditions,
the ridges themselves are also unstable, prone to rock fall
and opening of vertical tension cracks which can lead to
rock topples of large blocks. The material from minor
landslides, earth flows, rock falls and rock topples accu-
mulates in the head area, adding weight here and destabi-
lizing the entire landslide. In the upper part of the
accumulations, minor scarps are formed; above them, the

Cenomanian sandstones, 4 Cenomanian claystones, 5 Ordovician
shales, 6 mining cavities, 7 mounds

terrain locally dips towards the slope, creating undrained
basins that further destabilize the slope by the process of
water infiltration into the unstable masses.

24  Conceptual Model of the Head Area

of the Brezno Landslide

During the development of the observational model of the
Brezno landslide, a conceptual evolutionary model of pro-
cesses in the main scarp area was also established. Without
knowledge of the slope’s history and evolution, the model
would be much simpler in comparison with the following
concept (Fig. 2.5).

Figure 2.5(1): State after the development of the rota-
tional landslide. Figure 2.5(2): Irregularly, minor landslides
and rock falls occur in the main scarp area, creating partial
ridges in the scarp area and accumulations at the base of the
scarp. Fig. 2.5(3a): In long-term conditions, local rock falls
repeatedly occur in the ridges, heavily fractured by
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Fig. 2.4 Observational model of the Bfezno landslide in Cretaceous marlstones
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Fig. 2.5 Conceptual model of processes in the head area of the Bfezno landslide
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discontinuities in the marlstone rock mass. Figure 2.5(3b): In
long-term conditions, local topples repeatedly occur in the
ridges. Figure 2.5(3c): Earth flows repeatedly occur between
the ridges. Figure 2.5(4): Rock fall, rock topples and earth
flow accumulations are unstable and prone to sliding. Fig-
ure 2.5(5): In the long term, the processes depicted in
Fig. 2.5(3a-3c)—(4) result in a considerable retreat of the
whole main scarp very far beyond its original position (an
important factor influencing any potential construction pro-
jects in the area) and in the gradual increase of slope stability.
In reality, the situation is even more complex than described
by the conceptual model presented above.

2.5 Conclusions

A knowledge of the conceptual model of a slope consisting
of a rigid upper layer and a plastic lower layer, including its
future development, can be used not only to predict engi-
neering geological conditions in all parts of the slope, but
also to recognize all issues that have to be resolved by site
investigation when compiling the observational model.
Sufficient experience is needed to elaborate an appropriate
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conceptual model, and as shown in the example of the
Brezno landslide, the experience gained when developing
observational models can also be useful.
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3.1 Introduction
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Abstract

IAEG Commission C25 on the ‘Use of Engineering Geological Models’ has recently
completed a report entitled “Engineering Geological Models—An Introduction” to be
published in the Bulletin of Engineering Geology and the Environment. This paper
summarizes the key findings of this report. The report notes that the generation and use of
engineering geological models should be a fundamental activity for any geotechnical project.
Such models are an essential tool for engineering quality control and provide a transparent
way of identifying project-specific, critical engineering geological issues and parameters.
Models should also form the basis for designing the scope, the method and assessing the
effectiveness of site investigations. However, whilst the idea of models in engineering
geology has existed for several decades, there has been little published to date that
systematically distinguishes the different model types and how and when they might be used.
The reader is referred to the full report for additional background, examples and details.
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Engineering geological model ¢ Conceptual ¢ Observational

describe them and provide general guidance for their con-
struction, primarily through the use of examples. The reader

The aim of C25 is not to provide a ‘cook book’ for gen- 1is referred to the full report for additional background,
erating engineering geological models. Rather, it is intended examples and details (Parry et al. in press).

to present the philosophy behind the development and use C25’s working definition of the term model as used in
of these models, suggest appropriate terminology to engineering geology is simply: A model is an approximation

of reality created for the purpose of solving a problem.
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3.2 Approaches and Model Types
Typically, engineering projects develop in stages from pre-
feasibility to feasibility, various stages of design, con-
struction and through to operation. With each stage of the
project more data become available. Consequently, a range
of engineering geological models are required during the
life of a project.

C25 considers that there are two fundamentally different
methodologies for developing engineering geological
models that are independent of the project stage—concep-
tual and observational. The different methodologies used for
the generation of these model types are:

(a) The conceptual approach: which is based on under-
standing the relationships between engineering geo-
logical units, their likely geometry, and anticipated
distribution. This approach, and the models formed,
are based on concepts formulated from knowledge and
experience and are not related to real three-dimen-
sional (3D) space or time.

(b) The observational approach: which is based on the
observed and measured distribution of engineering
geological units and processes. These data are related
to actual space or time and are constrained by surface
or sub-surface observations.

The accuracy and completeness of observational models
depends on the accuracy and completeness of the associated
conceptual models; similarly, any analytical modelling will
depend on the observational models. If the conceptual model
is wrong, then any subsequent observational models and the
analytical models are likely to contain errors or even be
incorrect. Importantly, especially for those responsible for
engineering design, it is most unlikely that any analytical
modelling will be correct if the geology is not understood.

Whilst the engineering specifications and performance of
the project must be known to the engineering geologist for the
development of a model, C25 also believes that, regardless of
the model type, it is absolutely essential that geological
concepts must be the starting point for building models.

A fundamental objective of any engineering geological
model should be to evaluate and, where necessary, inves-
tigate the potential ‘unknowns’, that is, ground conditions
that consideration of the model suggests could be present
and which could potentially affect the project, but which
have not been specifically observed. By identifying poten-
tially critical conditions, these can be factored into the site
investigation and design, for example, through additional
targeted ground investigation or by contingency planning.
Ultimately the understanding of the project embodied in the
engineering geological model becomes an understanding of
the site conditions that an experienced contractor could

S. Parry et al.

reasonably have foreseen, with all of the contractual over-
tones associated with these words.

3.3 The Conceptual Engineering Geological

Approach

The conceptual engineering geological approach and the
resulting models typically provide input to the earliest
stages of a project. The conceptual model is critical in
assessing the potential engineering geological variability
that may be present at a geographical location and, when
combined with the specific engineering requirements of the
project, has the potential to identify elements that can result
in hazard to that project, i.e. it is site and project specific.

Consequently, a fundamental purpose of the conceptual

model is to identify what credible engineering geological

unknowns may be present, so that these unknowns may be
targeted for investigation and, if found to be present, to
assess their potential for hazard to the project.

The resulting conceptual models can be broadly sub-
divided into two types:

1. Conceptual models that deal with relationships in space:
these are extrapolated from existing knowledge of geo-
logical environments and processes. An important
advantage of these models is the ease with which they
can be used to communicate the geological conditions to
engineers who may have little or no knowledge or
understanding of geology but have to make critical
decisions that are driven by geological factors.

2. Conceptual models that deal with relationships in time:
these illustrate the geological evolution of a site or
particular geological conditions or processes which are
relevant to the project.

By its very definition, the conceptual approach and
resulting models are associated with considerable uncer-
tainty. The uncertainty is rather abstract in that it relates to
whether or not the set of concepts that have been identified
as being relevant are the most reasonable set of concepts,
which is inherently difficult to judge. However, the power of
the approach is that when a good conceptual engineering
geological model is developed, it should be capable of
anticipating most of the engineering geological issues that
could potentially affect the project.

3.4 The Observational Engineering

Geological Approach

The observational engineering geological approach and the
resulting models are usually based on observations and data
from project-specific ground investigations. These ground
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investigations should be designed using conceptual models
and, in particular, should seek to verify the basic compo-
nents of the conceptual models and target the uncertainties
identified by them. Observational models may be developed
directly from conceptual models or they may be developed
following the acquisition of new, site specific, observations.
An observational model is usually constrained by observa-
tions and/or measurements, even though some observations
and measurements themselves are interpretations of
incomplete information or remotely sensed data, such as
geophysical measurements. These observations usually can
be constrained in space by actual position (X, y, z) data;
occasionally the model is constrained in time.

This approach is applicable to engineering geological
tasks that range from core logging to regional mapping.
Consequently, the resulting observational engineering geo-
logical models can take a wide variety of forms: graphical
borehole logs (one dimensional), engineering geological
cross sections and maps (two dimensional) and spatial
engineering geological models (three dimensional).

It is important to note that the geological interpretation
required to construct an observational model should be
based upon the knowledge encapsulated in the conceptual
model. Whilst observational data, such as boundaries in
boreholes, are constrained in x, y, z space, the conceptual
model is used to establish the relationships that support
interpretation of geological surfaces between such points.
Furthermore, the interpretation of the observation data
themselves is based on a conceptual approach to differentiate
the significance of each specific piece of observational data.

3.5 Models as They Relate to Construction
The most useful engineering geological models define
uncertainties and unknowns so that they may be incorpo-
rated into the project analyses or so that the project cost
estimate can include a contingency to cover the risks
associated with them. This allows the potential sources of
risks to the project from ground-related hazards to be
identified, as far as possible, and investigated and evaluated,
thereby reducing ground-related risk to the extent that is
practicable. Commonly within the geotechnical industry
consideration of engineering geological models with their
implicit variability is rarely discussed. For example, in
many cases owners choose to issue only “factual” infor-
mation (i.e. borehole and test pit logs) in the belief that
providing any “interpretations” will somehow increase
their exposure to geotechnical risk. The members of C25
accept that this is an industry wide practice but are of the
opinion that withholding interpretations from contractors
can only reduce their ability to reasonably foresee the
ground conditions that they might encounter.

3.6 Conclusions

An engineering geological model is any approximation of
the geological conditions created for the purpose of solving
an engineering problem and includes models which are
based mainly on geological characteristics as well as
models which are based mainly on engineering character-
istics. In a general sense, the geotechnical risk faced by an
engineering project is inversely proportional to the level of
detail and accuracy embodied in the engineering geological
model. The better the model reflects actual conditions, the
lower the remaining risk. However, it is not possible to
define every finite detail of the ground. So, ultimately, the
objective of an engineering geological model, throughout
the project, should be to provide sufficient detail and
understanding of the ground, based on the data available at
the time, to carry out the engineering to an acceptable
degree of reliability.

Engineering geological models should form a funda-
mental component of any geotechnical project as they
provide a systematic methodology to support all of the
engineering geological thought processes that must be
worked through for successful project completion. The use
of models as an approach to solving engineering geological
problems, with the inherent requirement for prediction and
verification, is also ideally suited to training and education.

The authors are of the opinion that distinguishing
between the conceptual and observational components of a
model will create a better understanding of the type and
range of uncertainties that are present within the model.
Clearly, the uncertainty associated with the choice of geo-
logical details on which to base a conceptual model is very
different from the uncertainty associated with the location
of a geological boundary within 3D space for an observa-
tional model. By acknowledging these different approaches,
the different types of uncertainty within the model can be
appreciated and hopefully understood.

Finally, the knowledge encompassed within each type of
model must be transferable between project stages, in par-
ticular from the site investigation, to engineering design, to
project construction, and into facility operation, so all of the
different types of models must seamlessly relate to each
other. Engineering geological models are an ideal way to
communicate what is known about the project as it pro-
gresses through different project stages.
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Abstract

Lifelines and transnational transportation corridors often traverse diverse geological terrains
and are exposed to a variety of geohazards. The evaluation of such hazards can be made
difficult by a lack of data (epistemic uncertainty) and an overwhelming and often confusing
juxtaposition of differing geological environments. Analysis of such long, linear routes is best
achieved using terrain analysis, considering both the seismotectonic characteristics and
geomorphological settings. The development of detailed conceptual ground models for each
terrain unit can allow the rational and logical synthesis of prior data allowing preliminary
(deterministic) assessment of geohazard susceptibility. Once the hazards have been
identified, available prior information can then be used to assign magnitude and recurrence
parameters to each hazard. This allows a first-order assumption of hazard recurrence.
Coupled with a basic understanding of system fragility, this can be used as a means to ensure
that robust front end engineering design (FEED) can progress. This allows the identification
of significant hazards requiring either project rerouting, redesign or further study. The levels
of hazard knowledge can be clearly demonstrated and significant epistemic uncertainty
identified early in the hazard evaluation process, allowing timely modification to subsequent
site investigation activities in order that the relevant knowledge gaps are addressed.
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important for successful engineering design incorporating
geohazards considerations. Although we usually consider

Experience in both industry and in academia highlights the
difficulty that many earth scientists and engineers have in
incorporating uncertainty and variability into their under-
standing of natural systems. This becomes particularly
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geohazards to include earthquakes, volcanoes, slope failure
and their attendant manifestations, we should be consider-
ing any naturally occurring (and even man-made) ground
conditions that have a potentially adverse effect on the
engineered environment. The concept of geohazards is often
introduced to students in a deterministic framework, with an
emphasis on the location and maximum magnitude of each
hazard. Often geohazards are treated on an individual basis,
and the cumulative effect of hazards can be missed, leading
to an erroneous understanding of project vulnerability.
Contemporary risk-based engineering requires an integrated
approach to hazard analysis, considering system fragility
and a full probabilistic hazard evaluation of all geohazard
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Table 4.1 Geohazards evaluation projects

Project location Infrastructure

Irkutsk (Russia) to
Ulaanbaatar (Mongolia)

Oil and gas pipeline

Kampala (Uganda) to Djibouti Railway corridor

Kabul (Afghanistan) to
Dushanbe (Tajikistan)

Water distribution system
(pipe, canal and tunnel)

occurrences. Developing an integrated approach to hazard
analysis requires an optimum understanding of the spatial
and temporal distribution of geohazards; this is best
accomplished using ground models. The development of
detailed models, considering both the seismotectonic char-
acteristics and geomorphological setting, allows the rational
and logical synthesis of prior data thereby assisting pre-
liminary (deterministic) assessment of geohazard suscepti-
bility. Such an assessment is useful for initial route
determination and/or corridor selection, but generally does
not allow equal consideration of what can be very disparate
hazards. Once the hazards have been identified, available
prior information can then be used to assign magnitude and
recurrence parameters to each hazard. When data are not
available locally, or are of such a limited temporal extent
that recurrence parameters cannot be reliably determined,
then the principle of ergodic assumption can be used
allowing data from geologically similar terrains from other
locations can be used as a preliminary input into the model.

C. Fenton et al.

Terrain units Geohazards

1. Craton/intraplate plateau Ground shaking

2. Active rift margin Fault rupture

3. Rift basin Liquefaction

4. Foothills Slope stability

5. Permafrost plateau Permafrost

6. Loess plains Scour

7. Alluvial basin Avulsion
Inundation

Loess

1. Craton Ground shaking

2. Active rift margin Fault rupture

3. Rift basin

4. Subaerial spreading centre Liquefaction

5. Wadi Slope stability
Scour
Volcanism

Expansive soils
Collapsible soils

1. Strike-slip basin Ground shaking

2. Alpine bajada
3. Range-front foothills Fault rupture
4. Alpine valley Liquefaction
5. Himalayan mountains Slope stability
6. Loess plains Loess
Scour
Avulsion

4.2 Geohazard Assessment
As part of the Engineering Geology MSc course at Imperial
College London students are introduced to aspects of
unknowns and uncertainty in the ground through modules
covering ground model development, site investigation
planning and geohazards evaluation. The latter is carried out
in two stages: an introductory module covering the frame-
work of probabilistic hazard assessment (concentrating on
ground motion evaluation) and a subsequent module on
practical geohazards assessment (e.g. Fenton et al. 2010).
The latter module is divided into two elements: geoha-
zards assessment for an urban setting and geohazards
evaluation for a transnational lifeline corridor. These activ-
ities are carried out as individual and group exercises,
respectively.

The urban geohazards exercise is used as a ‘warm up’,
allowing the students to begin to integrate aspects of their site
investigation course (recognising the value of and integrating
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Fig. 4.1 Example ground model: developed for upland areas affected by permafrost along the Irkutsk to Ulaanbaatar pipeline project

(Table 4.1)

prior information at a desk study phase), ground model
construction, and preliminary (deterministic) hazard assess-
ment. The product of this investigative stage is a data sheet
covering the various geohazards for the area under consid-
eration and a preliminary (deterministic or relative) assess-
ment of hazards potentially affecting the site. This introduces
the students to the value of prior information, how to evaluate
the quality of this information, and begin to assess the
uncertainties (both explicit and implicit) contained therein.
Evaluation of this work is twofold: weekly informal
round table meetings allow the students to air their current
level of understanding and respond to ‘value of informa-
tion’ (VOI) questioning (e.g. What data are required and
what improvements in geohazards understanding/value
engineering will be accomplished as a consequence of
acquiring these data?). These sessions are designed to focus
the students’ efforts by highlighting data gaps and focusing
efforts on tackling epistemic uncertainty. This is the
equivalent of a project progress meeting with the role of the
client played by the course instructor. Although aleatory
variability is discussed, time constraints usually dictate that
at this stage this is a secondary concern. The second and

final assessment is a series of individual oral presentations,
usually accompanied by a final summary data sheet, out-
lining the hazards and their relative magnitudes.

The second part of the course is based on a series of
hypothetical trans-national lifeline corridors (Table 4.1).
This exercise is performed as a group based exercise,
involving a team-based structure, not unlike that involved in
a preliminary hazard assessment at FEED stage in industry.
The projects are designed to cover a series of differing
engineering demands, and cover a broad range of geological
and geohazards environments. This provides the challenge
of dealing with multiple geohazards, a wealth of differing
ground conditions, and varying topographic and climatic
conditions. The project locations are deliberately chosen in
order that the quality and detail of data are also highly
variable. The projects are loosely defined, often with a start
and end point, but no corridor designation. Part of the initial
evaluation is based on route selection, often allowing the
evaluation of multiple corridor options. This is usually
carried out in a manner that initial selection is based on the
identification of ‘showstopper’ hazards. After this initial
evaluation several corridor options may be evaluated in
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Table 4.2 Ground model development

Ground model Data requirements

Conceptual Regional geology:
Tectonic setting
Topography
Stress field
Geological Site-specific geology:
Remote sensing
Aerial photos
Geological maps
Geotechnical Site specific geotechnical characterisation:
Borehole logs

Trial pit logs

Lab test results

Geohazard Site-specific hazard characterisation:

Age-dating

Recurrence rates

parallel, allowing a more quantified approach to hazard
evaluation. The third stage, once a preferred corridor has
been identified, is route optimisation. Like the individual
projects described above, the evaluation of the student
performance is based on weekly project progress meetings,
when the discussion may focus on VOI, fatal flaws and data
gaps. Aleatory variability, and the means by which it can be
quantified, is explored in an increasingly detailed manner as
the course progresses. The concept of ergodic assumption is
introduced, widening the areas of geohazards research
beyond the geographic constraints of the chosen corridors.
As well as evaluation from the course instructor, the stu-
dents benefit from peer interaction in the form of questions,
data exchange and the sharing of experience (gained from
beyond the scope of these individual exercises); this follows
the SSHAC methodology (Budnitz et al. 1997) of expert
elicitation with clearly defined evaluation and integration
activities.

There is a strong emphasis placed on the presentation of
ideas and analysis to a mixed technical group. Student
direction is that they should be able to present their con-
clusions (and their justification) to a technical, but non-
expert audience. To assist with this goal, the preferred
means of presentation is a series of geological models
(Fig. 4.1), ranging from preliminary conceptual models,
through to detailed, quantified geotechnical and geohazards
ground models (Table 4.2). As well as being a means to
convey what is often very complicated spatially and tem-
porally variable information, the models also act as a
framework within which the students can explore the
shortcoming and gaps in the data sets that they have com-
piled. These models are tied to hazard and/or risk matrices

C. Fenton et al.

Level of epistemic uncertainty Hazard quantification

Moderate to high Relative

Moderate Deterministic

Low to moderate Deterministic

Low to moderate Probabilistic

(Fig. 4.2), allowing a level of geohazards quantification,
even in the absence of detailed site-specific information.
The latter obviously require information on system fragility,
a level of knowledge often outside the level of expertise of
the majority of students. Despite these shortcomings, the
students are made aware of this important aspect, and that
such data would be provided by the structural engineers
involved in the design process. The important lesson to be
learned at this stage is that geohazards assessment is not
merely an academic exercise carried out in isolation from
the remainder of the engineering design process. This fur-
ther emphasises the importance of the VOI process, high-
lighting whether certain geohazards even need to be
considered in light of system fragility. The importance of
accuracy and precision in the hazard quantification process
is also stressed, e.g. Do we really need to calculate fault slip
rate to a certain level of precision, or indeed at all, or is it
sufficient to understand that the fault is active and poses a
potential seismic hazard? In understanding system fragility,
the students are also introduced to the demands of differing
design codes for different structures and their implementa-
tion (or not) across international boundaries.

43  Conclusions

Geological ground models, from preliminary conceptual
constructions to detailed quantified geotechnical models
provide a powerful tool for discussing uncertainty in
geohazards determination. By allowing a three dimensional
view of the ground, this allows a true realisation of the
consequences of multiple geohazards. The models
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Abstract

GIS-project “World experience in site investigation and construction under different
engineering-geological conditions” includes numerous data on engineering objects
(engineering structures), and contains more than 20 layers divided into three blocks. Base
layers include geographical and geological maps of the World and Russia, forming the first
block of information. Map of engineering-geological structures of the Earth is the second
block, it consists of 8 layers. The intersection of these layers gives taxonomic units of
engineering-geological zoning of the four hierarchical levels. Engineering objects (buildings,
dams, reservoirs, bridges, tunnels, etc.) form the third block. Attributive table contains data
on every object and on its engineering-geological conditions: relief, composition and
properties of foundation rocks, underground water, geological processes, the difficulties that
arise upon construction, as well as the source data. This GIS-project can be used as a

reference database and in educational activity.
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5.1 Introduction

GIS-project “World experience in site investigation and
construction under different engineering-geological condi-
tions” is developed at the Department of Engineering and
Ecological Geology (Geological Faculty of Lomonosov
Moscow State University). This GIS-project can be used as
a reference database, and for educational tasks for students.

Scientific and technical publications describing the
engineering-geological conditions of construction of each
engineering structure (or complex of structures) are the
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Leninskie Gory, 1, Moscow, Russia 119992,
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primary source data for the project. These are articles and
few monographs. For example, the monograph by Anderson
and Trigg (1976), Legget (1973), 4 parts of monograph
“Engineering geology of the USSR” (1990-1992) and
others. Archive data of the Department of Engineering
Geology MSU is another source of information. Besides, a
set of different maps for the territory of Russia and the
World was selected for GIS project.

It is important to note that nowadays almost all engi-
neering-geological agencies have their own GISes that
contain fuller and more detailed information on engineering
objects than our GIS does. The presented GIS is based
mainly on short publications about engineering objects, but
these are the objects, where problems and difficulties
occurred during construction. This knowledge appears to be
very important for students. In addition, we try to encom-
pass the maximal variety of conditions in our GIS, to show
the experience of different countries obtained in different
years. This information is also very important for students.
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Project is created in ArcGIS 9.3. Base scale is
1:25,000,000, but in the key regions data are more
detailed—up to the scale of 1:2,500,000. Data are displayed
in World Robinson projection.

Characteristics of the GIS “World
Experience in Site Investigation
and Construction Under Different
Engineering Geological Conditions”

5.2

GIS database contains more than 20 layers divided into
three blocks. In the first block, there are base layers
including topographical, geological and tectonic maps. Map
of engineering-geological structures of the Earth is the
second block. The data obtained on engineering objects
(engineering structures) form the third block.

5.2.1 Base Layers

Several base layers are templates from ArcView 3.2 and
ArcMap 9.3. They are World Continents, Countries, Rivers,
World Lakes and World Cities. Tectonic and geological
maps of Russia are layers with base scale of 1:2,500,000.
Tectonic and geological maps of the World are added in the
raster format.

5.2.2 Map of Engineering-Geological Structures
of the Earth

Engineering-geological structures are the regularly arranged
parts of the lithosphere, formed under the influence of
certain regional and zonal factors, and which are homoge-
neous with respect to some engineering geological param-
eters (Trofimov and Averkina 1996). By varying the
combinations of regional and zonal factors (and, conse-
quently, corresponding engineering geological parameters)
and proceeding from the general to the particular, we may
distinguish the engineering-geological structures with dif-
ferent content of various hierarchic levels. In this case,
complex (two-member) foundation for division is the sign
of the classification. We propose to name the largest
structures of the first level as the engineering geological
superstructures. For example, continental subaerial or con-
tinental subaquatic engineering-geological superstructures.
Structures of the second level are named engineering-geo-
logical megastructures. For example, a platform with con-
tinuous permafrost, an orogen with unfrozen rocks.
Structures of the third level are named engineering-geo-
logical macrostructures. For example, an old orogen with
slightly moistened rocks. Structures of the fourth level are
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named engineering geological mezostructures. For example,
a plate with seasonally frozen rocks or a shield with sea-
sonally unfrozen rocks.

Information block “Map of engineering-geological
structures of the Earth” consists of 8 layers. The intersec-
tion of those layers gives 4 layers of engineering-geological
structures of the four hierarchical levels. It is made by
means of Union operator from Geoprocessing Wizard. In
fact, we get taxonomic units of engineering-geological
zoning of the four hierarchical levels.

5.2.3 Data on the Engineering Objects

The data are displayed in two layers: point and linear
engineering objects (engineering structures).

Layer “Engineering-points” is a layer of point objects,
which contains engineering structures displayed as points in
the scale map. Position of objects was defined using space
imagery data of Google Earth and MSU Geoportal (Zimin
and Turbalina 2012). High-resolution space images were
useful for recognizing these objects.

Layer “Engineering-lines” is the layer of long linear
objects—pipelines, canals, railways and highways. Position of
lines was also determined using high-resolution space images.

Each object is described by attribute information.
Attributive table of layers “Engineering-points” and
“Engineering-lines” includes 12 fields: object number;
L-code (by classifier); engineering structure class (by clas-
sifier); engineering structure type (by classifier); proper
name of the object (if any), for example, St. Isaac’s
Cathedral; formation of pre-Quaternary rocks of the foun-
dation (by classifier); the newest deposits of the foundation
(by classifier); soil state, consistency of the foundation (by
classifier); geological processes (if any) (by classifier);
factor that caused the greatest problems (if any) (by clas-
sifier); engineering protection (by classifier), source data.

Every object is linked by Dynamic Hyperlinks to addi-
tional text and image files or web pages.

We collected data on several hundred engineering objects
(engineering structures), constructed in different countries
and continents. This database is constantly updated.

5.3  Use in Educational Activities
By means of the presented GIS, students can study experi-
ence in site investigation and construction obtained in vari-
ous countries and under different engineering-geological
conditions for particular cases.

Moreover, on the basis of this GIS students will solve
engineering-geological educational problems. For example,
they can make some generalizations. Information layers
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Fig. 5.1 Engineering-points layer in GIS-project

“Engineering-points” and “Engineering-lines” are the local
data. If these data are considered in the context of point’s
location within region or different types of engineering-
geological structures of the Earth, we can get some regional
generalizations and regularities. Here are some examples of
educational tasks for students.

(1) What engineering-geological factors usually compli-

cate the construction of railways within orogens with
continuous permafrost?
To perform this task, student must make query in
GIS-project and create layer “Railways”, superimpose
it on a layer of “Engineering-geological megastruc-
tures of the Earth”, and choose railways that are
located within orogens with continuous permafrost.
Most likely, these will be certain railways in the
United States (Alaska), North-East of Canada, some
regions of Russia, etc. Complicating engineering-
geological factors can be found in the attributive table
and in additional files linked to each object. After
reviewing this information, a student should make the
final synthesis.

(2) What methods of engineering protection of historic
building from underflooding (waterlogging) are used
within young platforms with slightly moistened rocks?
This task is executed by the similar scheme.

47,656 66,489 Decmal Degrees

(3) What engineering-geological factors complicate the
construction of channels in Africa?

(4) Compare engineering protection of objects from
landslides in the coastal areas in Russia and China.

(5) Compare engineering-geological conditions and engi-
neering protection of hydropower complexes in UK
and in the European part of Russia.

(6) Compare experience in construction of tunnels within
carbonate formations in different countries?

A special complex of educational tasks deals with the
selecting objects-analogues (Fig. 5.1).
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Part i

Geoethics and Natural Hazards: Communication,
Education and the Science-Policy-Practice

Convener: Dr. Silvia Peppoloni—Co-conveners: Janusz
Wasowski, Giuseppe Di Capua, Tom Dijkstra, Peter Bo-
browsky, Meng Wang

Among the critical ethical issues faced by Geoscientists
and Engineers concerned with natural hazards (e.g., earth-
quake, volcano, landslide, and flood events) is the increas-
ing death toll and cost owing to rapidly growing population,
occupation of marginal/unsafe land, and misuse of land.
These problems are often aggravated in developing coun-
tries. Many natural disasters can be prevented and/or their
impact reduced. We must share and communicate our

Interface

knowledge more effectively with all private and public
stakeholders involved, paying attention to providing bal-
anced information about risks and addressing inevitable
uncertainties in natural hazard mapping, assessment,
warning, and forecasting. The search for balance between
short-term economic issues and wider social impacts from
natural hazards is an increasingly urgent need. The scope of
this part is to raise awareness on the above issues and foster
greater interdisciplinary collaboration that is needed to
fulfill our ethical obligations.
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Abstract

Geologists are becoming more socially involved professionals as their activities are
increasingly focusing on social safety, ensuring that societal interactions with the planet are
done in an environmentally friendly, safe and sustainable way. As a consequence, geologists
need to be aware of the ethical perspectives of their profession and this awareness is most
successfully enhanced through professional collaborations and a strong community.
Unfortunately, these are lacking in Bangladesh, largely as a result of only very few
geologists employed in a small subject sector that is much undervalued, partly as most people
perceive the local geology to be rather monotonous and the potential valuable contributions
of geologists not being appreciated. Still, there is much scope for geological sciences to
perform vital services in Bangladesh, from both a societal and an environmental perspective.
Geologists can serve other professionals such as agriculturists, economists, environmental-
ists, engineers, doctors, policy-makers as well as general people in a scientific way. Ensuring
that these services are developed appropriately requires a leading role of geoethics to provide

a relevant philosophical context and guidance.

Keywords

Bangladesh ¢ Development ¢ Geoethics ¢ Geoscientists * Society

6.1 Introduction

Geological sciences originate in an environment where it
was mainly seen as an outdoor science, focusing on remote
locations and the search for valuable materials. Recently,
however, geology has evolved more towards the realms of
social sciences, with activities directly impacting on society
making the work of geologists much more conspicuous
(Peppoloni 2012). Geologists are now dealing with the
safeguarding and well-being of societies in the face of
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natural and anthropogenic anomalies, alongside their more
traditional roles of discovering geo-resources for the
material comfort and development of humankind. This
orientation towards social sciences has recently led to rec-
ognition that there is a need to put their motivation and
dedication in the context of an ethical code of conduct
(Lucchesi and Giardino 2012). Compared to the rest of the
world, Bangladesh has a limited breadth of geo-scientific
work. It occupies one of the largest deltas (Fig. 6.1) in the
world and supports a large population (more than
160 million) at one of the greatest population densities,
globally. It does so with very limited natural resources and
has to deal with frequent, severe hazards resulting in
national-scale disasters—a situation which appears to get
worse as global climate and environmental change pro-
gresses. These hazards retard the economic growth and
development of the country in every possible way.

G. Lollino et al. (eds.), Engineering Geology for Society and Territory — Volume 7, 33
DOI: 10.1007/978-3-319-09303-1_6, © Springer International Publishing Switzerland 2014
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Fig. 6.1 Physiographic features of Bangladesh (Source Banglapedia and Wikipedia)
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In addition, a lack of proper geological and geotechnical
practice leads to widespread damage to infrastructure and
construction taking a heavy toll on both lives and liveli-
hoods. Therefore, sustainable development is a term that
makes much sense in the context of Bangladesh. To achieve
this, now more than ever, is the time for the Bangladeshi
geo-scientists to really contribute to the well-being of their
fellow countrymen and step forward with their service
offers. This can be best achieved through applying in a
meaningful way the vision of geoethics (Peppoloni and
Di Capua 2012).

6.2 Some Notable Features of Bangladesh

Bangladesh is a land of rivers situated in the tropics, in the
northeastern corner of the Indian Subcontinent in southeast
Asia. It occupies the Bengal Basin, which is one of the
largest sedimentary basins of the world. The basin accom-
modates a thick (+22 km) Early Cretaceous-Holocene sed-
imentary succession (Curray 1991; Curray and Munasinghe
1991). The country lies in the close proximity of two major
thrust bounded tectonic subduction zones; the Himalayan
subduction zone in the north and the Burmese subduction
zone (Maurin and Rangin 2009) in the east which form the
Himalayan orogeny (Alam et al. 2003) and Indo-Burman
orogeny (Rahman and Faupl 2003) respectively. The
country is bounded by low lying Tertiary hills in the north
and east. The rest of the country is mostly low lying plain
land drained extensively by the Ganges—Bhramaputra—
Meghna river system, which forms the world’s largest
fluvio-deltaic system, the Bengal Delta which is one of the
largest deltas of the world, ending up in the Bay of Bengal
to the south (Alam et al.). The Bay of Bengal hosts the
Bengal Fan, which is the largest submarine fan in the world
(Curray et al. 2003). The southern part of Bangladesh is
fringed by the Sunderbans, which is the largest mangrove
forest and only tiger mangrove land in the world (Manna
et al. 2010). This low lying subsiding plain of Bengal may
thus aptly called a land of water where the hazardous nat-
ural phenomena as landslide, flooding, inundation, cyclone,
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drought, frequent earthquakes, sea-level rise, saline-water/
sea-water encroachment, coastal erosion, river-bank erosion
(Fig. 6.2) etc. actively shape the livelihood and economy of
the country. Although Bangladesh is gifted with plenty of
natural resources as fresh water, fish stock, livestock,
grazing fields, agricultural resources, largest sandy coast-
line, largest mangrove forest, the progresses of the country
is consistently hindered by the disasters caused by the
natural hazards mentioned above. The situation is further
complicated by the high density of population of Bangla-
desh. Thus, an understanding of the low-lying deltaic sys-
tem is very important for the sustainable development of the
country taking the soft, subsiding landscape into consider-
ation in a background of changing climate and land sub-
mergence due to sea-level rise.

6.3  Problems Regarding the Professional
Reputation of Geoscientists

in Bangladesh

The influence of a particular subject area on the perfor-
mance of a society is very much dependent on the renown
of this field of study within a country, and how well it is
supported by an appropriate number of skilled professionals
of high repute and standing. Unfortunately, in Bangladesh
the field of geology as a scientific discipline is not that well
recognized, both among the general public and, more
importantly, also among the policy-makers. There are only
few professional geologists in the country and they are not
provided with sufficient power or influence to make sig-
nificant contributions to policy making. Although, individ-
ually, these geology professionals are very talented, these
talents are not recognized in their own country and many
have greater success when they go abroad for work or
higher studies.

Empirical observations and personal experiences have
revealed a rather unpleasant picture. The general public
does not have much knowledge of the science of geology;
often it is confused with ‘zoology’ as this sounds similar
and is one of the major scientific disciplines of the national

Fig. 6.2 Different hazard maps of Bangladesh (Source http://www.ldeo.columbia.edu/chrr/research/profiles/bangladesh.html)
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curriculum. When it is explained to them the general
interpretation is still one aligning it with soil science or
geography, rather than appreciating it as a scientific disci-
pline on its own. As a consequence, it is difficult to
approach the public from a geological perspective and
inversely, the people thus remain largely unaware of the
beneficial services that geological knowledge can provide.
Most frustratingly, it is not only the general public that has
this mindset. Also other professionals and policy makers
who may directly benefit from the services on offer by
geologists have demonstrated little interest in this regard.
This includes professionals such as civil engineers, public
health officials, agriculturalists, environmentalists, etc.

This situation may be partly explained by the lack of
opportunities to study geology in a national context. Geology
as a full-time course curriculum starts at the undergraduate
level and only three public universities (University of Dhaka,
Jahangirnagar University and University of Rajshahi), out of
almost fifty, offer geology degree courses. Although there are
many specialized universities and institutions for medical,
engineering, agricultural and other technical disciplines,
there are none for geology. There is not even one geological
institute—a very alarming situation. Even more alarming is
the situation that for some 50 years now private universities
are developing an increasingly strong position and none of
these offer geology as a full-time course. At best, some of
these universities offer highly specialized and commercially
viable topics such as disaster management.

The number of geology students is very small, only some
two hundred students graduate each year in a country of
some 160 million people. The limited appreciation of the
subject also limits the job opportunities on offer for our
wonderful topic of geology as the job sector is not that
flourished. This remains a self-reinforcing situation where
too few graduates are produced by a restrained academic
environment to make an impact on a job situation where
their skills are under-appreciated and where only the very
few can progress to attain positions of influence to change
the status quo.

Interestingly, the above situation could possibly be
related to the overall geology of the country. Bangladesh is
a low-lying deltaic plain that does not offer much in terms
of bedrock geology. Almost the entire country is covered by
recent alluvial deposits, amounting to some 82 % of the
land area. Some 10 % comprises Pleistocene terrace levels
and the remaining 8 % comprises an undulating landscape
with outcrops of sedimentary rocks of Quaternary age
(Islam and Uddin 2002). There are no volcanoes, no igneous
or metamorphic rocks exposed, no deserts, no ice nor gla-
cial activity. It is a rather small country with a monotonous
landscape, a monotonous stratigraphy and a poor economy
and this situation does not help in the development of a
flourishing geological science environment in a holistic
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way. As a result, where it is being practiced, geological
sciences have developed in rather idiosyncratic way, rather
than covering the full breadth of topics on offer. Thus, the
already small community is shrinking further and many
graduates and professionals prefer to study abroad and take
up employment there, rather than serve their nation.

6.4  Opportunities and Scopes: Not All

Hopes Are Lost

Recent issues, including environmental degradation, cli-
mate change and natural hazards have opened up new
avenues of research and study for geologists. This deltaic
lowland of large rivers and wetlands provides for extensive
river and aquifer systems that play critical roles in the
nation’s socio-economic, cultural and environmental con-
ditions. As a result, there is tremendous scope for the
application of hydro-geo-sciences such as hydrology,
hydrogeology and hydro-geochemistry. These major areas
of study still offer plenty of room for future development.

As a developing country, Bangladesh needs further
investment in infrastructure development. However, there
have been several recent incidents of buildings being
damaged or even collapsing (Fig. 6.3) due to limited or
even absence of appropriate geological understanding and
application of engineering geological practice (GSB). There
is thus a need to integrate these disciplines into general
development of the country.

Bangladesh is situated in the tropics and occupies an
active tectonic hotspot of the Indo-Burmese-Eurasian plate
junction. As a result it is frequently plagued by a number of
geo-hazards including earthquakes, landslides, floods,
cyclones, storm surges, river bank erosions, saline water
encroachments, coastal landscape changes, tsunamis etc.
and Bangladesh has long been known as a land of natural
hazards. Risk management (e.g. Fontana et al. 2012) and
disaster management (Parkash 2012) form the modern
developments of applied geological disciplines that need
appreciation in the context of Bangladesh. There is also a
lot of scope for further development of water resource
management and land resource management.

The country is suffering from river water withdrawal by
its neighbor and there are disputes concerning the maritime
borders (ITLOS). The resources and environmental quality
of the Bay of Bengal, to the south of Bangladesh, are yet to
be fully studied and appreciated. In these cases, geo-polit-
ical practices can play vital roles.

Medical geology is another important new development
that has great potential to address issues of public health.
Bangladesh experiences one of the largest outbreak of
arsenic contamination of the world (Kinniburgh and
Smedley 2001). Other health issues related to geological



6 Geoethics: Perspective Bangladesh

37

Fig. 6.3 Example of building collapse (Source The Economist)

causes can be well served by professional geologists trained
in medical geological applications.

A further area where geologists should find employment
is alongside social development professionals developing
proper resource management practices and disaster man-
agement/mitigation strategies. Proper resource management
is essential for a developing economy such as Bangladesh
that has a rapidly growing population and a relatively small
land mass. Furthermore, as an agriculture based economy,
there are plenty of opportunities for agricultural geological
work in Bangladesh.

That these opportunities exist is clear, but to make these
work in practice requires the coordinated efforts of geo-
scientists and professional in Bangladesh to convince pol-
icy-makers and communicate with the general public.
Moreover, as many of the above mentioned fields are multi-
disciplinary, there is an urgent need to communicate with
scholars and professionals from other fields. Geoethics can
play a pivotal role in this regard as it provides formal and
substantial value to the commitment of science for the
benefit of citizens and institutions (Peppoloni and Di Capua
2012).

The Possible Roles of Geoethical Values
in the Duties of Bangladeshi
Geoscientists

6.5

Bangladeshi geologists can benefit themselves from the
philosophies offered by geoethics (Graziano 2012) and the
Hippocratic oath for the geologist (Matteucci et al. 2012).
These highlight that there are other vital roles to fulfill well
beyond the professional arena. First of all, their learning and
appreciation of the vitality and practical application of their
profession in a social context will be highly beneficial.
Getting acquainted with and applying the ideas and values
of professional ethics and the duties and responsibilities
these carry for the well-being of their fellows will help
enhance their reputation. Communicating these with soci-
ety, including other professionals and policy-makers, in a
proactive way will help further strengthen the geologists’
professional dignity and honor. Geologists must endeavor to
create demands on their professional services among the
general public. A key point could be the issue of proper land
management and resource use (Badiali and Piacente 2012)
as the population of Bangladesh continues to grow rapidly
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against an increasingly constrained land resource. A balance
between these two conflicting drivers must be achieved to
sustain social, cultural and environmental harmony and
peace. Another demand of geoethics is that there should be
greater awareness among as many people as possible and
this demand can be addressed by involving the general
public through grass-roots education and the generation of
more geo-professionals.

The fact of taking care of the Earth is largely a duty of
geologists as they are the ones who pierce her for resources
and know the consequences of such activities along with the
effects of other natural and anthropogenic disturbances and
are capable of providing possible mitigation strategies. A
full appreciation of this duty is a must for them. So, they
should play the role to guide the society toward a safer and
sustainable future where geoethics comes to play with its
visions of responsibilities and ideals. It is up to the geolo-
gists to step forward and take the leading role where there is
a call of duty that stems from the teachings of geoethics.

6.6 Conclusion

Geology is no more a routine work and geologists are no
more just resource explorers. They need to serve the society
in every possible way and thus their duty spread beyond
traditional roles. This is a matter of mass awareness where
geoethics come into play and this is particularly true in the
context of Bangladesh.
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7.1
and the Web

Introduction: Information, Education

Stefano Solarino

Abstract

The statistics show that the number of people having access to the internet is growing
quickly, even in lower income countries. They also show that internet is becoming a source
for information, sometimes even the unique one, for many people, especially the students.
Blogs, discussions on social media, chats, virtual forums are to be considered public
interactions among people. They represent the newest and powerful way to “speak” in
public. Conversely to real life, where the selection of experts is made on the basis of
education and experience, in virtual “round tables” any surfer can express ideas or opinions.
In principle this is a tremendous piece of democracy but is it not trouble free. The identity of
speakers, their culture and skills are not pre-requisites and can anyway be mystified; the
bloggers often express personal opinions, manipulate (on purpose or in ignorance) the
information; they often propose for natural phenomena an alternative explanations that
comply with their political or social ideas; they often disregard the experience of other
people. In other words, the internet-era has made establishing trust an increasingly
complicated issue. All this is a clear offence to the ethics that denies voluntary or involuntary
manipulation of information, requires recognition of the professional competence, claims the
assumption of responsibilities, avoids conflict of interest, places emphasis on self integrity,
honesty and objectivity. In one sentence, ethics is the notably absent. In this study a few case
histories are presented to introduce a discussion on the possible solutions to gain more
geoethics on the internet. The conclusions lead to the assumption of responsibilities of the
scientists and a call to a more unbroken presence on the web.
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during all period. The amount of people accessing to the
internet is now about 40 % of the world population (blue
bars in Fig. 7.1). However the distribution of web users in

The number of internet surfers rose from 16 millions to
about 3 billions in the last two decades. Figure 7.1 (Internet
World Stats 2013) shows the increase per year and displays
that, although there have been peaks, the growth is steady
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e-mail: stefano.solarino@ingv.it

the world is rather proportional to the technological features
of the relative continent more than to the population, so we
may expect a different “geography” of the internet in the
next future, when the technology will offer the chance also
to less developed countries.

The reasons for this tremendous increment are beyond
the scope of this article, but it is clear that many different
variables other than technical evolution concurred to it. For
example the availability of web browsers on mobile
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Fig. 7.1 History and growth of
the Internet. Data extracted from
Internet world stats, 2013
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telephones and tablets made the internet more friendly and
easily available, but the decrease of costs for the connec-
tions and the establishment of wi-fi networks were also of
paramount importance.

It is also well acknowledged that in the last years there
has been a change of role of the internet users, that switched
from “spectators” to protagonists. In fact the birth of sev-
eral social networks has given the chance to the internet
surfers to interact with other users and especially to manage
their own blogs and thus share their ideas and knowledge.

A statistics (We are social, http://wearesocial.sg 2012)
shows that in Europe and North America almost 50 % of
the internet surfers have joined and actively take part to
social networks. Through the social media people can share
ideas, opinions, documents, knowledge in a very (too?) easy
way. In principle, the participation of “everyday” people to
discussions and forums is a great proof of democracy on the
one side and a good chance to enlarge perspectives, to
overpass physical boundaries (borders, language, distances,
cultures) and acquire knowledge on the other side. However
it must be remarked that this evolution (1) applies to a
virtual world (2) happened too fast, giving no time to
establish clear rules (3) is governed by technical aspects that
render it very different from previous forms of communi-
cation and cultural exchanges (4) does not require any
background; at present few, if any, educational institutions
teach the art of proper digital communication.

The internet is slowly substituting other classical means
of information. One key question is that the internet, con-
versely to a conference, a speech, a printed issue or a TV

broadcast, is active 24 h a day; thus the information con-
tained within the web pages (reliable or not) remain there
forever, can be reproduced or reintroduced unlimitedly, in
other words cannot be “physically” discarded.

At present there is no way to a priori discriminate between
good and reliable from bad and unreliable sources of infor-
mation on the internet. When searching for information, the
top sites are those that are most visited or the most appealing,
not necessarily the most reliable. Moreover, conversely to
what happens in real life where the selection of speakers is
made on the basis of skills and experience, in virtual “round
tables” on the internet the identity of surfers is often
unknown (nicknames are fantasy names and do not give
insights about the real identity). The culture and skills of web
surfers are not known or in some cases mystified; the blog-
gers often express personal opinions, manipulate (on purpose
or in ignorance) the information. They often searches for an
alternative explanations to questions or open problems that
comply with their political or social ideas; they often take the
chance to disregard the experience of other people.

All this is a clear offense to ethics, that denies voluntary
or involuntary manipulation of information, requires rec-
ognition of the professional competence, claims the
assumption of responsibilities, avoids conflict of interest,
places emphasis on self integrity, honesty and objectivity.
Anyone substituting a scholar in explaining the science
behind a natural phenomenon without having enough credit
or giving advises about how to be prepared for a natural
hazard without a consolidated experience commits an
offence toward the principles of ethics.
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In particular, it must be underlined that in Geoscience an
incorrect or partial information may also have consequences
on the safety of citizens. Adopting inappropriate behaviours
during an emergency may compromise the health or have
unwanted effects on the environment and on other people.

Unfortunately, on the web there are several evidences of
miscommunication. They also apply to projects above any
suspect, like Wikipedia in its original (but partly also in its
current) form, and to popular social media when the mod-
erators are not professionals.

In the following paragraphs a few case studies are pre-
sented to introduce a discussion on the possible solutions to
gain more geoethics on the internet.

7.2 A Few Case Studies

From what stated above it is clear that the world of digital
communication differs very much from standard forms of
information and fetches new and unprecedented issues. In
order to get the feeling and some evidences about the
problems all this bears a couple out of the many examples
of improper (from the point of view of ethics but not only)
communications on the web are here described. They are
selected on the sole criterion of being at the top of a search
for topics on the web, and they are not better or worse than
others. Finally it must be remarked that I am not against
these sources of information, but I believe that a caveat on
their use is necessary and should be firmly commended by
the scientific community.

7.2.1 Wikipedia

Wikipedia is the free internet encyclopedia written by
volunteers around the world. The history of the project is
thoroughly described on the web page http://en.wikipedia.
org/wiki/History_of_Wikipedia and references within. Here
I simply recall that the original project (Nupedia) was to
publish on the web an encyclopedia solely edited by experts
and with articles subjected to peer review. This organization
of the work proved to be too slow (in the first year only 12
articles were completed), so the project switched to vol-
untary contributions to be edited out with a specific soft-
ware on a platform open to any internet surfer. As of
September 2013, Wikipedia still allows anonymous editing:
contributors are not required to provide any identification,
or even an email address. This poses a major question about
the reliability of the information provided by Wikipedia and
especially it introduces the problem of vandalism (Solarino
2010). The discussion about the quality and reliability of the
articles published on Wikipedia is out of the aims of this
study; the topic has been reviewed by Wikipedia itself and

can be found on the web page http://en.wikipedia.org/wiki/

Reliability_of_Wikipedia.

It is noteworthy that people at Wikipedia know that the
information can be distorted or not totally reliable, as it is
shown by the long discussion about how to correct blunders
and incorrect information which reads in the web page
mentioned above. In my view, this is against the principle of
ethics. Moreover the discussion about the reliability of the
source reads the following sentence: It is the responsibility
of those who intend to use such a dynamically changing,
multi-authored source to ascertain the quality and reli-
ability of articles, and the degree of usefulness, misinfor-
mation or vandalism which might be expected, in order to
decide what reliance to place upon them. A helpful safe-
guard is always to reference Wikipedia accurately when it
is quoted to allow false or unreliable material to be iden-
tified and corrected. It is my personal opinion that such a
point of view is a pure offence to ethics for several reasons:
e it implies that the editor knows that there might be

mistakes and biases.

e itimplies that the reader (which is often a non-technical)
is able to recognize and discard the errors. Why should
then a reader search for information on any encyclopedia
if his/her skills are higher level?

e it denies the charge of responsibility that a regular editor
should assume by common sense and especially by law.

7.2.2 Earthquake-Prediction Sites

On the internet the surfers find quite a number of web sites
that announce next earthquakes in the world. Some are very
popular (www.quakeprediction.com; www.world-earth
quakes.com/index.php) and generally well designed; con-
versely some are very naive in appearance and based on
very imaginative theories (http://earthquake.itgo.com, pre-
diction of earthquakes using sunlight). It is out of the aims
of this paper to describe these sites in details and especially
the weak points of some of the methodologies their pre-
dictions are based on. I simply underline the many failures
in the field of ethics they show (not all these points apply to
all sites).

e they do not describe in details the methodology they use
for prediction, nor are they published in scientific journals.

e although they capture the attention of surfers with the
word “prediction” in both URL address and text, they
do not list predictions (since a prediction should contain
accurate information about exact time, position and
magnitude which are not shown on the sites).

o they state that it is the responsibility of the surfers how
they interpret the information published, while generally
speaking the charge to users is how they use the infor-
mation, that must be non interpretable.
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e they contain significant errors and dangerous sugges-
tions on how to behave. One of these sites, for example,
suggests to leave from a building during the seismic
shake to avoid aftershocks.

e they link to institutional scientific sites or contain
information taken from them, giving the fake idea to
surfers to deal with a scientific research agency.

7.3  Discussion and Conclusion

In the last decade the massive use of the internet has
introduced an innovative way to communicate, but it also
created unprecedented moral queries.

The revolution of digital communication cannot be
denied nor can the advantages it carries be forgotten. Get-
ting information from the web is a simple and fast issue,
especially nowadays that being on-line is cheap and easy.
An evidence is that digital encyclopaedia, blogs and the-
matic web sites are the most popular source of information
for students. In principle there is nothing wrong with it.
Digital communication is fast, always up to date and, thanks
to the hyperlinks, complete, but not always accurate, ethical
or trustable.

Earth scientists did not take active part in the recent
evolution of the web potentialities and are still not com-
pletely aware of the power of such a mean of information
There seems to be a big gap between scientific communi-
cation and communication on the web. Scientists used the
web, especially in early times, as a platform to publish data
and results rather than envisage a chance to interact with the
public. The gap between science and society has meantime
been fulfilled by non-scientists, mostly amateur people
practising science, endorsed by the massive spread of the
social media. They were able to conquer a big virtual
audience by designing appealing sites and giving the surfers
the chance to express their opinions by simplifying the
interaction among them. Any interested surfer can join a
virtual discussion: the attendees will simply focus on the
comments and not on the skills of who is posting them.

Often also scientific topics are discussed in blogs and
forums and this poses a big problem both in terms of geo-
ethics and disaster risk reduction. The information shared
by surfers may be not correct and biased by ignorance or
false beliefs but are often more attractive then the boring
and reliable science. In the human imaginary being able to
predict earthquakes is much more fascinating than learning
safety rules or be prepared on how to live with a potential
natural disaster. The idea behind is that if we would be able
to predict catastrophes we should not worry about the
occurrence of an earthquake or a tsunami because we would
apparently be able to avoid their consequences by
evacuating.

S. Solarino

Since scientists cannot make forecasts, they must be
blamed and are considered untrustworthy. All this distract
people from learning the main safety rules and lead them to
believe that public money spent on preparedness are was-
ted: these money should be spent on prediction studies.

As a consequence of what stated above, incorrect-
appealing information spread fast and are very difficult to
eradicate; the intervention of an “expert” in a blog or in a
discussion is often criticized more than necessary and it
sometimes leads to a denial of the correct information
because the audience does not trust in the bearer.

Murray (2010) in an article about new aspects of science
communication points out that “the current phenomenon of
bloggers should be of serious concern to scientists”; in fact
bloggers and scientists are two separate entities. “Scientists
who also blog apparently do not exist”. With the mega-
phone of internet bloggers (but I extended this sentence to
all internet active surfers) can reach a much larger audience
and this magnifies the problem in assessing credibility.
Writing can be done for any purpose (political, religious,
business) without the constraint of truth. And of ethics, I
add.

The analysis of Murray dates back to 4 years ago; things
slightly changed meantime. Nowadays some science
scholars do write on blogs (www.wired.com or www.
science20.com, for example; the latter with a full section
devoted to Earth Sciences) and many others cooperate with
Wikipedia editors to improve the quality of scientific topics.
However these improved versions of blogs and virtual
encyclopedia are designed and have contents suited for
other scholars than for the non-scientific population. In fact
a part of the comments in the blogs are from other scientists
sharing their personal experience and discussing the content
of the article of the blog itself. Most of these blogs were
born to host articles and discussion from experts and are
organized like scientific journals. They have the worship to
have opened scientific discussion to the world outside the
scientific environment but are not yet ready to be considered
of public domain. They make “everyday” people feel shy to
interact, and although they are partly contributing to good
communication and dissemination of scientific topics, they
also partly contribute to reinforce the wall between science
and society.

It seems that Murray’s sentence about “the separate
entities” is still valid since in principle blogs by “normal”
people are not attended by scientists and viceversa.

The problem of assessing reliability on the web is not
easy to solve. A more serious assumptions of responsibili-
ties must be carried on by the scientific community. The
task is not easy, due to the huge number of information
available on the web. One possible solution to ensure
trustable origin of information would be to mark reliable
sites (like USGS, CSEM, IRIS, NOAA and so) with a
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special icon (like that used for SSL transactions) or better to
establish a dedicated www domain. The agencies quoted
above already use a specific domain (.gov, .org) that indi-
cates the belonging to governmental institution or the non-
profits, but their use has a different meaning than presenting
the relative web sites as reliable or scientific sources.
Sometimes belonging to one of these domains may even
appear negative to people in bad faith. Moreover, the .org
domain has lost its original meaning, it is now used in
several environments and does not even have any real
restriction to registration.

The use of a devoted domain (e.g. .sci) would instead
flag specific requirements and aims. Of course the right to
use this domain would be released only upon accreditation,
like it happens for the .edu domain, to entitled scientists.
The public should of course be educated to utilize the sites
flagged under these domains prior to any other source of
information. The blogs should be moderated by the sci-
entists or better by surfers under the supervision of sci-
entists; the articles within the sites should be aimed at
showing that science rules many of the aspects of everyday
life; the topics treated in these sites should have a direct
link to practical aspects; the main message should aim at

convincing people that science has limits and that knowing
how to behave in emergencies is the best life saving
device.

Eventually, educating public to “virtual” ethics should
start from educating it to find the right and reliable infor-
mation; to teach to wonder about the reliability of sources,
to persist in the effort of making bloggers and surfers to
adopt the principle of ethics; to avoid that hidden wishes,
like the chance to predict earthquakes, cancelled common
sense. It also will require scientists to have more availability
toward the educational projects on the internet; but most of
all to establish a better, new relationship with the web.
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8.1 Introduction
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Abstract

Many professions have codes of conduct or deontological rules, but geoscientists dealing
with natural hazards have been working on their own in the last decades not yet completing
the task. A series of recent natural hazards that have hit the society in several parts of the
world have made the call. Deontology is one of the main ethical decision-making approaches
for driving actions leading to what is moral/ethically correct. To contribute with the
construction of such a code, we present a road map to formulate this code based in the
question-driven approach. Some considerations may be presented as guidelines: (a) it cannot
be designed to the self-protection of the geoscientists but to safeguard society and the
environment (even if it will contribute to); (b) it has to be constructed collectively; (c) it
requires deep changes in educational systems, better preparing the citizens to deal with some
scientific concepts. Without (c), (a) and (b) would not be enough. In addition, in constructing
a geoethics code, we have to consider the three periods in the time-line of an extreme event:
before, during, and after. Each period has particularities that will indicate different actions
and conducts. Finally, the code, constructed collectively among practitioners, cannot be just a
collection of “steps to be followed” but a real bridge between the moral consequences of
being the privileged small part of the society who hold the scientific knowledge and the full
society and the environment, for which we use to say we work for.
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actions. This need has been widely exposed by a series of
natural hazards that have hit the society in several parts of

While many professions have well established codes of
conduct and/or deontological rules, geoscientists dealing
with natural hazards have perceived the need of construct-
ing one in recent times due to the consequences of their

E. Marone (IX))
Centro de Estudos do Mar da UFPR/IOI, Parana, Brazil
e-mail: edmarone @ufpr.br

L. Marone

Ecodes IADIZA—Consejo Nacional de Investigaciones
Cientificas y Técnicas—FCEN UNCuyo, Mendoza, Argentina
e-mail: Imarone@mendoza-conicet.gob.ar

the world. Deontology is one of the main ethical decision-
making approaches for driving actions leading to what is
moral/ethically correct (Mitcham 2005). The relevance of
deontological ethics to issues in science and technology is
not obvious, mostly because proper scientific knowledge, in
most practical cases, is constructed trying to following the
epistemological “knowledge that” and when, and if, arriv-
ing to the “knowledge how”, and because the communi-
cation is done mostly using academic language for targeting
peers or colleagues. In such a sense, it seems that the
(mis)concept under which the scientific knowledge is
independent of moral considerations has helped obfuscating
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the intrinsic nature of why we do science and, mostly, how
and to whom we communicate our discoveries.

The fact that our moral duties are not universal and
unconditional constraints of universal practical reason does
not forgive us for not following proper rules of duties (and
being accounted for not doing that).

The point here is that we, geoscientists dealing with
natural hazards, do not have such a deontological code and
the need for it is painfully urgent. We do recognize that
codes of ethics have been established for geosciences in
different places by organizations, scientific societies or
group of researchers IUGS 2014; CONFEA 2014; CPRM
2014; CSPG 2014, etc.). However, the case of Natural
Hazards is so specific that needs its own rules. It is about
that we will present our case.

8.2 The Base-Lines

An ideal geoethics code regarding science of natural haz-
ards has to define right actions in terms of duties and moral
rules, focusing on the rightness of the acts and not just on
what results from those acts. The crucial point is that right
action is required, and that the goal of moral behaviour is
that it is performed. The code cannot consist in just a list of
duties and rules, but the list has to be put forth as instru-
mental for competent or even excellent conduct.

The main reason to construct the code has to be the
rightness of the actions and, at any cost:

(a) It cannot be designed to the self-protection of the geo-
scientists but to safeguard society and the environment.

Obviously, the proper deontological code will help to
protect the right actions of the geoscientists, but it is neither
morally nor ethically acceptable to construct it “ad
personam”.

In spite of the discussions on duties or rules are often
quite abstract and sometimes address personal morality,
hence seeming ill suited to deal with broad and complicated
questions in technical fields like those of geosciences, the
deontological code for geoscientists in the case of natural
hazards is a real need and cannot result in a sort of con-
tradiction between words and deeds.

(b) It has to be constructed collectively.

The code has to be collectively constructed among
practitioners and cannot be just a collection of “steps to be
followed” but a real bridge between the moral conse-
quences of being the privileged small part of the society
who hold the scientific knowledge and the full society and
the environment, for which we use to say we work for.

Natural hazards embrace many branches of natural and
social sciences, not only those traditionally included under
the wide umbrella of geosciences. If we consider the task
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objectively, any well-prepared individual scientist could
embrace the challenge and emerge with a good code after
some hard work. However, geosciences comprise so many
areas, and the science behind natural hazards so many
others, each one with their own peculiarities, that it will be
wise to have a diverse group of scientists to enrich the range
of the code and to avoid substantial bias. On the other hand,
the bottom-up approach is always useful in any case where
the rules being proposed will have to be followed by a great
number of people. Additionally, as much wider the sense of
parenthood of the rules one may have, the greater the
acceptance of the rules will be among the community.

8.3  The Main Reasons

Many groups, at all levels, have already defined their
deontological codes (being the Hippocratic Oath in medi-
cine the best known). In geosciences, several countries,
national or international associations, etc. have developed
similar codes of conduct (which are available online as
cited before: IUGS 2014; CONFEA 2014; CPRM 2014;
CSPG 2014; etc.). These already existing codes of ethics
are important for any geoscientist, even in the case of
natural hazards, and they serve as a general umbrella. Such
initiatives, however, do not deal usually with the speci-
ficities related with the natural hazards situations we would
like to develop herein. Due to the particular characteristics
of natural hazards, we would like to show that they could
not be enough. It is time to come with a code for geo-
scientists dealing with natural hazards, as being proposed
by scientists and associations like the IAPG-International
Association for Promoting Geoethics (Matteucci et al.
2012).

The connection between duties and our practices in
geosciences seems to be hard to grasp, and deontology can
and should play an important role (Martinez-Frias et al.
2011), particularly if we consider that the consequences of
not following best practices are often impossible to antici-
pate and very difficult to repair at the real world.

In addition, we have the “imperative of responsibil-
ity” (Jonas 1984), mandatory for creating new formulas
of duty because traditional ethical theories could not be
enough in the task of protecting the human species in
light of the power of modern technology, capable of
producing irreversible damage to the geosphere and
hence to the environment and the human species. Thus,
regarding natural hazards, we have to consider widening
the concept to the same threats (earthquakes, storm
surges, hurricanes, landslides, floods, etc.) when man
induced or potentiated, because we owe something to the
next generations.
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8.4 Communication Issues

At the same time we have to radically change the way we
communicate with the external (and real) world out the
academy: The media, the stakeholders, the governments,
NGOs and the most important part of society, the citizens. It
is real that the pressure for publishing in the academy has
been increasing in recent years and that an uneven weight is
given to those works presented in scientific terms compared
to those in plain words. One of the consequences of that is
that we developed a new language (we could name it
“scientifish”), which is particularly appropriate to com-
municate among peers, but mostly useless outside the
academy.

Nevertheless, not all is a fault of the scientists. In spite of
Albert Einstein worry about the “miracle that curiosity
survives formal education” at the first half of the 20th
Century, it seems that the second half served to deactivate
the curiosity at any cost, dispreparing the youths to deal
with classical concepts as uncertainty, critical thinking,
reflexive behaviour or the intrinsic limitations of scientific
knowledge, and so on.

The construction of a deontological code for geoscien-
tists dealing with natural hazards will not be a fully oper-
ational tool if we do not alert and prepare society into a new
educational model.

We scientists have to learn to better express our dis-
coveries in plain words, but it will be necessary to review
the education and social models today in place too. We have
to offer the youths with intellectual tools needed to under-
stand not only the “knowledge that” (as in the advertise-
ment of a smartphone: it could help you to find the nearest
restaurant), but also the “knowledge how” (why and how it
will help you). It requires deep changes in educational
systems, better preparing the citizens to deal with concepts
of scientific prediction and forecasts, the errors associated
with any scientific procedure and concepts like recurrence
times, resilience, preparedness, scenarios, precision versus
accuracy, precautionary principles, moral and ethics,
although not with a patronizing approach.

(c) It requires deep changes in educational systems.

These changes are needed at all levels, training the youth
at schools to understand some important scientific and still
classical concepts and, at the university level, training the
future geoscientists to follow some rules of conducts and to
interact properly with the non-scientists when communi-
cating their discoveries.

All practitioners should realize that the base lines (a)
and (b) above are the piers of the arch that will support the
deontological code; however, (c) is as important as the
keystone of that arch.
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8.5 Time-Lines in Natural Hazards

In addition, in construing a geoethics code of conduct, we
have to consider the three periods in the time-line of an
extreme event: before, during, and after. This peculiarity is
the main reason that differentiate a general code of ethic for
geoscientists and the one needed for their actions regarding
natural hazards. Firstly, we have to ponder how to better
delivery the scientific knowledge to the society, making
readable for non-scientist people results of studies on the
topics of early warning, the assessments of risk and vul-
nerability, scientific forecasts and their meaning, particu-
larly regarding accuracy and precision. Only on that way we
will help the society to have access to the best available
(and readable) information to abet them to be organized
against natural hazards, building preparedness and social
and environmental resilience.

During the second and third moments, the most critical
ones, geoscientists have to put their knowledge at the ser-
vice of society and the environment, and not at that of a
particular group, avoiding to be caught in the spiral of chaos
that use to prevail during the course of and following
extreme events. In these cases, many agencies (UNDRO,
UNOCHA, Red Cross and Red Crescent, governments and
NGGO:s, etc.) have well established rules of engagement and
procedures which could be used by geoscientists on the way
to their own deontological code.

8.6 The Question-Driven Approach

In Table 8.1 we include several questions that need to be
answered in the way of building the geoscientists’ deonto-
logical code related with natural hazards. As mentioned
above, the proper answer could be different if the questions
are formulated before, during or after a natural hazard, and
therefore they have to be considered separately for every
stage.

Although we have some tentative answers to these
questions, we believe that responding them has to be a
collective exercise, and we left it as a way of inciting the
geoscientist community to go beyond.

Some general questions for preparing a deontological
code have been already formulated and can be used to
initiate the process (Mitcham 2005):

e What is the content of duty?

e  Which rules direct us to morally right actions?

e Why must we follow exactly those duties and rules, and
not others?

e What grounds them or validates them as moral
requirements?



48

E. Marone and L. Marone

Table 8.1 Questions to be answered in order to produce a code of duties for geoscientists dealing with natural hazards

Questions to be answered for a code of geoethics on natural hazards
How much knowledge we have on a particular natural hazards?
How certain we can forecast a given natural hazards?

How highest is our degree of precision and accuracy?

What has to be the approach in relation with authorities?

What has to be the approach in relation with the media?

What has to be the approach with agencies/NGOs/Media?
What has to be the approach in relation with the stakeholders?
What has to be the approach in relation with the citizens?
What new education approach needs to be constructed?

What is the best way to communicate or scientific knowledge?
Who have to be the target of this communication?

What are the core duties of the researchers?

Other questions

e What is the logic of these duties or rules?
e Can their claims on us be delayed or defeated?
e Can they make conflicting claims on us?

8.7  Conclusions to Move to the Code

The foundation of the code for geoscientists dealing with
natural hazards has to be linked with the higher ethical
concept that the Earth is a common heritage of humankind.

We propose a basis and a methodology to construct a
deontological code, through a question-driven exercise. We
suggest the code has to consider three periods (before,
during and after a natural hazard) to properly address all the
necessary issues.

The success of this construction, first, and during its use and
application, after, will depend on following some guidelines:
(a) It cannot be designed to the self-protection of the geo-

scientists but to safeguard society and the environment.
(b) It has to be constructed collectively.
(c) It requires deep changes in educational systems.

Even if (a) will safeguard the right actions of geoscien-
tists, it cannot be constructed properly just as a protection
umbrella. This shelter will be a natural consequence, but it
should not be the reason for doing a code.

It could be wise if some well-respected international
organization is tempted to form an ad hoc team with the
highest diversity of members to ensure (b), as a condition to
produce a deontological code with the widest foundation
and consensus.

Before During After
? ? ?
? ? ?
? ? ?
? ? ?
? ? ?
? ? ?
? ? ?
? 9 2
? 9 2
? 9 2
? ? ?
? ? ?
? ? ?

Finally, the right actions of geoscientists dealing with
natural hazards, even after the construction of the best of the
codes, will still have barriers that cannot be overcome if the
society does not realize (c). The educational systems should
prepare the citizens to better understand certain concepts,
recovering some of the classical philosophical ones and
promoting the curiosity that leads to the “knowledge how and
why”, because the utilitarian behaviour we see nowadays is a
result of the conformism that moves the society to consider the
“knowledge that” as the end of the road to happiness.
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Appiotti Federica, Eleonora Gioia, Gabriella Speranza, Maurizio Ferretti
and Fausto Marincioni

Abstract

Climate change confronts human society with a variety of new challenges. Among the various
hazards in prospective scenarios, there is an increasing pressure on soil due to climatic
variations, effects and impacts. This paper offers a perspective in the debate about science-
policy-practice interface, about climate change and emerging hazards, analyzing a 50 years’
time-series of the Marche Region’s (central Italy) meteorological data and perception data.
The analysis of meteorological data highlights a significant increasing trend in temperature
both annually and seasonally, and a significant decreasing trend in daily precipitation in all
seasons except autumn, which are causing a reduction in soil water availability. Moreover an
historical analysis on the number of the regional landslides shows an increasing trend in the
number of shallow landslides in the last 30 years. The perception data where obtained through
the analysis of approximately 800 questionnaires carried out in the Marche Region in May—
June 2011 to residents, policy makers and emergency managers. The analysis of question-
naires revealed a high awareness of climate change and apprehension about it causes and
possible effects. Moreover the analysis highlights a differentiated concern about the increase in
the number of landslides and their socio-economic impacts among the three groups. This could
be due to an ineffective information exchange among scientific community, public
administration, emergency managers and citizens. Therefore, we suggest that the “brokerage”
role of the Civil Protection Agency in the information exchange process should be increased.
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and risks. People’s predisposition to adopt personal mitiga-
tion and adaptive strategies to face with climate change, and
to support the government to do likewise, is not influenced
by the real emerging risk but by people’s perception of it
(O’Connor 1999; McDaniel et al. 1997). The perception of
current changes and emerging risks are strongly related with
the transfer of information about the risk, for example direct
and indirect communication, personal knowledge of cause
and consequences, past experiences, and to the response
mechanism of society (Kasperson et al. 1988).

Thus, in order to deal with climate change effects is
essential to increase people knowledge about the problem,
enhance communication and knowledge transfer, reduce the
existing gap between scientists and practitioners and, above
all, strengthen the information network among all the
stakeholders involved (Adger 2003; EEA 2008; Kasperson
2011).

The aim of this study is to highlight the current clima-
tological trends in the Marche region (central Italy), resi-
dent’s perception of the phenomena and the in- formation

Table 9.1 Climatic characteristic, in terms of mean temperature and
precipitation, of the different regional geomorphologic zones

Mean annual
precipitation (mm/year)

Mean annual
temperature (°C)

Coastal 15 600-800
Valley/low hill 14 850/1000
High hill/mountain 13 Over 1000

Murri and Fusari (1987)

Presence, direction and
significance of the trend
A <0.001
A <001
< 0.05
<0.1
not calculated
not significative
<01

<0.05

< 0.01

< 0.001

dddq4 e pp

Fig. 9.1 Tendency of annual minimum temperature (a) and maxi-
mum temperature (b) over the period 1960-2009 calculated using
Mann Kendall statistical test and mapped using GIS. Triangle

exchange. This is made in order to identify if and where are
the main gaps that slow down the risk reduction and climate
adaptation processes.

9.2  Study Area and Methodology

The area selected for this study is the Marche Region,
located on the East coast of central-east part of Italy, with
a total surface area of 9,366 km? and 1,565,000 residents.
The region is bordered on the east by the Adriatic Sea and
on the west by the Apennines mountains.

Due to its geologic composition and climate variability
the Marche Region is characterized by a high flood and
landslide hydro-geologic hazards; 14.8 % of the territory is
exposed to landslides (Grassi et al. 2009). Proceeding from
East to the West is possible to subdivide the region in three
different climatic and geomorphological zones: coastal,
valley and low hill, mainly composed of clayey sand-stone
sediments, and high hill/mountain, with a large part com-
posed of massive limestone. From a climatic perspective
each of these zones shows different temperature and pre-
cipitation trends (Table 9.1). Autumn is the most rainy
season with the exception of the third zone (high hill and
mountains) where the rainy season is winter (Grassi et al.
2009).

Local climate trends over the last 50-year period
(1960-2009) were studied collecting daily temperature and
precipitation data from 21 and 61 regional stations respec-
tively distributed across the study area. The data were

Presence, direction and
significance of the trend

A <o0.001
<0.01
< 0.05
<01
not calculated
not significative

<0.1
<0.05
< 0.01
< 0.001

dd<4dge >pp

direction and size are related to trend direction and significance
respectively
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selected on the base of general criteria used by the European
Climate Assessment and Dataset (ECAD). Time series were
investigated using the Mann-Kendall statistical test (Mann
1945; Kendall 1975) considering four different significance
levels. The results of trend analysis were then mapped using
GIS software.

Conversely, the perception of climate-change risk among
the local residents, policy makers and emergency managers,
was studied through interviews and questionnaire distrib-
uted using a purposive stratified sampling method (Stalling
2002). All collected data were analyzed using qualitative
and quantitative methods.

Presence, direction and
5|an|g icance o? the trend
A <0.001
A <001
<0.05
<0.1
not calculated
not significative
<01

<0.05

<0.01

<0.001

>

<4 e

Presence, direction and
sirgnf icance o? the trend
A <0.001
<0.01
<0.05
<01
not calculated
not significative
<01

<0.05

<0.01

< 0.001

Q<A< e BBy

Fig. 9.2 Tendency of seasonal precipitation over

the period
1960-2009. a Winter; b Spring; ¢ Summer; d Autumn calculated
using Mann-Kendall statistical test. Seasons have been divided

9.3  Results and Discussion
The statistical analysis conducted on annual maximum and
minimum temperature shows a statistically significant
increasing trend in almost all the available stations
(Fig. 9.1). The increasing trend of temperatures is statisti-
cally significant also at seasonal level. Seasonally, spring
and summer show the higher level of confidence in positive
trend definition.

The statistical analysis of precipitation data highlights a
significant decreasing trend both annually and seasonally,
with the exception of autumn (Fig. 9.2). As a matter of fact

Presence, direction and
significance of the trend
A <0.001

A <o0.01

not significative
<041

<0.05

<0.01

<0.001

<< e B p

Presence, direction and
significance of the trend
A <0.001
A <001

not significative
<0.1

<0.05

<0.01

< 0.001

<A< e B p

considering J-F-M as winter season. Triangle direction and size are
related to trend direction and significance respectively
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the results show that no station in autumn has a significant
trend either increasing or decreasing, while, winter seems to
contribute mostly to the decrease in annual rainfall. Com-
bined, the temperature and precipitation data analysis shows
that the region is affected by significant temperature rise,
especially in spring and summer, jointed with a significant
reduction in rainfall amount except for autumn season.

The landslides statistical analysis is referred to the years
1980-2010 that represent the longest consistent period of
landslides’ reports available at the Regional Civil Protec-
tion. In the 1980-1990 decade almost all the landslides were
triggered in winter, whereas in the next decades we noticed
a progressive homogenization in the period of initiation
(Fig. 9.3). Landslide distribution over the three studied
decades appears to be correlated with rainfall data (Gioia
et al. 2013). As a matter of fact, we log increasing number
of landslides while recording decreasing amount of rainfall;
possibly this is related to the increased number of the high
intense precipitation phenomena (Appiotti et al. 2013).

Regarding the perception of climate change risks, causes
and potential effects, the analysis of interviews and ques-
tionnaires shows little differences among the three identified
groups and a widespread awareness about the topic. 91 % of
interviewed citizens affirm to currently observe the local
effects and consequences of climate change such as an
increasing number of extreme weather and hydro-geologic
events. 85 % of respondents believe that the climate changes
will significantly affect their life, and the 12 % of them
stated that this will be in terms of landslides hazard increase.

The analysis of policy makers’ answers reveals a con-
sistent evaluation of socio- economic consequences of cli-
mate change in the local territory related to extreme weather
events, floods and landslides increase. 15 % stated that will
likely be an increasing frequency of heavy precipitations
and 12 % of landslides. However this concern is not
translated into concrete activities, as the identification of
potential future risk scenarios, long term planning or public
awareness programs.
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Fig. 9.3 Number of landslides occurred in the Marche region since
1980 up to 2010 during the different seasons
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Emergency managers on their own revealed a good
perception of what will be the future local impacts of cli-
mate change, especially in terms of increasing pressure on
the response emergency system. This group feared land-
slides more than the other two groups; 14 % of responding
emergency managers identified land- slides as one of the
main local climate change effects. This is consistent with
physical studies of exposure and vulnerability. In spite of
this relatively accurate perception of climate change risks,
confusion emerge about who should do what; who is
responsible to manage and mitigate climate risks? Finally,
the analysis of questionnaire data highlighted also a good
exchange of information and knowledge between the pop-
ulation and the Regional Civil Protection system, and a
rather weak exchange between the population and the sci-
entific community.

9.4  Conclusions

Considering the multidimensional and multidisciplinary
aspects of climate change, along with the great uncertainty
connected with the global and local effects of this
phenomenon, it is fundamental to develop a key figure
(individuals or organization) capable to interface and bridge
science, policy and practice. An effective communication
channel between institutions and citizens could enhance a
participative network capable to identify and pursue com-
mon goals in terms of climate risk prevention and
adaptation.

In Italy such interfacing figure is partly performed by the
Civil Protection System, which connects policy, science and
practice in complex situations. Indeed, creating or rein-
forcing the authority of a local Civil Protection figure could
enhance communication and climate-change risk knowl-
edge exchange. Moreover, assuming such an information-
brokerage role, the local Civil Protection System could
increase citizens’ trust and sway sounder climate risk
reduction strategies.
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Stefano Solarino

Abstract

The purposes of communication range from simple transmission of information to motivation
of people to act, to giving advises, suggesting actions or, in particular circumstances, even
giving orders and directions. Often any of these targets needs intermediate steps, with the
distinct or integrated intervention of more “experts” or communicators, but generally
speaking these aims are independent and achieved separately. In either cases for each aspect
there is an “expert” who has the knowledge, the experience and possibly the power to carry
out the relative duty. Boundaries must be then designated to make sure that any speaker deals
with his/her own expertise and does not interfere with the others’. Failures in doing this turn
in a bad-incomplete-ineffective-inaccurate or even wrong communication. The recent grow
of interest of the public towards Geoscience increased the need for information and, as a
consequence, the episodes of bad communication. In this presentation I discuss whether
ethics may represent a tool to fix boundaries between spokesmen and be used to avoid
interferences. The subject is complicated by the nature of ethics, that applies to the moral and
not to the rational behaviour; but there are other aspects that render the discussion intricate,
including the different principles of ethics for every kind of communicator and the fact that
the concept of ethics, and its principles, must be flexible (since it somewhat depends on the
circumstances). The results of the analysis described here can be briefly summarized as
follows. The fundamental principles of ethics would probably be enough for distinguishing
an appropriate conduct and achieve a fair communication; unfortunately the personal
expectations, the fear to appear unprepared, the desire for greater visibility and the
unconscious will to be more helpful than the situation would require make communicators to
fail some of their ethical obligations. Moreover, the emergency conditions, the difficulty of
having available many speakers from different fields, the strict time for communication, the
pressing demands of the media make much more difficult to strictly follow the ethical
principles. In my view, the main deviation from ethics is when the speaker expresses personal
opinions; this is quite normal for a scientist presenting his/her study within a workshop or a
scientific meeting, but becomes dangerous when presented in public. It is even unfair for
journalists or politicians. It becomes very harmful if uttered from media entertainers. And,
above all, this failure affects one of the main obligations common to all ethics, a sort of root
of moral behaviour, that is to ensure impartiality.
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10.1 Introduction

Geoscience is probably the branch of Science where com-
munication has the most numerous actors. This is a direct
consequence of the fact that the results in this field may
have a significant impact on everyday life. A strong earth-
quake, a major volcanic eruption or a destructive tsunami
are at the same time scientific, political, economic issues,
and then of great interest for the media too.

As in other disciplines, the purposes of communication
range from simple transmission of information to motiva-
tion of people to act, to giving advises, suggesting actions
or, in particular circumstances, even giving orders and
directions. Often any of these targets needs intermediate
steps, with the distinct or integrated intervention of more
“experts” or communicators, but generally speaking these
aims are independent and achieved separately. In either
cases for each aspect there is an “expert” who has the
knowledge, the experience and possibly the power to carry
out the relative duty. For example, scientists can make
formation and contribute to the knowledge of citizens about
natural phenomena; media entertainers or sociologists can
increase motivations for particular actions or behaviours,
politicians can set up rules or laws and describe their con-
sequences on the society or simply argue about the rea-
soning behind their establishment. Boundaries must be then
designated to make sure that any speaker deals with his/her
own expertise and does not interfere with the others’.
Failures in doing this turns in a bad-incomplete-ineffective-
inaccurate or even wrong communication.

The recent grow of interest of the public towards Geo-
science, caused by the great amount of natural phenomena of
the last decade, increased the need for information and, as a
consequence, the episodes of bad communication. Journal-
ists, for example, often manipulate information mainly
because they do not have the culture to understand the sci-
ence behind the occurrences but also to increase the impact
of the news; media entertainers select and insist on aspects
that are more familiar to them or offer more chances to use
their oratory experience, and the consequences are to place
emphasis on secondary aspects of the natural phenomenon
or to distract the audience from the main safety cunnings.

The worst situation comes up in emergency conditions,
when most of the aims of communication should concur to
the final and hopefully life-saving action/decision. In fact in
such a situation there is the need to inform, motivate, sug-
gest and sometime order to the public, all in a very short

S. Solarino

Media

time and to a very broad audience. Recent episodes showed
that in many cases there has been great interference among
all actors of communication, with severe consequences for
the society.

In this presentation I discuss whether ethics may repre-
sent a tool to fix boundaries between spokesmen and be
used to avoid interferences. The subject is complicated by
the nature of ethics, that applies to the moral and not to the
rational behaviour; but there are other aspects that render
the discussion intricate, including the different principles of
ethics for every kind of communicator and the fact that the
concept of ethics, and its principles, must be flexible (since
it somewhat depends on the circumstances).

10.2 Are There Rules for a “Good”
Communication ?

The “normal” flow of communication for natural hazard is
intuitive, even from the point of view of ethics: scientists
study the problem, find results and describe the phenomenon.
They report to other colleagues in a scientific and technical
language (in meetings, workshops or personal communica-
tions) and get comments to improve. When they believe to
have achieved an interesting and sound result, they publish it
in a scientific journal. The peer review ensures objectivity,
quality and performance. After the publication scientists are
allowed to present their findings to the public (intended as
citizens, media, politicians). This way of conducting
research and communication is ethical. By doing this the
scholar ensures himself not to have any overlap with studies
already existing or in progress and gets hints on possible
errors and future developments of the research.

Some slight differences can apply. For example a sci-
entist can describe to the public the aims of a research
before or during its development, the methodology applied,
the innovation of the approach; he or she even can, under
certain conditions, dare to describe preliminary findings
provided that the audience does not use them as they were
definitive. In the last case the border between “ethical” and
“non-ethical” is very thin.

In the last years, there have been numerous cases of
scholars that presented their results to the public without
any previous scientific acknowledgement. They were
sometimes facilitated by the internet, the role of which is
discussed in another paper of this volume (Solarino 2014).
In most cases they are amateur scientists; their experiments
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were not conducted in a rigorous way and are sometimes
non repeatable.

In the next lines I will describe a few examples without
any will to judge the reliability of the scientific methods
used to obtain the results. My aim is only to underline
miscommunication and the possible problems that may
arise from an incorrect dissemination and use of the
information.

Earthquake prediction is one of the topic where incorrect
or inappropriate communication is present most. In early
2011, rumours sparked that the town of Rome, Italy, was
going to be hit by a strong earthquake the following May.
This news had no scientific fundaments, although it was
supposed to be a prophecy by an amateur seismologist,
Raffaele Bendandi who was quite well known for having
apparently predicted other earthquakes in Italy (Georgiadis.
and Pescerelli Lagorio 2012). A description of the studies
conducted by Bendandi is out of the aim of this paper,
however it is acknowledged that his past prophecies were
too generic to be considered real predictions and that the
quake in Rome was not even mentioned in his papers.
However the announcement was quickly disseminated, with
the cooperation of newspapers and tv but especially through
the internet. Although the scientific community did its best
to convince people that the prophecy was fake, and that no
prediction is feasible, there has been a lot of confusing
information that lead some 18 % of employees not to go to
work on the “disaster day” and many citizens to leave the
town for that day. This is clearly a case of miscommuni-
cation where media played an important role and contrib-
uted to the false alarm by giving a similar credibility to the
scientific community and to the prophecy of unknown ori-
gin (Nostro et al. 2012). It is also evident that media were
reporting the news with the aim to attract a certain attention
of the readers without really caring about the consequences
of their actions.

Everybody probably remembers the date 21/12/2012.
That day was supposed to be last the last day of our planet,
according to a Mayan prediction. The news was present on
all media worldwide since the end of summer 2012; many
internet sites were born to explain how to survive to the
disaster or how to build a properly resistant structure. There
was no real agreement about what would have caused the
end of the world: a meteorite impact according to some, a
catastrophic earthquake or a giant tsunami according to
some others. It is surprising to realize that there was no real
agreement even on the source of the prophecy, but for the
time being nobody seemed to realize that. Again, media
played a fundamental role in spreading out the news, and
the scientific community was not able to defeat this fake
prophecy. This happened also because the “enemies” were
much stronger, like the movie “2012” that, released
worldwide a month before the catastrophe, contributed to
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the idea that we were close to the end. In principle, disaster
movies are shown in advance or filmed with the assistance
of scientists to avoid miscommunication and scientific
blunders. But it didn’t probably happen this time.

Finally, the internet is the perfect place for miscommu-
nication. It is full of sites where amateurs present their
predictions or innovative theories on the dynamic of the
earth. For example, the site http://www.world-earthquakes.
com/ has a prediction section that includes a list of the
earthquakes that will possibly strike the world in the next
48 h and a more comprehensive index of the seismic events
that will hit in the next years. The predictions are com-
pletely automated and vary frequently within a few minutes;
they are based on a secret and very powerful algorithm
winner of seven awards. Unfortunately, these awards are not
listed and it is very difficult to understand why they have
been granted, but it makes the surfer more confident toward
the information processed by this algorithm. Again, I con-
sider it a case of inappropriate (or at least incomplete)
communication. A disclaimer on the top of the page warns
users about the exact meaning of the data published on the
web page and the declination of responsibilities about the
misinterpretation of the predictions. One statement is
especially noteworthy: “Our mathematical algorithms can-
not predict exact time, location or magnitude of an earth-
quake. There is no knowledge of such thing to do that”. The
site is thus, from the point of view of ethics and in relation
to the predictions, very adherent to moral principles.
However since the predictions change frequently, and I
personally witnessed that it happens, the users may get a
very different forecast depending on when they browse the
site. For example in less than an hour the prediction for
Greece changed several times from “ATTENTION: Pay
attention in this zone for the next 48 h” to “DANGEROUS
RISK: High seismic activity may occur for the next 48 h
and back”. Again, this must be listed as a case of bad
communication.

Browsing the internet will take the interested reader to
find predictions for likely earthquakes based on elusive
oarfish, toads and other animals. In most cases these
intriguing theories are also described in other sites, probably
as curiosity items or description of funny things. But giving
them room in another site automatically give them more
credibility, and causes miscommunication.

Although it was not difficult for the scientific community
to recognize the real (and low) scientific impact of the
studies described above, nevertheless the findings (or better
the hypotheses) described by these pseudo-scientists were
of great interest for the public and especially for the media,
more inclined to get an exclusive news than the scientific,
boring truth (Solarino 2009). In those cases journalists and
media entertainers clearly ignored the standards of jour-
nalism. In fact in the situations above described we must of
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Fig. 10.1 A raw sketch of the relationships between scientists,
stakeholders, sociologists, media and society. In black, normal
characters the correct flow as based on the principle of ethics that
should rule the interactions. In red, bold those that have sometimes
been applied in cases of bad, non-ethical communications. Cliparts are
public domain images from http://www.wpclipart.com/

course blame the scientists, but most of the charge is on
media actors since, conversely to what happens in science,
the category should comply with the “canon of journalism”
which contain statements drafted by ad hoc organizations.

Scientists are responsible for producing results that shape
public policy. For example, mapping areas of natural haz-
ards has the consequence of rendering actions to mitigate
the risk necessary. These kind of decisions, and their eco-
nomical and social consequences, should be taken by the
politicians and the local governors. However in some cases
the scientists have been accused to be too optimistic or
pessimistic in their view and to have lead the politicians to
wrong or rushed decisions. When science and politics
intersect, roles and boundaries are often muddied. But the
competences cannot be confused.

Finally, the contribution of sociologists to the commu-
nication is an aside matter; their role is to study the social
processes that influence the way humans think, feel, and
behave and to help individuals to shape the social forces
they face. However, there is no real interaction between
scientists, politicians and sociologists except when the latter
are asked to make analysis on what has failed in a com-
munication process. To say it all, when it is too late.

In Fig. 10.1 I try to grossly summarize the relationships
and interactions between the kind of actors (scientists,
media people, politicians, sociologists and psychologists) in
a “perfect” observance of ethics. Next chapter will be
discussing the failures, which are also reported in the figure
with bold-red characters.

S. Solarino
10.3 Conclusions

A thorough discussion on effective and correct communi-
cation of Geoscience would require a very deep analysis of
the society. In this article I simply summarized what every
actor is expected to do and pointed out some weak points.

The results of this very naive analysis can be briefly
summarized as follows. To answer to the key question of
this paper, the fundamental principles of ethics would
probably be enough for distinguishing an appropriate con-
duct of each participant to the tough task of communication
and, thus, to ensure a fair and reliable information; unfor-
tunately the personal expectations, the fear to appear
unprepared, the desire for greater visibility and the uncon-
scious will to be more helpful than the situation would
require make communicators to fail some of their ethical
obligations. Moreover, the emergency conditions, the diffi-
culty of having available many speakers from different
fields, the strict time for communication, the pressing
demands of the media make much more difficult to strictly
follow the ethical principles.

In my view, the main deviation from ethics is when the
speaker expresses personal opinions; this is quite normal for
a scientist presenting his/her study within a workshop or a
scientific meeting, but becomes dangerous when presented
in public. It is even unfair for journalists or politicians. It
becomes very harmful if uttered from media entertainers.
And, above all, this failure affects one of the main obliga-
tions common to all ethics, a sort of root of moral behav-
iour, that is to ensure impartiality.
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Giuseppe Di Capua and Silvia Peppoloni

Abstract

The defence against natural hazards involves many actors with different roles: geoscientists,
decision makers, local authorities, mass media, citizens. A proper management of georisks
requires that each role is well-defined and governed by shared operational protocols,
especially during the emergency phase, so that overlapping and misunderstanding don’t
jeopardize population safety and economic activities. To achieve good results in this
direction, it is necessary to undertake a careful evaluation of the limits and expectations of
each component of society and the respect of legitimate aspirations and prerogatives. An
effective defence system against natural hazards should be planned rationally and based on
scientific data, in order to avoid alarmism among citizens, misleading sensationalism by
media, careless decisions by politicians, as well as approximation in managing different
phases of the risk cycle. Taking into consideration geoethical aspects related to natural
hazards can be helpful to make geoscientists aware of their responsibilities towards society
and to clarify the role they can play in the interaction with other actors, aiming at more

efficacious actions for georisk mitigation.

Keywords
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11.1 Introduction

With the increasing impact of human activities on the
environment, it has become urgent to follow a respectful
and pragmatic behaviour towards the geosphere. Humans
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are both an active part within Nature, as a factor which
conditions Nature itself, and a passive element towards
Nature, since they are exposed and forced to coexist with
natural phenomena. This involves a risk for their life, pro-
ductive activities and artistic and historical heritage.
Geological activity has evident repercussions on society
(Wysession and Rowan 2013). So the adoption of ethical
principles and standards is essential. Geoscientists are
expected to put society’s needs first in their activity, since
they possess appropriate knowledge and skills and this
implies moral obligations, especially considering practical
consequences, that are issues dealt with by geoethics. In
particular, geoethics consists of research and reflection on
those values upon which to base appropriate behaviour and
practices where human activities intersect the geosphere.
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Geoethics deals with the ethical, social and cultural
implications of using Earth sciences for societal benefits.
But above all, geoethics represents an opportunity for
geoscientists to consider their activities in an ethical sense
and also as a tool for increasing the awareness of society
regarding problems related to geo-resources, geo-environ-
ment and geo-hazards.

Among its issues, geoethics deals with problems related
to the management and mitigation of georisks and to the
information provided to the public; fosters the proper and
correct dissemination of the results of scientific studies;
aims to improve the relationships between the scientific
community, mass media, policy-makers and citizens.

In this perspective, the socio-cultural role played by
geoscientists is fundamental. Through their activities, they
can persuade people that the geo-environment constitutes a
common heritage, which should be considered for its sci-
entific, cultural and educational value, as well as a social
capital. Moreover, they can teach to society that a defence
against many natural phenomena, based on a rational
approach, is possible (Peppoloni and Di Capua 2012).

11.2 The Role of Geoscientists

Since the beginning, geosciences have shown that natural
phenomena are not metaphysical events, but rather normal
events that demonstrate the vitality of planet Earth. They
can be analyzed from a scientific point of view and their
effects can be partly foreseen (Zoback et al. 2013).

We all know that the risk is defined as the symbolic
product of hazard, vulnerability and exposure. It is quanti-
fied such as the loss produced on an element or group of
elements at risk as a consequence of the occurrence of a
given phenomenon of a given intensity. The hazard is the
probability that a phenomenon of a given intensity occurs in
a certain area in a given time interval. The vulnerability is
the capability of an element to resist to a given phenome-
non. And finally the exposure is the value of the elements at
risk (in terms of human lives, or economic value or his-
torical-artistic value) in a certain area.

These concepts have been introduced to analyze the
impact of natural phenomena on humans and their effects
are quantified using mathematical tools, for example, the
probability calculus and evaluation of errors and uncer-
tainties (Marzocchi et al. 2010; Albarello 2013).

Disasters always scared populations, the fear cannot be
eliminated, but the proper dissemination of scientific
knowledge and an adequate preparedness can help to
transform the fear into respect for the natural processes that
govern the geosphere. The scientific approach, based on
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quantitative assessments of risks and probabilities of

occurrence (Marzocchi et al. 2010; Jordan 2013), helps to

find strategies for mitigating their effects (Albarello 2013).

It is also an effective way to limit the scope of irrationality

and uncertainty.

The damage due to geo-hazards is not entirely avoidable,
but can be reduced through correct land use and respect for
natural processes, through prevention and mitigation efforts,
and through effective information to the population.

And geoscientists possess the appropriate knowledge for
bringing science closer to society (Allington and Fernan-
dez-Fuentes 2013). They have an ethical responsibility
towards both citizens and the scientific community to which
they belong (Peppoloni and Di Capua 2012). It includes:

e making data and results of their studies public, easily
accessible and user friendly;

e transferring advanced knowledge to
authorities;

e participating in educational campaigns for the popula-
tion, paying attention to simplify concepts, without
making them banal;

e assuring their ongoing professional training;

e collaborating in the training of the skills of technicians
and professionals;

e conducting their studies, verifying the sources of infor-
mation, the adherence of results to observations and the
related uncertainties and errors;

e accepting a fair debate with hypotheses and theories that
disagree, without being overconfident in their own
results.

Without an ethical approach, geosciences run the risk of
becoming a body of conventional knowledge, not oriented
towards the common good and the human progress (Pep-
poloni and Di Capua 2012).

industry and

11.3 Georisks: Actors Involved

Who are the main actors involved in a society exposed to
geo-risks and what are the weaknesses of their roles?

The actors are the same all over the world, but problems
in their relationship could be different considering coun-
tries, or due to cultural and economic differences.

Decision-makers are responsible for the prevention and
mitigation of natural hazards, but often have completely
different skills than those required by their role. So, they
often ignore the limits of a scientific study regarding the
prediction of the hazard and the level of seriousness with
which a warning could be issued to the public. In many cases,
this results in a discharge of responsibility on the scientific
community, which is asked to provide “truth” scenarios,
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while only probabilistic ones are possible, each of them with
its own probability of occurrence (Albarello 2013).

Media has a crucial role in our culture, but the lan-
guage of media is quite different from the language of
scientists. In particular, on the one hand journalists gener-
ally have a poor qualification in Earth sciences. In addition,
the media often use sentences given by scientists out of the
context in which they were originally stated, and thus can
transform the meaning of their words in a sensationalist
manner.

Citizens have the legitimate right to demand actions in
defence of their safety and to be appropriately informed
about risks. In fact, in general they are poorly prepared in
science (especially regarding aspects and concepts of
“probability”; Albarello 2013) and thus have a low resil-
ience towards a natural disaster.

Often geoscientists do not pay sufficient attention to the
communication of risks and they don’t succeed in making
the population able to understand the scientific and techni-
cal language. Moreover, in some cases they haven’t an
open-minded attitude towards the discussion and compari-
son with new hypotheses of study. In order to gain social
credibility, they should base their new theories on well-
grounded observational data and propose them to the sci-
entific community. Referring to natural hazards, new
models should have a predictive level higher than those
already in use or at least comparable to those in use.

11.4 Consequences of a Society Unprepared

The 2009 earthquake in central Italy and the convictions of
scientists for negligence in seismic risk assessment (known
as “The L’Aquila earthquake-case”; Hall 2011; Amato
et al. 2013), certainly have produced a negative effect on
people: the feeling that it is possible to do something in the

short term to reduce the seismic risk. This is false from a

scientific point of view, but in the medium and long term

many initiatives can be adopted for the defence of our
society against geo-hazards.

Moreover, there are also other possible consequences for
future crises and problems in risks management, due to the
severe epilogue of the L’ Aquila earthquake-case:

(a) prolonged alarmism could have as an extreme conse-
quence that a threat is not perceived as such all the
time;

(b) if the precautionary threshold becomes too high, the
costs of prevention become excessive and therefore
there arises an attitude of resistance to risk mitigation
policies.
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The extreme effect will be the development of a culture
of emergency rather than a culture of prevention to face
geo-hazards, with an increase of victims and economic
repercussions of disasters on future generations.

If society is not sufficiently involved in the scientific
knowledge, we could have two negative consequences:

e the cultural and social marginalization of scientists, with
a loss of sense of the role they can play in protecting
society from natural hazards (and the “L’Aquila earth-
quake-case” is emblematic: society did not feel helped
and protected by the scientific community and thus the
judge condemned scientists for negligence);

e the tendency of people to lose confidence in science, to
embrace preconceived ideas in a non critical way, ideas
sometimes provided by the media, often incorrect.

As a consequence, without a society scientifically pre-
pared, it is not possible to develop risk reduction strategies
that are really effective and widespread.

It must be remembered that the assessment of the level of
acceptable risk and the consequent action to be taken is up
to decision-makers and not up to the scientists (Albarello
2013; Jordan 2013). Geoscientists have only the expertise
necessary to provide accurate data and risk assessments
based on deterministic (Wyss 2013) or probabilistic models
(Marzocchi et al. 2010), but they can never be expected to
predict an event with an accuracy of few hours or a few
days. The technical and operational decisions should regard
the civil protection authorities and not the scientists (Jordan
2013).

11.5 Conclusions: What Could be Done
by Geoscientists

Geoscientists have a great responsibility towards society in
the natural hazards management and their role is crucial to
reduce the impact of natural phenomena and to improve the
resilience of communities to future disasters (Peppoloni and
Di Capua 2012; Jordan 2013; Wyss 2013).

The scientific and professional communities are still not
fully aware of their social role, in a world where natural
disasters are increasing and there is an urgent demand for an
ethics of prevention and communication. Moreover, there
aren’t clear institutional procedures that facilitate a good
interaction between geoscientists and society. Nevertheless
geoscientists’ action is fundamental in the balance among
citizens, politicians, media, since they have the proper
ability and skills to transfer knowledge to society for a
more effective defence against geo-hazards (Allington and
Fernandez-Fuentes 2013).
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Moreover, the general public tend to have little confi-
dence in science and therefore to assume a fatalistic attitude
towards risks.

What could be done by the scientific community?

e Organizing a communication strategy before, during
and after the emergency phase, strengthening the com-
munication by the scientific community, without copy-
ing the style of traditional media and opening out to new
communication tools (like social networks).

e Making research outcomes public, with explanatory
information targeted to the population, distinguishing
clearly scientific observations from working hypothesis.

e [ earning to communicate science without trivializing it,
showing also different hypotheses and theories.

e Making citizens involved in the process of construction
of knowledge with educational campaigns that aim to
develop an analytical and critical attitude, rather than
transfer absolute certainties on scientific theories. The
population should be informed also about the limits of
the scientific methods used, so that it can better under-
stand and share the decisions taken to deal with a natural
hazard. Informing the population on natural risks should
be prioritized for geoscientists, which is their ethical
commitment.

e Increasing the synergy with government agencies and
local administrations, through the development of
operational protocols and the definition of an encoded
stream of information from the scientific community to
the authorities (Jordan 2013).

The improvement of own professional skills (Allington
and Fernandez-Fuentes 2013) and the respect of research
integrity values (Mayer and Steneck 2011) could help in
this direction. Geoethics may be the foundation on which to
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establish a new and profitable relationship between science
and society.
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12.1 Introduction

Partha Sarathi Datta

Abstract

In most of high seismic zones parts of the world, limited knowledge on the heterogeneity in
landform changes and geological formation causes threat from natural hazards disasters to the
population. In absence of hazard resilient coherent long-term management policies, disasters
result due to human failure to introduce proper preparedness measures, and tendency to
manage vulnerability and risks by ad hoc and tactical approaches. To manage, prevent or
mitigate hazards, efforts should be reoriented and consolidated to educate all stakeholders
(including politicians, policy-makers and public) that they have to consider ‘Geo-diversity’ in
their choices, and how they can overcome impacts by critical analysis of geo-ethical
dilemmas, guided by the choices from the Geo-techniques based best obtainable detailed
scientific information, and socio-economical considerations. Efforts by reliable, competent,
capable and transparent institutions, to characterize the geo-regime spatiotemporal variability
by integrated disciplinary approach, can help to harness the ‘Geo-diversity’ and ensure proper
search and selection of the location of sites for planning the construction and maintenance of
infrastructures. For better preparedness strategies, management plans and policies, discour-
aging corrupt and unscrupulous practices for private gain, can help to enhance efficiency and
promote harmony by individuals trust, knowledge, transparency, respect of interests, share of
responsibility and resources. This critical subject matter on how to harness the geo-diversity
to combat hazard has been discussed here, through broader implications of an example of
hazards and disasters in North India.

Keywords
Geoethics * Geo-diversity ¢ Natural hazards ¢ Disaster

diversity is well-recognized as an important integral part of
sustained long run human existence and development pro-

Globally, in many parts, availability of abundant natural
resources has been always associated with increasing pop-
ulation, urbanization, and industrialization. Preserving
extensive landscapes with such plentiful geo- and bio-
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cess. For example, in the mountains regions run-of-river
projects, to harness large amount of water from melting
snow and glacier ice, plans for construction of the project
facilities, access roads, and transmission systems/lines are
made hoping minimum risks from deforestation, distur-
bance to hill slopes, soil erosion, and disruption of flora and
fauna. However, if such areas are in the high seismic pre-
carious zones, the environment and population remain at
risk from natural hazards (Storms, earthquakes, landslides,
floods, etc.), with catastrophic consequences. Over the last
decades, throughout the world, there has been increase in
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natural hazards and their impacts on society, leading to
disasters causing destruction of geo- and bio- diversity, vast
network of levees, dams, navigation structures, and hydro-
electric and nuclear power facilities. Although, it is vital for
the public including scientists, disaster managers and policy
makers to be aware of this for survival and safety, yet,
generally, they have inadequate knowledge, awareness, and
different perception of natural hazards, vulnerability and
risks. Combating disasters from hazards is a great concern
for planners and managers.

As an example, in the Uttarakhand State, India, located
in the high Seismic Zone-5 (Fig. 12.1) with abundant nat-
ural resources; for developmental activities, in the recent
years there has been a boom in reckless building of roads,
bridges, multi-storey hotels, apartments, religious centers
and hydroelectric projects. Over the next decades, in the
Himalayas, the Government of India aims to build 292 dams
to contribute to the current national hydropower capacity
and the energy needs (Grumbine and Pandit 2013). A
majority of which are run-of-the-river projects, each
requiring construction of roads, bridges, tunnels, through
the mountain side roads, townships and deforestation. This

could lead to disappearance of species of bio-diversity, and
may also put the population at high risk from natural haz-
ards (earthquakes, landslides, floods, etc.). The Kedarnath
Area in the State recently faced a flash flood on June 16-17,
2013, from which an unprecedented deluge destroyed roads
and bridges along the banks of the rivers, inundated many
towns and villages, and submerged some buildings under
several feet of mud, smothering life. In this context, the
need to harness geo-diversity to combat hazards has been
discussed here, through some broader implications of haz-
ards and disasters.

12.1.1 Geo-ethics and Geo-diversity

Ethical perception may vary from person to person, among
societies and countries. Nevertheless, in order to achieve
sustainable development, resources has to be managed taking
into account the environmental, economic, social, geo-
graphical and political aspects, and govern the social actions
and practical decisions of individual/group ethically. In this
perspective, ‘Geo-ethics’ (Peppoloni and Di Capua 2012) is
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essentially ‘Geo-diversity’ protection with moral values
(honesty, trust, and treating others fairly and loyally). Geo-
ethics (Peppoloni and Di Capua 2012) gives an opportunity
for the geo-sciences to raise public awareness on the
importance of abiotic parts of ecosystems. Moreover, geo-
ethics can help to understand the great complementarity and
interconnection between the two following systems:

(1) Natural System—Rocks, soils, sediments, minerals,
water, landforms (folds, faults), fossils, biosphere
(the flora and the fauna), and the processes (e.g.,
tectonics, sediment transport) that shape them
throughout the geological time;

Human System—Link between people, their culture
and the natural landscape.

(i)

12.2 Physiography and Rainfall Pattern
in the Study Area

The Kedarnath town (3,546 m asl) is located in the R.
Mandakini Valley (Fig. 12.2), Rudraprayag District, Utta-
rakhand, in a relatively young mountain range ‘Central
Himalayas’ (30°44'6.7"N; 79°04’'1"”E) which has a fragile
landslides prone geology (Uttarakhand Space Application
Centre 2013). Several new buildings have sprung up on the

flood plains of the Mandakini and Alakananda rivers. Two
glaciers—Chaurabari and Companion occupy the upper
reaches of the Valley. In the higher reaches, at the slopes of
the Kedarnath Peak, from an altitude of ~6,000-3,800 m,
The Chaurabari Glacier (30°44’50”N and 30°45'30"N,
79°1'16"E and 79°5'20"E; 3895 m asl, ~7 km length,
~11° slope facing south) covers ~38 km® area with
~5.9 km? ice cover. It is hypothesized that the original
single glacier while receding split into two snouts—(i) the
source of the Mandakini River at 3,865 m, and the (ii) at
3,835 m drains into the Chaurabari Lake—a moraine
dammed Glacial Lake. Above 3,800 m asl altitudes glacial
processes dominate, and between 3,800 and 2,800 m asl
glaciofluvial processes are dominant (Dobhal et al. 2013).

Dobhal et al. (2013) reported that the rainfall data
(2007-2012) from an automatic weather station near Cha-
urabari snout showed Indian Summer Monsoon rainfall of
1685, 1513, 734, 1662, 1348 and 1115 mm for the respective
years. In the Kedarnath Area, 325 mm rainfall occurred on
June 16-17 within 24 h. This isn’t unprecedented (Comp-
troller and Auditor General of India 2013), and many times in
the past, Uttarakhand recorded >400 mm single-day rainfall.
In August and September 2012, Uttarkashi and Rudraprayag
districts respectively experienced rainfall induced landslides,
leading to devastation and other damages.
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12.3 Causes of Disaster in the Study Area

Since, a natural disaster occurs as a result of multiple
happenings together, it is a complex task to analyze the
scientific sequences of a disaster and its impacts. The recent
disaster is reportedly (Dobhal et al. 2013) due to a cloud-
burst pressure of water induced rupture of a glacier, an
entire mountainside collapse, sloughing off a side of a large
section, entry of rocks and debris in the Chaurabari Lake
increasing the lake water level, and its subsequent outburst
causing flashflood laden with large amount of mud silt, huge
boulders and debris (Fig. 12.2), creating several meters
wide debris flow at many places. Since, the flow routes,
which the flood waters used to take in the past, were
blocked with sand and rocks, the debris and mud got
deposited on the east bank of the R. Mandakini (Fig. 12.2),
covered many houses under 10-12’ high rubbles, and the
flood water washed away many houses. Evidently, despite
many landslides in the past, the planners and policy makers
paid little attention for early warning, and framed no proper
plan to cope with disaster.

As per the Comptroller and Auditor General of India
(2009, 2013) reports, the disaster resulted mainly due to
indiscriminate, haphazard, unregulated, and unplanned
infrastructure development along the rivers and on the flood
plains; without proper geo-environmental study on the
region’s fragile geology and earthquake vulnerability; and
social impact assessments at project or basin level; reckless
sand-mining on the riverbeds; building of roads, bridges, and
hydropower projects, each entailing underground tunnels

P.S. Datta

that need blasting through the roads, townships and defor-
estation on landslide-prone ridges and steep slopes, and
carelessly dumping of excavated muck and debris. There-
fore, undoubtedly, hazards result in disasters due to human
failure to introduce proper preparedness measures, and ten-
dency to manage vulnerability and risks by ad hoc and tac-
tical approaches with lack of ethical framework (Datta
2013). Absence of coherent long-term policies on control of
communication by mass-media with half baked information,
and generic opinions by all kinds of opinion-makers for a
pervasive populism, also creates threat and panic in people
for possible disaster (Datta 2013). This clearly suggests
safety failures due to lack of proper harmony between the
natural and human systems caused the disaster (Fig. 12.3).

12.4 Gaps in Disaster Management

Disaster management involves preparation activities prior to
disaster; intervention activities following the hazard event;
response activities during the disaster; recovery activities
following a disaster; and prevention and mitigation activities
to reduce the effects of disaster (Fig. 12.4). With reference to
the Kedarnath Area recent disaster, the responsibility for the
failures and gaps in disaster management rest on many
institutions (Ghose 2013), including among others: the
National and State Governance, Administration and Disaster
management Authority and Unit, Indian Meteorological
Department, Central Ministry of Water Resources, Ministry
of Environment and Forests and its Expert Appraisal

Fig. 12.3 Causes of disaster
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Fig. 12.4 Schematics of bridging the gaps in disaster management

Committee on River Valley Projects, Disaster Management,
Central Water Commission, and National Ganga Basin
Authority. Due to regional polarization from social and
political angle with parochial interest, keeping ‘only self
interest’ to the fore, development in the Himalayas has long
been contentious, particularly from the point of declaring a
stretch along the river as eco-sensitive zone, banning con-
struction work along the river (Comptroller and Auditor
General of India 2009, 2013).

12.4.1 Role of Geoscientists to Bridge
the Management Gaps

Occurrence of sudden flood in the rivers near mountain
sources suggests sudden morphing of the usual streams into
torrents, totally altering the landscape, rocks, foothills,
channels and the streams heights. The status of knowledge
on aggregate situation of heterogeneity in the geological
system and landform is limited at the level at which a
hazard resilient management response is required (Datta
2013). In future, even normal rainfall in the area is likely to
change the flooding, stream flow, and the bio-diversity. In
order to manage, prevent or mitigate disasters from such
hazards, the changes in the topography, geology, land
contours, streams and rivers flows, flow paths, space of river
beds and flood plains need to be remapped and analyzed for
the clear land classifications, preliminary engineering
designs, and hydrologic calculations. Monitoring programs
and regulation zones need to be put in place by participatory

decision-making. The geoscientists have significant role to
create awareness in public (including the researchers,
administrators, mining/industry operators, etc.) through the
advancements in technical and scientific knowledge, for
ensuring proper search and selection of the projects loca-
tion, planning, construction, infrastructures maintenance,
and preparedness strategies to manage activities. This
would help in limiting development to safe places, by
stopping deforestation, and improper construction of roads.

Through new communication strategies, and by interac-
tion with politicians, media and citizens, the geoscientists
can disseminate to them the geo-heritage available; and
promote the ethical, cultural, social and educational values
in study and practice of Earth Sciences. This would help in
changing their mindsets; strengthen relationship among
them, and framing policy guidelines on prevention, miti-
gation and recovery (Datta 2013). They should also educate
the public about significance of proper use of the under-
ground waters, hydrocarbons, natural gas, geothermal
waters, etc.; and explain how to harness resources in inte-
gration with geo-information at different spatial and tem-
poral scales, for risk assessment from hazards induced
possible impacts on safe extraction and supply from
groundwater collecting works, geo- and hydro- spheres
contamination, etc. Both in mountainous areas and other
areas; partnerships of geoscientists with states, communi-
ties, and private sector may be helpful to generate new
resources and more efficient methods, especially in flood-
risk management, hydropower generation, and port and
harbor maintenance (Datta 2013).
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12.5 Concluding Remarks

Since, most of the essential elements that form the building
blocks of the humans’ life are influenced by geological con-
ditions; the geoscientists through wider experience and
maturity should educate the public the necessity for the human
beings to consider Geo -diversity when they prepare strategies
to manage disaster from any hazard. An urgent need should be
to monitor the possible causes of the disaster; to address issues
emerged from previous event, to review ongoing and future
projects, and to promptly disseminate the information on the
carrying capacity of the region to the administration and the
local people. Efforts should be reoriented and consolidated to
educate all stakeholders how to promote harmony and
enhance management efficiency by healthy relations based on
individuals trust, knowledge, transparency, respect of inter-
ests and share of responsibility and resources. The politicians
and policy-makers should be educated how to develop a
problem-solving holistic integrated-disciplinary approach,
planned in association with the public, by critical analysis of
geo-ethical dilemmas, guided by the choices from the scien-
tific information, and ethical and socio-economical consid-
erations. Reliable efforts by transparent, competent, and
capable institutions with non-involvement of corrupt and
unscrupulous practices working hand-in-hand with greedy
investors putting private gain before public welfare, can
contribute to better preparedness strategies, management
plans and policies to combat disasters.

P.S. Datta

References

Comptroller and Auditor General of India (2009) Report of perfor-
mance audit of hydropower development through private sector
participation. Chapter-5 [Environment Impact], pp 25-37. http://
www.cag.gov.in/html/cag_reports/uttranchal/rep_2009/pa_chap5.
pdf. Accessed 02 Sept 2013

Comptroller and Auditor General of India (2013) Report “Disaster
Preparedness in India”, April 23, 2013, PRS. http://saiindia.gov.in/
english/home/Our_Products/Audit_Report/Government_Wise/
union_audit/recent_reports/union_performance/2013/Civil/Report_
5/Report_5.html. Accessed 02 Sept 2013. (

Dobhal DP, Gupta AK, Mehta M, Khandelwal DD (2013) Kedarnath
disaster: facts and plausible causes. Curr Sci. 105(2):171-174
Datta Partha Sarathi (2013) Geoethics and geoscientists role to protect
geodiversity for societal development. In: GEOITALIA, Session
Geopolicy—L 2 Geoethics and Society: Geosciences Serving the

Public. Accessed 16-18 Sep 2013

Ghose Joyita (2013) In: Disaster management in India PRS legislative
research, institute for policy research studies, New Delhi , August
6, 2013. http://mla.prsindia.org/sites/default/files/policy_guide/
Disaster%20Management%20in%?20India.pdf. Accessed 02 Sept
2013

Grumbine Edward R, Pandit, MK (2013) Threats from India’s
Himalaya Dams. Science 339(6115):36-37. doi:10.1126/science.
1227211 (Downloaded on 02.09. 2013)

Peppoloni S, Di Capua G (eds) (2012) Geoethics and geological
culture. In: Reflections from the Geoitalia conference 2011. Annals
of Geophysics, vol 55(3). ISSN 2037-416X

Uttarakhand Space Application Centre (2013) Dehradun, NRSA/
ISRO, India Satellite based observation of devastation caused by
torrential rainfall in Kedarnath Dham and Mandakini Valley of
Rudraprayag District. Scientific Report USAC/SR/02/2013.
Accessed 16 and 17th June 2013


http://www.cag.gov.in/html/cag_reports/uttranchal/rep_2009/pa_chap5.pdf
http://www.cag.gov.in/html/cag_reports/uttranchal/rep_2009/pa_chap5.pdf
http://www.cag.gov.in/html/cag_reports/uttranchal/rep_2009/pa_chap5.pdf
http://saiindia.gov.in/english/home/Our_Products/Audit_Report/Government_Wise/union_audit/recent_reports/union_performance/2013/Civil/Report_5/Report_5.html
http://saiindia.gov.in/english/home/Our_Products/Audit_Report/Government_Wise/union_audit/recent_reports/union_performance/2013/Civil/Report_5/Report_5.html
http://saiindia.gov.in/english/home/Our_Products/Audit_Report/Government_Wise/union_audit/recent_reports/union_performance/2013/Civil/Report_5/Report_5.html
http://saiindia.gov.in/english/home/Our_Products/Audit_Report/Government_Wise/union_audit/recent_reports/union_performance/2013/Civil/Report_5/Report_5.html
http://mla.prsindia.org/sites/default/files/policy_guide/Disaster%20Management%20in%20India.pdf
http://mla.prsindia.org/sites/default/files/policy_guide/Disaster%20Management%20in%20India.pdf
http://dx.doi.org/10.1126/science.1227211
http://dx.doi.org/10.1126/science.1227211

Massimo Crescimbene, Federica La Longa, Romano Camassi,
Nicola Alessandro Pino and Laura Peruzza

Abstract

Risk perception is a fundamental element in the definition and the adoption of preventive
counter-measures. In order to develop effective information and risk communication
strategies, the perception of risks and the influencing factors should be known. This paper
presents preliminary results of the first survey on seismic risk perception in Italy. The
research design combines a psychometric and a cultural theoretical approach. More than
5,000 on-line questionnaires have been compiled from January 23rd till July 25th, 2013. The
data collected show that seismic risk perception in Italy is strongly underestimated; 86 out of
100 Italian citizens, living in the most dangerous zone (namely Zone 1), do not have a correct
perception of seismic hazards. From these observations we deem that extremely urgent

measures are to be taken in Italy to find effective ways to communicate seismic risk.

Keywords

Risk perception ¢ Seismic hazard * Hazard communication ¢ Seismic risk

13.1 Risk Perception

Risk perception research in the domain of technical risks
has shown that peoples’ perception of risk is subject to
many influencing cognitive, personal, situational and
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contextual factors (Sjoberg 2000a). Because of its com-
plexity, it is very difficult to deduce general statements or a
general theory of risk perception (Wachinger and Renn
2010). Nevertheless, knowledge about the risk perception of
persons living in risk prone areas is relevant whenever risk
management strategies have to be developed or applied.

A number of approaches and concepts have been applied
in risk researches to study risk perception: the approach
known as psychometric paradigm (Fischhoff et al. 1978a;
Slovic 1987, 1992) and similar concepts (Lindell 1994), the
cultural theory of risk perception (Douglas and Wildavsky
1983; Thompson et al. 1990; Dake 1991, 1992), trust-
oriented concepts (Slovic 1993; Siegrist 2000a; Siegrist and
Cvetkovich 2000b, Siegrist et al. 2000c), the mental models
approach (Lave and Lave 1991), concepts to include
associations and affect (Peters and Slovic 1996), demo-
graphic variables (Savage 1993; Barke et al. 1997), gender
(Gustafson 1998; Greenberg and Schneider 1995) and oth-
ers. Risk perception has been investigated with various
methods on different risk levels (individual personal risk or
risk for the general society), using various risk measures
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(magnitude of risk, overall risk rating, probability of an
event, estimated fatalities per year) and several risk
dimensions (probability of damage, personal death/injury,
property loss, interference with work, social disruption; see
Rohrmann 1999; Sjoberg 2000b; Lindell and Perry 2000).
For the investigation of risk perception from windstorm,
flood and earthquake the psychometric approach (Fischhoff
et al. 1978b; Slovic 1987; Slovic 1992) and theoretical
concepts of cultural theory (Thompson et al. 1990; Dake
1991) were applied to reveal the underlying cognitive
structure of risk and the influence of social values and
worldviews.

Due to the complexity of risk perception, in order to
build a seismic risk perception test we needed an agile and
flexible method, able to investigate complex variables and
to return measurable values. For the above-mentioned rea-
sons, we opted for the semantic differential method (Osgood
et al. 1957), which is conceptually similar to the semantic
images' indicated as a very promising approach for risk
perception studies by Wachinger and Renn (2010). Fur-
thermore this method has already been used in similar
research on risk perception, (e.g. Plapp and Werner 2006).

In conclusion our method can be framed as psychometric
and cultural theory of risk approach, with in addition some
components to obtain a better overview on possible influ-
ences on risk perception: causes attributed to disasters,
images of and associations on nature and environment
(Szalay and Deese 1978), several personal and demographic
characteristics, and experience from past events.

13.2 The Questionnaire

Within the project S2-2012—Constraining Observations into
Seismic Hazard financed by the Department of Civil Pro-
tection (http://sites.google.com/site/ingvdpc2012progettos2/
home), an on-line questionnaire on the perception of seismic
risk was prepared and tested. The questionnaire was con-
structed by the method of semantic differential, based on
bipolar scales of opposing adjectives or terms (Osgood et al.
1957). The subjects had to indicate, on a scale of 7, “which of
the two poles” the object of investigation was closer to in their
opinion (Plapp and Werner 2006; Crescimbene 2008; Zacchi
and Crescimbene 2010; Crescimbene et al. 2013).

! Research on risk perception has identified a range of perception
patterns that relate to key characteristics of the risk itself or the context
in which the risk is taken. These patterns are called semantic risk
images. The semantic images allow individuals to classify various
risks on the basis of a few salient characteristics. Reducing complexity
by creating classes of similar phenomena is certainly a major strategy
for coping with information overload and uncertainty (for further
details see Renn 2008).

M. Crescimbene et al.

The questionnaire was constructed on the factors that
determine the seismic risk: hazard, exposure, and vulnera-
bility. Other factors related to Institutions and People and to
Earthquake perception in general were also considered.

The whole questionnaire consists of an informative part
and seven sections respectively dedicated to:

. Hazard

. Vulnerability (home and workplace)

. Exposure (with reference to territory perception)

. Perception of institutions and people

Earthquake perception

. Risk information and their sources

. Comparison between earthquake and other natural
hazard.

Assigned to each factor is a set of scales to which it is
possible to assign a score from 1 to 7, Likert scale (Likert
1932).

The questionnaire makes it possible to obtain a percep-
tion score for each factor: Hazard, Exposure, Vulnerability,
Institutions and People Perception, Earthquake perception.
Considering all these factors the global risk perception total
score can be derived. The complete questionnaire is
accessible at: http://www.terremototest.it.

13.3 The Survey

The seismic risk perception survey began on 22 January 2013
and it is still underway. Compilation availability and acces-
sibility has been spread through the social network, the web
pages of regional, provincial, and municipal websites and on
local online newspapers. The diffusion of the questionnaire
was deliberately conducted through general interest loca-
tions, avoiding the specialized or official sites of the sector
(Department of Civil Protection, INGV, OGS, universities,
etc.) in order to limit the bias of educated/oriented samples.

The survey includes all the Italian regions; on 25 July
2013, 5,585 tests had been compiled, subdivided in
Administrative units (Region) and seismic zones (herein-
after described) as shown in Table 13.1. Veneto Region
represents over 1/3 of the sample, as a local newspaper in
the Verona area advertised the initiative.

13.4 Data Processing

More than 5,000 questionnaires were compiled in few
months, without any specific supporting initiative by the
press or the mass-media. The examined sample consists of
5,585 people with the following characteristics.

The graph (Fig. 13.1) shows the differences in risk per-
ception based on the characteristics of the sample: Educa-
tion, Family, Age, Gender.
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Table 13.1 Distribution of the sample by regions and hazard zones

Regions Seismic zones
Zonel Zone2 Zone3 Zone4 Total
Abruzzo 58 83 50 0 191
Basilicata 41 50 0 96
Calabria 97 54 0 0 151
Campania 62 255 24 0 341
Emilia-Romagna 0 93 361 6 460
Friuli-Venezia 2 36 15 0 53
Giulia
Lazio 16 215 34 0 265
Liguria 0 0 57 5 62
Lombardia 0 9 88 246 343
Marche 3 103 4 0 110
Molise 19 22 1 0 42
Piemonte 0 0 57 92 149
Puglia 0 47 60 39 146
Sardegna 0 0 0 23 23
Sicilia 35 178 2 5 220
Toscana 0 128 469 10 607
Trentino-Alto Adige 0 0 17 32 49
Umbria 1 51 3 0 55
Valle d’Aosta 0 0 1 4 5
Veneto 0 75 1,906 236 2,217
Total 334 1,399 3,154 698 5,585
Table 13.2 Characteristics of the sample
Gender (%) Females 36
Males 64
Age (%) Young 15
Adults (30—44 years) 40
Adults (45-59 years) 35
Seniors 10
Family (%) With children 55
Without children 45
Instruction level (%) Primary or secondary school 8
Graduate 46
Degree 46

Looking at the sample of seismic risk perception found
that some indications from previous studies on risk per-
ception, in general, have been confirmed:
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e Women tend to have a better perception of risk than
men;

Being parents (families with children) increases the

perception of risk;

e A high level of education improves the perception of
risk;

e Adults between 45-59 years old have a higher percep-
tion of risk than other age groups.

Furthermore, data are being analyzed comparing hazard
perception scores with the so-called “hazard by law”, i.e.
the seismic hazard assessment assigned to a particular ter-
ritory by experts (Gruppo di Lavoro 2004; Stucchi et al.
2011); we resorted to a simplistic subdivision of Italian
municipalities in 4 seismic zones, as given by regional laws
as they were in 2012 (http://www.protezionecivile.gov.it/
resources/cms/documents/A3_class2012_03prov_.pdf).

To compare hazard perception with “hazard by law” we
assumed for people living in seismic zone 1 (high hazard)
scores between 6 and 7; in seismic zone 2 scores between 5
and 6 and so on. From this it follows that in seismic zone 1
is not possible to have overestimated values. The assigned
scores are shown in Table 13.3.

The histogram in Fig. 13.2 shows that, in seismic zone 1,
only 14 % of the sample has a good perception (green
column) of the seismic hazard, while 86 % of surveyed
people underestimate the hazard (39 % underestimated by 1
zone/class, 35 % underestimated by 2 zones/classes, 11 %
underestimated by 3 zones/classes).

Figure 13.3 shows in detail the description for seismic
zones obtained by hazard perception scales (HP). The col-
ored lines represent the trend of scales in each seismic zone
(all the samples considered). The zones appear well distinct
for almost all the terms, and the descriptions well represent
each seismic zone. Referred to our test interpretation (see
Table 13.2), Zones 1 and 2 appear to be strongly under-
valued with an average score of 5.12 in Zone 1 (whereas it
should be included in the range from 6 to 7) and of 4.53 in
Zone 2 (against 5-6 as expected). Hazard perception in
Zone 3 with an average score of 4.15 is placed on the limit
of appropriate range between 4 and 5. Only hazard per-
ception in Zone 4 with an average score of 3.49 is a good
match between hazard by law (HbL) and hazard perception
(HP). It’s worth mentioning that the scale “predictable-
unpredictable” gets inversion in scores (the most hazardous
the country is, the most predictable earthquakes are); it
demonstrates that predictability of earthquakes is perceived
independently form any other cognitive and expertise fac-
tors. This result is consistent with the outcome of debates
recently underway in public opinion with respect to the
possibility of predicting earthquakes.
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Fig. 13.1 Differences in Hazard perception for characteristics of the sample

Table 13.3 Interpretation of Hazard Perception scores (HP) respect to Hazard by Law (HbL)

Seismic Semantic differential scores (7 points Likert’s Scale)
zone

1-2 2-3 34 4-5 5-6 6-7
Zone 1 —3 underestimated of 3 points and over —2 underestimated —lunderestimated 0 good fitting
of 2 points of 1 point
Zone 2 —3 underestimated of 3 points and over —2 underestimated —1 underestimated 0 good fitting +1 overestimated
of 2 points of 1 point of 1 point
Zone 3 —3 underestimate of ~ —2 underestimated —1 underestimated 0 good fitting +1 overestimated of 42 overestimated
3 points of 2 points of 1 point 1 point of 2 points
Zone 4 —2 underestimated —1 underestimated 0 good fitting +1 overestimated of  +2 overestimated of = +3 overestimated
of 2 points of 1 point 1 point 2 points of 3 points
Fig. 13.2 Frequency Differences between Hazard by law (HbL) and Hazard perception (HP)
distribution of differences in for seismic zones
Hazard perception for seismic (N=5585)
zone 1
0.9 4 86%
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Fi_g' 13.3 Descriptions for Descriptions of seismic zones obtained by hazard perception scales
seismic zone obtained by hazard N=5585
perception scales (HP)
If you try to image an earthquake in the area where you live, how would
you describe it?
1 2 3 4 5 6 7
unexpected [————— ——— expected
Zone 1
strong
UEELS —a—Zone 2
—a—Zone 3
Zone 4
small big
distant near
predictable / ) unpredictable
short long
e aggressive
slow fast
innocuous dangerous
distant in time near in time

13.5 Conclusions

The international scientific community has many opportu-
nities and tools to disseminate updated knowledge about
seismic hazard and seismic risk. Conversely, the commu-
nication of these subjects to the public is not common, and
surely not easy; in Italy it has been pursued by the classi-
fication of municipalities in seismic zones since the begin-
nings of the 20th century, and recently by the adoption of a
national seismic hazard map. For historical and adminis-
trative reasons the two pieces of information are not fully
coherent, causing confusion in the citizens.

Our study developed and spread a questionnaire on
seismic risk perception in Italy; we performed a preliminary
analysis on data collected during the first 6 months of the
campaign. A strong underestimation of the seismic phe-
nomenon in the most dangerous areas emerges: the problem
of incorrect perception can not be simply attributed to a lack
of information, as 61 % of the sample (N = 5,585) said to be

“somewhat” (45 %) and “very” (16 %) informed about the
earthquake, and only 8 % defined it’s “not at all” informed.
Furthermore, people declare to receive information about
earthquakes by reliable sources: 30 % from the Department
of Civil Protection, 15 % by Regions, Provinces and
Municipalities, 13 % from research institutes, universities
and schools; the authoritative sources are balanced by tra-
ditional media (television, newspapers, internet, books) that
represent about 38 % of the information budget; unfortu-
nately, the news are mainly driven by catastrophes and
crimes, often representing negative information campaigns.

From the answers, we tried to examine if the main
problems of seismic under-evaluation may be related to the
matter of the communication or to pitfalls in the commu-
nication process. Some concepts such as the probabilistic
nature of the seismic hazard analyses, stationary earthquake
rates, random uncertainties in the earthquake waves prop-
agation are definitely out of the common experience, and
they have to be simplified in the messages for the public;
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Fig. 13.4 TItalian Seismic Hazard Map (MPS04, Stucchi et al. 2011):
it displays the Peak Ground Acceleration (PGA) that in 50 years will

sometimes the simplification reduces hazard values to crude
adjectives (strong, moderate, low, etc.), thus neglecting the
comparative nature of their usage; the low hazard in Milan,
for example, is such only if compared to Cosenza (Southern
Apennines), but high with respect to Paris. Some other
difficulties may derive from linguistic tricks (in Italian, for
example hazard and risk are widely used like synonyms),
choices in graphical representations (the color palette, for
example, falsifies the perception, see the frames in
Fig. 13.4, all representing the same values), or commonly
accepted rules in ranking (the first is usually the best: with a
reversal meaning seismic Zone 1 is assigned to most dan-
gerous areas, but it should be perceived safer than Zone 4).
All these considerations suggest that some improvement in
the communication processes is needed, by spreading sim-
ple and direct messages, together with a larger effort in
spreading the basic culture about earthquakes and the
associated risk.

In the last decade, some coordinated educational cam-
paigns have been undertaken under the umbrella of the Civil
Defense Department (DPC). EDURISK, for example, is a
school-oriented group of initiatives; since 2002 it trained
about 3,000 teachers that reached about 60,000 students, in
seismic and “less” seismic areas of the country. More
recently, [ONONRISCHIO, an awareness campaign for the
reduction of seismic risk promoted by DPC, ANPAS (The
Public Assistance Italian Association), INGV, OGS, ReL-
UIS (The Laboratories University Network of Seismic
Engineering), which takes place every year in the squares of
Italian municipalities; in the 2013 edition over 200 Italian
cities have been reached.

not be exceeded 9 times on 10. Graphics have a strong impact on risk
perception. On the left frame, the map published by the law 3519/2006

The survey is still active and we are planning its
implementation into the Framework Agreement DPC-INGV
2012-2021, reprocessing periodically the data, also to detect
if changes in seismic risk perception can be assigned to
educational campaigns, or seismic sequences.
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Abstract

Although human behavior is the crucial factor in the degree of vulnerability and the
likelihood of disasters taking place, preparedness and prevention programs are not mandatory
in all countries around the world. Within the framework of UPStrat-MAFA (Urban disaster
Prevention Strategies using MAcroseismic FAults), we have defined the disaster prevention
strategies based on education management information and actions taken in Iceland,
Portugal, Spain, and Italy. A detailed comparative study shows that compulsory school in
these four participating countries is greatly unprepared with regard to hazard education, and
these results are in line with worldwide studies. Moreover, when hazards are addressed, this
is not done at an early age, which results in a missed chance to intervene in the noncognitive
side of awareness, which decreases at later ages. To comply with the urge to take actions
towards training and education at an early age, we used hands-on tools and learn-by-playing
approaches in an informal learning environment. To reach the older population, the audio-
visual media appears to be the best and lowest cost alternative to promote risk perception,
awareness and education.
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UPStrat-MAFA (Urban disaster Prevention Strategies
using MAcroseismic FAults) is a project founded by the
European Union that is intended both to assess seismic hazard
and risk at an urban scale, and to define disaster prevention
strategies based on an education management information
system that is linked to information about areas and popula-
tion groups that are prone to particular kinds of emergencies
(UPStrat-MAFA European project, 2013). Here, we present
the actions that have been taken by the partners of this EU
project in Iceland, Portugal, Spain, and Italy, concerning two
major targets: children and the general public.

14.2 Information Strategies

To spread the necessary information about hazards is not an
easy task. One might end up scaring people, or the approach
might be too trivial. An additional challenge is intrinsic to
this topic: disasters are infrequent in nature, and their
recurrence is not predictable or linear. Often people have
the idea that disasters will strike others, but not them. In
part, this is connected with the education process itself:
textbooks often present “horrible” cases from far away,
compared to which, local disasters appear trivial. People
might feel that scientists are presenting them with just
another trouble to deal with.

Research has shown that the memory of a disaster
remains preserved in the social sphere only for a certain
period of time, unless it is kept vivid in the minds of the
people, or they are reminded by the provision of informa-
tion (media, web) and the socially active preservation of the
memory (Wisner 2006; Biernacki et al. 2008; Komac 2009;
Komac et al. 2013). People tend to deal with hazardous
situations in the way they did in the past, no matter that they
might have been trained otherwise. Strategies to spread
knowledge and raise perception should either include
repeated training until earlier incorrect behaviors are
replaced, or start training and education at an early age
when emotional intelligence is prevalent. The information
needs to be balanced, easily understood, and accessible to
all, and it should be linked to the areas and population
groups that are prone to particular kinds of emergencies. It
is important to distinguish between disaster prevention
strategies in the field of education and those that are
addressed to the general public.

14.2.1 Hazard and Risk Education and Schools

To be effective, long-term activities like education should
be permanent and integrative, and should cut across all
formal and informal educational efforts, while remaining in
close contact with reality. Assessments of the educational

G. Musacchio et al.

curricula on natural hazards and accessibility to risk
reduction information have highlighted how schools
worldwide are greatly unprepared in their natural hazards
education (Komac et al. 2013).

We have run a detailed comparative study on seismic and
volcanic hazard education across four European countries:
Iceland, Portugal, Spain, and Italy. The outcome of the study
has highlighted in particular that no matter what the average
level of education is, the risk of exposure to seismic and
volcanic hazards are not mandatory subjects in the com-
pulsory education (Bernhardsdéttir et al. 2012). We have
analyzed standardized curricula and textbooks, and we have
considered the age at which natural hazards are discussed.

None of these four countries provides a specific course
that is devoted to the education of earthquake and volcano
hazards and risks. Instead, standardized curricula include
these aspects within different subjects, such as geography,
geology, physics and history. Textbooks do not even thor-
oughly discuss all of the fundamental scientific and/or safety
issues that are needed to understand a hazard. Furthermore,
the core science textbooks on the market are riddled with
errors. Our study highlights the gap that exists between the
science world and that of education, which grows deeper as
the misconceptions of the teachers themselves regarding the
geosciences are passed on to their pupils (Bernhardsdéttir
et al. 2012). Children do not approach hazard education at an
early age, and the result is that the noncognitive side of
awareness may never be triggered.

Bearing in mind what the major weak points of hazard
education are in the four countries, we have developed tools
to first take up informal learning, and then to plan to take
actions on the formal curricula in the future. As we need to
first address children, good approaches include the use of
hands-on tools and learn-by-playing approaches.

Scientists need to challenge their communication skills
to educate children through scientific role-play games and
hands-on laboratory activities. In Italy, the National Insti-
tute of Geophysics and Volcanology (INGV) has built a
portable shaking table, which allows children of every age
to have direct experience of the motions related to an
earthquake and its effects. In Portugal, the Advanced
Technical Institute (IST) uses its digital educational small
shaking table to demonstrate to students the dynamic per-
formance of a building.

The IST has also been working on an interactive online
game, named “treme-treme” (shake-shake) which allows
children of 8 years to learn the skills and concepts for sur-
vival during an earthquake. The players are meant to build a
survival kit, finding all of the safe and unsafe areas of their
home, and to learn how to protect themselves (Fig. 14.1).

For younger children, as 5-10-year-olds, the Civil Pro-
tection of Lisbon Municipality promoted a space that is
known as the “House of Tinoni”, where each child learns to
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Fig. 14.1 A snapshot from the treme-treme game

identify and respond to the risks involved in everyday life,
as well as to exceptional events like earthquakes. Some
pedagogical information is provided, and the experience
culminates in an interactive game that summarizes the
contents that are disseminated through the activities (http://
www.tinoni.com/casa-do-tinoni.php).

In Iceland, the Earthquake Engineering Research Centre
(EERC) provides awareness training for school children,
and contributes to a permanent exhibition on seismicity in
Hveragerdi. Here, visitors can, for instance, enter a small
“house” that shakes—an earthquake simulator—that allows
them to experience powerful earthquake vibrations.

14.2.2 Hazard and Risk Education
and the General Public

Hazard dissemination to the general public needs to be
informative and balanced, and to be in a language form that
is accessible to everybody.

The interactions between schools and the science world
vary among these countries, from being formally defined in
a curriculum, to being informally initiated by teachers and
scientists. Both the formal and informal approaches are

h;u!‘.-"-"*.' i

Fig. 14.2 Snapshots from the video “Before it’s too late”
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valuable for the educational system, but when the interac-
tion depends on individuals, institutions and/or nongov-
ernmental organizations, consistency can be lacking, due to
the more unstable finances.

Science festivals and open days for research institutions
are often environment hosting activities and exhibitions that
are devoted to risk education and, in general, to Earth
Sciences. However, these are spot initiatives that cannot
reach the whole population. Audio-visual clips are, in our
opinion, a more effective and long-lasting tool for the dis-
semination of information on hazards to a wider range of
the population. Therefore, in the framework of the UPStrat-
MAFA project, efforts have been devoted to the preparation
of videos that can promote risk awareness and education.
For example, in Portugal, the IST and the National Engi-
neering Laboratory (LNEC) have produced a 16-min video
titled, “Before it’s too late”, where the public perception
and interviews with experts are presented, to bring people
closer to the science (Fig. 14.2).

In Iceland, the EERC has produced the film “Hveragerdi—
in Compliance with Nature”, which focuses on a small com-
munity coping with the risk of earthquakes. Similar actions
have been taken in Italy, and together, Portugal, and Iceland
have also contributed to the preparation of a video that pro-
vides an overview of the seismic hazard in these countries.

14.3 Discussions and Conclusions

We have presented the actions taken within the framework
of the UPStrat-MAFA project. Comparing the education
systems within countries participating to the project, namely
Iceland, Portugal, Spain, and Italy, we have found that the
compulsory school curricula are greatly unprepared in terms
of hazard education. Our results are in line with worldwide
studies concerning natural disaster education at each level
(Komac et al. 2013).

To comply with the need of training and education at an
early age, and to intervene in behavior that children, the
future adults, will have in the case of hazards, we have
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taken actions that include the education of children using
hands-on tools and learn-by-playing approaches. To raise
the perception and awareness of the older population, we
have found that audio-visual media will be the best and
lowest cost way to promote risk awareness and education.
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15.1 Introduction

Luisa Macedo, Sandra Villacorta, Shianny Vasquez, Jersy Marifo
and Giuseppe Di Capua

Abstract

The communication process between the geoscientists and native communities in risk areas
can significantly affect disaster prevention and land use planning. In Peru, the problem of
disaster prevention is a fundamental policy due to unfamiliarity and deficiency of the
associate information on the population. It is possible that talk of disaster prevention it will be
an unlikely ideal in a country where most towns have settled on unplanned projects by the
constant change and the lack of interest from the authorities in such topics. However, it is
anachronistic that the rural communities and towns continue to live without a plan to enable
them to improve their quality of life. The correct use of geoscience information in the mass
media can help in this work. The characteristics of the enterprise in Peru require more
training by professionals in the geosciences and support communication specialists. In this
paper, we analyze the problem of communication for disaster prevention in Peru, with the
aim of contributing to the articulation of a disaster prevention strategy.

Keywords

Communication process * Disaster prevention ¢ Risk management ¢ Peru

Pisco (Ica, Perd) in 2007. Six years after the event, many
affected people have not yet managed to regain the standard of

In Peru there are many unknowns and little interest in the
development of activities for disaster prevention, therefore
awareness work is very important. The authorities, mainly
the Central Government, act belatedly, only after the disaster
that has occurred. They work in that direction at the time of the
disaster and then forget the importance of prevention planning
and sustainable reconstruction. For example, this can be seen
in the performance of the authorities after the earthquake in
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life they had before the disaster. On the issue of land use, even
though the regulations that should guide have been released,
local authorities are not sufficiently prepared to use the
information given by specialists; many times, norms are not
understandable and so they cannot be applied. Properly
designed geoscientific information would allow them to
concentrate their actions on the development of alternatives
initiatives, derived from management plans prepared by the
specialists. By the above consideration, it is considered that
disaster management and planning of land use are going tasks
that must be managed from a multidisciplinary perspective.

15.2 Background

The current regulation in Peru, although it seeks to con-
tribute to disasters prevention and the management of land
use, has not been properly prepared due to improper
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interpretation of the same. As an example, we cite recently
approved Law No. 29869 (Law of population resettlement
in very high risk areas not mitigable (CENEPRED 2012).
This law states that local governments have the function to
declare a “State of emergency” at the National Institute of
Civil Defense (INDECI). This would allow them to access
funding for relocation. However, this funding is often
misused by local authorities that can take advantage of the
economic support for appropriation of land and their sub-
sequent sale. On the other hand, scientific institutions par-
ticipate only as partners in the process of resettlement of
populations located in areas classified with very high risk.
In many cases, it is left to scientific institutions to make
the decision whether it is appropriate to relocate the popu-
lation at a high risk level and the declaration of the so-called
“IMMINENT DANGER”, an inappropriate term that it is
not based on a definition that is scientifically correct,
because what it is being studied is the susceptibility and
danger, and these don’t end when it ceases to be imminent.
The “imminence” is defined as the occurrence of a phe-
nomenon in a “short-term” and it will be determined only
when the processes will be monitored continuously; but in
some cases this is not possible, as in case of earthquakes.

15.3 The Importance of Effective
Communication to Ensure a Culture
of Disaster Prevention

The communication by geoscientists to the authorities and
population is a multidisciplinary, complex and dynamic
work that involves a series of activities aimed at the
application of scientific knowledge in the processes
of human, social, territorial and sectorial development
(Macedo et al. 2007).

The community, knowledge-generating institutions
(entities proposing solutions) and the executing agencies
(authorities, public and private institutions, etc.) have to be
engaged in this task. The interaction with the community
enables a collective and not individual production and it
makes each person feel part of the project (Mucho et al.
2005).

A quality work is required and it has to be properly
coordinated with all state institutions for the effective
reduction of disaster risks. The primary objective should be
to promote the transfer and application of the scientific
research into the risk management. If the actors are not
involved with other agencies and the community starting
with the early stages of any study or research project, in many
cases there is no continuity in the process of transforming
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into action the knowledge generated by scientific community
and it would miss the opportunity to show the relevance of
the Geosciences for society (UN/ISDR 2004; PMA: GCA
2005). This activity will ensure the strengthening and sus-
tainability for proper risk management.

To consolidate citizen participation and action in disaster
prevention, it is necessary that every person is aware of the
importance of participation in the planning processes.
Through grassroots organizations, roundtables, participa-
tory plans, etc., people can work with the authorities. It is
indispensable that people are well informed, so that their
ideas are complemented by the scientific knowledge of the
land.

15.4 Importance of Land Planning

Land planning is the process to organize spatial, social and
economic development (Alfaro 2010). Its implementation is
in the hands of specialists, but it is a task that must be
engaged also by each of the country’s inhabitants. Therefore
communication of geoscientific information plays an
important role in the development of the land.

Among the benefits of land-use we mention:

The orderly growth of communities.

Disaster prevention.

Increased security for the private investments.

The protection of natural areas and indigenous communities.
The knowledge and sustainable use of resources.
Conflict prevention.

Significantly, land-use or subsystems management
present four types of approaches: natural, urban, economic,
and socio-cultural. The ideal is to implement a compre-
hensive approach that reconciles the objectives of each of
the above items.

15.5 Conclusions

e To develop an effective communication between
authorities and people in disaster prevention, one should
consider a multidisciplinary team, complemented with
communication specialists.

e [t must be a commitment that the geoscientist’s knowl-
edge dissemination to society will be in a simple
language, and thus fulfill its purpose.

e The planning is no longer solely in the hands of
specialists, it is a task that involves every citizen, so that
they learn more of the potential disaster and that they
better know their own territory.
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e In Peru, authorities need to be trained to address the
real needs of the people and to understand the true
importance of land use and its planning. It also
requires the support of competent professionals in
national and local governments to work with the
authorities.

e The authorities require large integrated projects in each
region that must be considered essential in the land
planning, the use of hazards maps and the use of technical
reports that has to be explained by experts for their use.

e [t is necessary for institutions to intervene in a “tech-
nical-scientific” way and seeks changes in the laws and
regulations which have misused the terminology asso-
ciated with risk prevention.

e It is important for scientific institutions to be involved in
regional planning, as well as in emergency plans, and
thus ensure better disaster risk management.
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16.1 Introduction

Tiziana Lanza

Abstract

The earthquake occured in Tohoku (Japan) in 2011 showed that no matter how outstanding is
the model of the mitigation of natural hazard, an earthquake can always surprise any studied
attempt to contain a tsunami. I report this extreme example to draw the reader attention on
how strong should be the commitment of the society in producing the optimal conditions to
face natural hazard. Every country has a peculiar social context. If in the past we considered
this as a secondary aspect, now we are obliged to recognize that the social context is of main
importance when promoting mitigation of natural hazard. In this occasion I would like to
refer to my experience as an educator in my country. Italy is a country where it is difficult to
promote a dialogue between the Institutions and the citizens. The dialogue is difficult also
among the communities of engineers, geologists and politicians. There is still a great
confusion on the attribution of tasks and a lot of problems of difficult solution are related to
corruption. In this context, education can play a crucial role and should be intensively
addressed to promote geo-awareness in the citizens. People should learn about the geological
site where their houses are built and get all the info necessary to understand if it has been
done according to the law. Only in this way citizens become an active agent in promoting
those changes without which an efficacious mitigation of natural hazard is impossible.

Keywords
Geo-awareness ¢ Citizens ¢ Risk ¢ Natural hazard * Education

2009, at least for what concern the mitigation of natural
hazard. No matter the efforts by the scientific community,

As a science communicator, I have been involved now from
several years in the mitigation of natural hazard. Since when
I started working for the INGV in Rome, I witnessed two
important earthquakes in my country in the last two decades
and I have realized that few things have changed in the
13 years passing from the earthquake occurred in Colfiorito
on September 1997 to that occurred in L’ Aquila on April

T. Lanza ()
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Vigna Murata, 605, 00143 Rome, Italy

e-mail: tiziana.lanza@ingyv.it

people keep on dying and houses and monuments are still at
the mercy of natural hazard (Lanza et al. 2012). Thirteen
years are a short time to expect some changes? I don’t know.
In any case, while so few has changed in our society, in the
last decade communication has instead gained new oppor-
tunities for the birth of the social networks, a reality that has
boosted the possibility of an interactive communication
among the institutions and citizenship and among citizens
themselves. In this paper I will consider a renewed approach
to the manner in which modern societies organize in
response to risk, starting from the idea that in this context a
revised concept of seismic risk is necessary. Usually it is
mainly based on the building vulnerability while other
aspects remain in the background. Our country has indeed
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shown how important is the social context in determining the
inertia of a society confronting with natural hazard. In other
words, the risk is strictly connected to the political asset, and
eventually the grade of corruption, and the ability of the
citizens to contrast it whenever is the case.

In this perspective, communication and in the specific
education, assume a fundamental role in promoting
awareness of the territory and a change starting from citi-
zens when the institutions lack the sense of responsibility. A
citizen becoming really aware of the hazard of the territory
where he lives, is much more prone to solicit those changes
necessary to mitigate natural risks.

16.2 Experiencing the Italian Social Context

In 2010, together with other INGV colleagues we imple-
mented a pilot project in collaboration with the Castelli
Romani Park to experiment the Eco-museum formula to
educate students to the risks of the area. We involved stu-
dents of three classes of a secondary school in Velletri, a
country in the area of the Alban Hills, the same place where
I live (Lanza et al. 2011). This is an area interested by
volcanism for thousands of years. Volcanism is now
thought to be quiescent but there is a general agreement
among scientists that the Alban Hills may erupt again in the
future as a recent study highlights (Carapezza et al. 2010).
At present, the hazard comes from a moderate seismicity
and from the release of carbon dioxide and other hazardous
gases in the area. Also the nature of the soil has suffered
from being interested by volcanism so that every engi-
neering work should inevitably take care of it.

The evaluation of the Eco-museum pilot project con-
firmed us how poor was the students’ knowledge of the area
from the geological point of view, including a scarce

punteggi ottenuti nel questionario di
autovalutazione
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Fig. 16.1 The start up questionnaire provided data obtained by
comparing experimental group (Class III-A) and the control group
(Class III-B) (La Longa et al. 2013)

T. Lanza

awareness of the risks (Fig. 16.1). Students do not generally
have a prior knowledge of the territory around the lake of
Nemi, one of the volcanic lake in this area, and the project
resulted to be an opportunity and an exclusive means for
acquiring that knowledge (La Longa et al. 2013).

I have also experienced in my own life what does it mean
not having an appropriate education to the risks of the soil. I
found myself involved in contrasting a dangerous project of
opening a road in the valley in front of the building where I
live, a valley that could be interested by landslides. In that
occasion I confronted myself with the other citizens living
in the same condominium to find out that very few of them
were aware of the risk of such a project, because they lack
the necessary education to understand it. So, it took a lot of
efforts from my part and another couple of citizens in order
to stop it. The project was strongly supported by the major
who was making pressure on the builder. We fought against
it in vain for a couple of years by creating a committee.
Even if the Castelli Romani Park gave a negative technical
advice, there was no way to obtain from the municipality
the geological survey on which that project was based, even
with the help of a lawyer. In the end, the project was
stopped by nature itself! On the 17 March 2011 a landslide
occurred starting from the exact point in which they were
working to open the road (Fig. 16.2). It was just fortuitous if
the landslide did not run over the houses immediately near.
At present the valley has been abandoned to itself and up to
now no measures have been undertaken to put it in security
as we asked in our last letter addressed to all the authorities
involved.

A recent study, that is still in progression, on seismic risk
perception showed that in Italy, 9 of 10 citizens underesti-
mate the risk coming from living in a seismic zone classified
by the competent authorities with number 1, where major
earthquake may occur. To go in details, in a sample of 5,585
people interviewed in a time span of 6 months (from January
2013 to June 2013), 86 % underestimate the hazard in zone
1, and 70 % in zone 2. Another important aspect of the
research is how citizens get informed about earthquake risk
in their area. A surprising result is that even if the source of
information to which the majority of the population rely on
is the Civil Protection Department, the citizens who get more
information from the web seem to have a most appropriate
risk perception (Crescimbene et al. 2013).

16.3 Experimenting the Right Educational
Format

How to educate people to become aware of the territory
where they live? A not less important question would be how
to obtain this in a relatively short time period, since risk
awareness is the first fundamental prerequisite to mitigate
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Fig. 16.2 From left to right
bulldozer at work for the
preliminary operation to open a
road in Rocca di Papa. In the
second picture an image of the
landslide occurred on the 17
March 2011

natural hazard. School is the place where people can acquire
the tools necessary to make the right choices in the future.
Even if a study highlighted that children have a “valuable
and unique ability to conceptualize and analyze risk”
(Tanner 2010), a recent European comparative research
conducted on four countries (Italy, Portugal, Spain, Iceland)
to investigate the education information system to the light
of possible disaster prevention strategies, had to conclude
that none of these countries provides a special course to
educate students on earthquakes and volcano hazards and
risks. Rather they include it within different subject such as
geography, geology, physics and history, although most
often within the natural sciences (Bernhardsdottir et al.
2012). The study then suggest that local awareness of seis-
mic hazard can balance the lack of sufficient education in
schools, by, for instance, training children living in high-risk
areas to evacuate their school in case of an earthquake.

Seismic risk is just one of the risks. In a particular region
of a country, as the case of the Alban hills in Italy, citizens
can be subjected to different risks, maybe peculiar to the
area, but not for this less important. It is in this perspective
that we experimented the eco-museum formula. We con-
ceived our Eco-museum pilot project in the widest context of
experimenting science theatre as an efficacious tool to pro-
mote earth education and risk awareness. Starting with an
experiment implemented in a primary school using theatre in
a classical and traditional way (Lanza et al. 2014) we passed
to experiment it in a secondary school in Velletri. In the
second case we choose a cutting edge formula where theatre,
in terms of scenic actions to be played in situ, is included in
the widest context of an open-air museum. An eco-museum
is a museum without walls that focuses on the identity of a
place; it is based on local participation and refers to a new
idea of it that involves the whole cultural heritage in oppo-
sition to the focus on specific items and objects, performed
by traditional museums. In accordance with this philosophy,
we have introduced in the classroom innovative teaching
tools as the creation of an eco-museum itinerary.

Even if we realized how poor was the knowledge of the
students about the territory around the Nemi Lake, the
evaluation of the eco-museum experience conducted

comparing a start up questionnaire with a final questionnaire
gave encouraging results (La Longa et al. 2013). Since eco-
museums are already well-established realities in our country
(see http://www.ecomusei.net/index.php) we may wonder if
in the future they can become the privileged path through
which putting in contact the different realities such as
municipalities, research institution, schools and citizens to
enhance the territory knowledge and education to the risks.

16.4 Conclusion

The last two important seismic events occurred in my
country have highlighted that the social context is of main
importance in determining the inertia of a society con-
fronting with natural hazard. My experience as an educator
has confirmed my belief of how important is to make grow
the geo-awareness of the citizens to solicit the institutions to
undertake the necessary changes to promote an even better
risk preparedness. Taking into account that at present the
education information system at school is not enough to
promote appropriate risk mitigation, as an educator working
for a scientific institution, I do believe that experimenting
different educational format is the first important step to
reach the goal. In particular, experimenting the eco-museum
format in a secondary school has triggered new opportuni-
ties to promote the culture of the territory as a local and
environmental heritage to be shared and safeguarded by
those who inhabit it.

References

Bernhardsdoéttir AE, Thorvaldsdéttir S, Sigbjornsson R, Musacchio G,
Nave R, Falsaperla S, D’Adda S, Sansivero F, Zonno G, Sousa ML,
Carvalho A, Raposo S, Ferreira MA, Nunes JC, Jimenez MJ (2012)
Disaster prevention strategies based on an education information
system. 15WCEE, Lisbona. http://hdl.handle.net/2122/8148

Carapezza ML, Barberi F, Tarchini L, Ranaldi M, Ricci T (2010)
Volcanic hazards of the Colli Albani. In Funiciello R, Giordano G
(eds) The Colli Albani volcano. Special Publications of IAVCEI
#3. Geological Society, London, pp 279-297


http://www.ecomusei.net/index.php
http://hdl.handle.net/2122/8148

88

Crescimbene M, La Longa F, Camassi R, Pino NA (2013) Report on
risk perception DPC-INGV—S2 Project https://sites.google.com/
site/ingvdpc2012progettos2/deliverables/d2_6

La Longa F, Lanza T, Crescimbene M (2013) Ecomuseum itineraries,
a path of rediscovery and enhancement of the territory EGU 2013
Poster session. http://www.earthprints.org/bitstream/2122/8703/1/
Posterecomuseo_EGU2013.pdf

Lanza T, Crescimbene M, La Longa F, Pizzicannella E, Tortorici G,
Pizzino L, Frepoli A, D’Addezio G (2011) Geophysics on stage:
bringing Earth into scene. The INGV science theatre experiences. The
Pantaneto Forum. http://www.pantaneto.co.uk/issue42/lanza.htm

T. Lanza

Lanza T, Crescimbene M, La Longa F (2012) From Colfiorito to
L’ Aquila earthquake: learning from the past to communicating the
risk of the present EGU2012 Poster session. http://www.
earth-prints.org/bitstream/2122/8288/1/EGU2012.pdf

Lanza T, Crescimbene M, La Longa F, D’ Addezio G (2014) Bringing
earth into the scene of a primary school: a science theatre
experience. Sci Commun 36(I):131-139

Tanner T (2010) Shifting the narrative: child-led responses to climate
change and disaster in El Salvador and the Philippines. Child Soc
24:339-351


https://sites.google.com/site/ingvdpc2012progettos2/deliverables/d2_6
https://sites.google.com/site/ingvdpc2012progettos2/deliverables/d2_6
http://www.earthprints.org/bitstream/2122/8703/1/Posterecomuseo_EGU2013.pdf
http://www.earthprints.org/bitstream/2122/8703/1/Posterecomuseo_EGU2013.pdf
http://www.pantaneto.co.uk/issue42/lanza.htm
http://www.earth-prints.org/bitstream/2122/8288/1/EGU2012.pdf
http://www.earth-prints.org/bitstream/2122/8288/1/EGU2012.pdf

Gemma Musacchio and Nicola Alessandro Pino

Abstract

Balanced information and education are fundamental prerequisites for risk prevention and
preparedness. Among others, children embody our best chance to implant appropriate behaviors
that will be recalled during hazardous situations and to involve adults according to a knowledge
chain reaction. In this work, scientists challenge their communication skills to built a set of
hands-on and learn-by-play based laboratory activities, for primary and secondary schools,
addressing three major issues: (1) the location of earthquakes and volcanoes on Earth; (2)
earthquakes and eruptions mechanisms; (3) earthquakes unpredictability. Students are asked to
place volcanoes and earthquakes epicenters (issue 1) on a wooden plate puzzle according to
Plate dynamics. To addresses eruption mechanisms (issue 2) and related hazard, we use backing
soda forced blowing out from a volcano vent and suggest that a pyroclastic flow is fast, it can
spread over a large area and raise high up to the stratosphere. Earthquake mechanisms (issue 2)
are discussed describing the energy buildup, release, and transfer, using a wooden sticks bend-
and-break analogy. The display of acoustic waves caused by the breakage in different situations
allows understanding of both the rupture energy and the wave attenuation. Earthquakes
occurrence (issue 3) is addressed using steadily pulled blocks sliding on a frictional surface,
where pins simulate asperities. These activities were tested, involving thousands of students.
Discussions with students and teachers and the analysis of the answers to specific questionnaires
gave us confidence that we proposed proper tools to raise risk awareness.

Keywords
Seismic and volcanic hazards ¢ Outreach * Education

17.1 Introduction

No matter how disasters overwhelmingly crash our lives, it
seems we all are reluctant to preparedness and prevention.
Since disasters are infrequent in nature (compared to human
life span) and memories are short (Komac 2009), there is an

urge to promote awareness and proper perception of natural
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hazards and risks.

The science underlying natural hazards is complex, the
impact is potentially devastating and there are no quick fix
solutions. Balanced information and proper addressing of
the unavoidable uncertainties in natural hazard assessments
require that public must have a basic understanding of the
phenomena. Science has the fundamental duty of commu-
nication and the meeting point between school and science
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world can be the key to start the new age of risk prevention
and preparedness. Although being fundamental, science
communication is not an easy task, as it requires a deep
knowledge of the topic as well as the ability to use a proper
language for each public, so that misunderstanding is
minimized while raising interest.

In this paper we challenge science education and out-
reach to explore the rationale behind seismic and volcanic
hazards, fully relying on the definition and the unraveling of
basic issues, being able to communicate them in the proper
way.

17.2 Seismic and Volcanic Hazard Education

There is a stringent paradox between the pressing demand by
the general public towards seismology and volcanology—
often challenging scientists communication skills—and the
fact that these subjects are worldwide neglected in today
schoolbooks and school programs (King 2010 and references
therein; Bernhardsdéttir et al. 2012). Research suggests that
risk perception may be built upon experience of local
disasters, combined with information gained from external
information sources, such as the media, training sessions and
school curricula (Wachinger and Renn 2013). If training
and education start at early age there is a better chance that
appropriate behaviors can be placed in the mind and recalled
during hazardous situations. Having children as chief
target we can rely on the chain reaction spreading of
knowledge: children will pass information to adults within
their families.

Learn-by-playing based laboratory activities can provide
children with appropriate education, training and, in a way,
strengthen their ability to participate in disaster risk
reduction efforts. The creativity, the knowledge, the
experimentation and the discovery triggered by playing
activities also might allow overcome the natural fear of
hazard and trigger emotional learning that most efficiently
influence behaviors.

17.3 Laboratory Activities

We set up activities for primary and secondary schools
students, addressing three basic issues: (1) what cause the
Earth to have earthquakes and volcanoes; (2) how earth-
quakes and volcanoes work, and (3) why these natural
phenomena are not predictable. Each issue is tuned to
specific learning processes—emotional or cognitive—
capable to trigger proper behavior towards hazards. Activ-
ities highlight in a simple way just a few basic aspects of the
phenomena so that the audience might independently repeat
experiments.

G. Musacchio and N.A. Pino

17.3.1 What Cause the Earth to Have
Earthquakes and Volcanoes?

No matter the age of a student or general public, they are
always extremely curious about what causes disasters on
Earth. We challenge children understanding that the stress
related to Earth dynamic is prevalently released (1) at plate
boundaries and (2) within the lithosphere. These are two
basic concepts that can be explained to almost every age
students, although with rather different approach.

Primary school children have only a little knowledge on
worldwide geography and extremely simple demonstration
of phenomena are most likely to cut cross and provide basic
answers to questions. We found that a good way to address
the topic is to mimic Plate Tectonics: four children will
pretend to have their foot glued on four different Plates;
they are placed on sliders either moving apart or one against
the other. Diverging sliders will drag two children moving
apart and mimic the breaking up of the lithosphere. Con-
verging sliders will lead the two children pushing one
against the other.

Once plate motion is worked out, we can use the puzzle
concept to allow comprehension of seismicity and volca-
nism occurrence. In a wooden plate puzzle individual pieces
represent lithospheric Plates; the stiffness of the wooden
plate will highlight that the lithosphere is the most rigid
layer of the Earth, then capable of breakage and where
earthquake hypocenters are confined. The puzzle we use is a
build up information tool (Fig. 17.1), where only the plate
motion is a given data. Students are asked to place Plate
names labels according with geographic hints, and guess the
occurrence of earthquakes and volcanoes according to Plate
Tectonics while placing little cardboard circles and play-
dough symbols on the puzzle. Pop-up wooden blocks
showing cross sections of the major plate margins are used
to trigger discussion on Plates motion.

17.3.2 How Do Earthquakes and Volcanoes
Work?

Among concepts to be communicated in a simple way and
relevant for understanding hazards are the mechanisms
behind earthquakes and volcanic eruptions.

We take children into earthquakes’ world by exploiting
the simple and frequently used analogy with bending and
breaking of wooden sticks. In this activity, we use sticks of
different thickness and broken sticks that have been previ-
ously glued and recomposed. One of the many available
computer programs designed to visualize acoustic waves is
used to allow the display of the energy produced by the
breakages and the description of basic concepts such as
energy buildup, release, and transfer. We used GarageBand,
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Fig. 17.1 The plate tectonic
puzzle. Volcanoes and
earthquake epicenters are placed
according to plate dynamics

a commercial program for Apple supports designed for
music composition, but well suitable for our purpose. A
microphone will record the acoustic wave propagating by
the steak rupture and displayed on a screen. The attenuation
of energy is simply demonstrated by breaking sticks at
different distances from the microphone. Letting children
play with the sticks gives us the chance to introduce them to
the occurrence of earthquakes with distinct magnitude, their
different frequency of occurrence, the correspondence with
preexisting faults, the distribution of damages with distance
from the epicenter. Children participate with great enthu-
siasm, happy to freely break something and their compre-
hension greatly benefit from the possibility of literally
seeing the energy they are putting in the game. In this way,
they easily get familiar with basic ideas of the physics of
earthquakes.

Relevant to understand volcanic hazard is the difference
between lava and pyroclastic flow, as to the phase (liquid,
solid or gas) that mostly characterize the eruption and its
dynamic. We use the well known backing soda and vinegar
model for the lava flow simulation to model magma
resurging from the volcano conduit. The pyroclastic flow
simulation relies on an extremely light and thinned particle
material (i.e. backing soda powder) pumped out from the
volcano conduit. We highlight that a pyroclastic flow derives
from an explosion, is mostly composed by gas and extremely
light particles spreading over a large area and rising up to the
high troposphere. The baking soda powder will raise a
maximum height; it will eventually be blown away by wind
and collapse all around the volcano and further away, almost

as just as during real eruptions. Students will taste the soda in
their mouth even though they are standing a bit far away
from the vent. We found this to be crucial in the under-
standing the effects of the eruption on a large area.

17.3.3 Why Earthquakes Are Not Predictable?

The QuakeCaster is a hands-on teaching model, simulating
earthquakes and their interactions to help students explore
and test the four leading hypotheses for earthquake occur-
rence. The experiment is meant for secondary school stu-
dents, but might catch attention to younger students. Here
we present a modified version of the QuakeCaster (Linton
and Stein 2012) that allows additional inferences on earth-
quakes occurrence.

The idea is to demonstrate that earthquakes are neither
time- nor slip-predictable so that the best way to reduce
risks is prevention and preparedness.

A reel steadily pulls and simulates the steady plate tec-
tonic motions far from the plate boundaries, wooden blocks
having different thickness simulates different shear zones of
the fault which are connected with a rubber band that fur-
nishes the elastic property of the crust. Friction is simulated
by sandpaper stacked on a wooden plank using pins slightly
rising from the board: when the blocks simulating the fault
get stuck on the pin we can also discuss asperity of the fault.
The use of wooden blocks and sandpaper (Fig. 17.2) instead
of the rocky blocks and the porcelain surface suggested by
Linton and Stein (2012) is meant to emphasize the
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Fig. 17.2 The QuakeCaster. A
demonstration of faults dynamic

possibility to repeat the experiment independently in an
extremely, yet efficient way.

The quake caster experiment can be run hiding away the
whole tool while just observing the display of the shaking
measured by an accelerometer placed on the plank. This
allow emphasize the relationship between available data
and complexity of natural phenomena: we record earth-
quake shaking while we never have a comprehensive
knowledge of the fault, nor we know where the asperities
might be located and we cannot predict when the stress will
be released. We found that at this point the public really
understands unpredictability.

17.4 Conclusions

We tested our activities reaching more than a thousand
students in different environments such as in school class-
rooms, research institutions open doors, science festivals
and other scientific venues. The public reactions were in
general of wonder on how they could get in a simple way
topics, not necessarily trivial or intuitive; teachers were
enthusiastic in getting new educational ideas and gave us
positive feedbacks. Activities were set to allow students to
pose questions on major issues and give themselves a proper
answer, so we could directly test the effectiveness of our

approach. However we hand out questionnaires to students,
teachers and general public to assess the communication
efficacy (e.g. D’Addezio et al. 2014). They gave us confi-
dence that the activities we proposed were a proper tool to
trigger discussions on risk mitigation, and therefore to raise
risk perception.
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18.1 Introduction

J. Nespereira, M. Yenes and J.A. Cabezas

Abstract

The results of a survey distributed to students who have completed the degree of Geological
Engineer (GE) at the University of Salamanca (USAL) are presented. Surveys purpose was to
know their integration into the labour market, their satisfaction with the degree and what is
the perception they have about societal point of view towards GE. The GEs from the USAL
work mainly in the field of construction and believe that GE is not properly valued in the
labour market mainly because of the ignorance that still exists in relation to their training and
capabilities. Overall, they are satisfied with the education received, and they would choose
again the same university studies. Respondents suggest a broader training, mainly focussed in
the exploitation of natural resources and geotechnics, more practical content, and they also
claim for a mandatory work in industry during the study years.

Keywords
Geological engineer * Profession ¢ Salamanca * Education * University

University of Alicante did the same, and finally in 1999,
with the publication of Real Decreto 666/1999 (Ministry of

In Spain Geological Engineering (GE) education begins at
the Complutense University of Madrid, with a postgraduate
course taught between 1980 and 1990, becoming an M.Sc.
degree in Geological Engineering later on. Also in 1990 the
joint implementation of their own degree in Geological
Engineering at the University of Barcelona and Catalonia
Polytechnic began. Years later, during 1997-1998 the
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Education. Government of Spain 1999), the degree of GE is
officially recognised. At the USAL, comparable studies
began in 2001/2002, structured according to the curriculum
published in January 2002 (University of Salamanca 2002)
and based in turn on the Real Decreto, which divided the
formation in two cycles of three and two courses respec-
tively. Thereby, the titulation consisted of five courses, but
the effective time spent to fulfill the second cycle used to
increase because a final project must also be presented.

Annual reports about the international status of geologi-
cal engineering showed the evolution of the professions
activity from different points of view, and among them how
university education it is also dealt with (Hatheway and
Reeves 1997, 1999; Hatheway and Kanaori 2002; Hatheway
et al. 2005). Focussing on the geological engineering degree
in Spain, Tomads et al. (2005) presented the universities
where it was taught and the program contents but it analyzed
a period of time too short to show how the graduates were
joining the labour market.
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This paper has three main objectives, which are to provide
an image of the GE from the USAL, get close to the social
perception that the GE observed in their environment in
relation to their activity and training, and create a platform
for teachers to receive those contributions or improvements
that according to the GE’s criteria should be included in
training. With these purposes in mind we created and dis-
tributed by e-mail a survey with thirty questions. The
potential population of the survey was 110 students, which
were the total course enrollments between 2001/2002 and
2007/2008 that have not abandoned the degree. Finally,
twenty-four questionnaires were returned, based upon which
a statistical analysis has been carried out looking at the dif-
ferent issues questioned.

18.2 Results

From 2001/2002 to 2009/2010 one hundred and sixty six
students began the GE degree at the USAL, of which some
28 % abandoned the effort before conclusion (Fig. 18.1).
More than half of the students accessed the GE degree after
failing to get into other options: GE ended up being the final
alternative for students with very different original prefer-
ences (medicine, architect, chemical engineering...).

Of the 110 students who join the degree between courses
2001/2002 and 2007/2008 and that did not quit, there are
sixty-seven that have already finished. Considering the first
6 years, rate of success, defined as the ratio between the
number of students graduated until December 2012 and the
number of students who have not abandoned the degree and
could have completed it on that date, stands at 67 %.

Some 88 % of respondents are already GEs, after
spending an average of 7 years for completing the degree,
that is 1 year above the generally accepted minimum period
of time for 5 years degrees that include a final Project
Defense. This average matches with the requirements of
European convergence process of University studies, which
points out that the time spent for the student getting their

i

3
Q\’\Q
S

Fig. 18.1 Evolution of the
number of students during the
years considered in this study

50

NUMBER OF STUDENTS
5 8 8 &

(=]

>
Q
N
N

Q%\Q
o N

v

J. Nespereira et al.

degree should suit the expected duration of the studies. The
final majority income stands at the cradle of five to seven
points out of a maximum of ten.

The annual dropout rate is one of the criteria taken into
account when assessing the universities. Between 2002/
2002 and 2010/2011 the average for the GE studies was
28 %. Even though this rate varies among different uni-
versities, the average in Spain for technical studies is 40 %
(Cabrera et al. 2006), so that the rate of the USAL is clearly
lower.

About 71 % of GEs respondents consider they are
working on tasks related to their training. In most cases, the
lapse of time between the completion of their studies and
their first day of working life does not exceed a year.
Nevertheless, it is representative of the current economic
crisis that since 2011 this interval of time is increasing.

The GEs trained at the USAL have found work in the areas
of construction (72 %), research (12 %) and the exploitation
of natural resources. We have also observed a substantial
mobility in the profession, because up to 60 % persons have
already been in at least two different companies.

High youth unemployment in Spain is causing an
important phenomenon of emigration. Is it happening to the
GEs from USAL? The answer is yes, with 26 % of them
working or have being working abroad: recipient countries
are Ireland, UK, Australia, Norway and Burkina Faso.

The degree in GE has a serious problem related with the
scarce penetration of his profile in the society, and so, in
Spain no one doubts about the formation of a Civil Engi-
neering (CE), a Industrial Engineering (IE), a Mining
Engineering (ME), a Geologist (G)... But we can not say
the same for GE, and this fact certainly hampers their
professional development, as was warned by Knill (2003) as
one of the weaknesses of their profession. This point is
corroborated by the results of the survey, with 75 % of
respondents considering the degree is still unknown to
society and that GE is undervalued in Spain; curiously,
among those who have worked or are working outside the
country, the majority opinion is that the GE is much better
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18 Geological Engineers from the University of Salamanca

considered outside our borders. A reason that partially helps
to explain this situation is that in Spain there are some
degrees that have associated professional responsibilities
officially established and regulated by law, among which
are those of some co-workers of GE’s. They thus use their
more advantageous legal situation for progressing inside the
companys at the detriment of GEs. This is opposite to what
happens in other countries like Canada where, after an
initial dispute, the degree is accredited as engineering at
several universities (Hatheway and Kanaori 2001). In Spain
the future in this area is still in the air, and will be linked to
the implementation of a new law that will regulate Profes-
sional Services.

With respect to the adequacy of the tasks performed in
the company and the tasks for which they feel qualified, the
graduates general opinion is that they are suited mostly or
always (61 %), and do not fit in 11% of the cases. The GE’s
share office with IE (46 %) and G (31 %), ME (15 %) and
to a lesser extent, CI (8 %). Faced with II, IM and CI, the
GE believes they have an advantage because of their greater
geotechnical training, but they also feel they lack knowl-
edge of mechanics, electricity (IE), the operation of a mine
(MI) and structures (CI). Faced with the G, the advantage is
the increased ability to manage projects, and as a disad-
vantage less knowledge of geology.

Soil Mechanics and Applied Geology are the most useful
subjects for the GE jobs, calling more attention than other
areas that close to the geological engineering profile such as
hydrogeology, Earthquake Engineering, and Environmental
Engineering, that have not been within the most cited.
Probably this is so because society does not perceive or do
not know the possibilities that a GE has in these fields.

Again 77 % of respondents are satisfied with their
training, and 71 % would complete the same degree again;
lack of careers and lack of recognition within the industry
are the causes signaled for the ones that would not follow
the same degree again. Improvement proposals made by the
respondents are focussed on increasing the practical training
through more field classes and site visits, and also intro-
ducing the use of some of the most used computer tools in
geological engineering. There are also some opinions that
claims to include curricular practical training as compul-
sory, but that polled also suggest that some subjects should
be refocus from a closer perspective to the geological
engineering professional life. In relation to this matter,
Hatheway and Reeves (1997) saw a problem in the fact that
a lot of teachers come from areas far away from the activity
of Engineering Geology; referring to the situation in the
UK, Griffiths and Culshaw (2004) noted not only the lack of
GEs within the lectures, but also the fact that many teachers
had never been in direct contact with the subject. No doubt
the suggestion can and should be taken into account, but the
teacher profile drawbacks pointed out by previous authors
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are also present in the USAL, where there are teachers with
professional experience outside the University, and there-
fore can easily give a more practical approach to their
teaching, but also teachers outside of what society should
and can request to a GE, to whom this task will be more
difficult to address.

18.3 Conclusions

The degree in Geological Engineering has lasted for
10 years since its introduction as an officially recognized
title in the USAL. Students consulted by us show high
satisfaction with their studies, and most of them have found
a place in the labor market. The degree has a dropout rate of
28 %, below the national average for technical careers.

The socioeconomic crisis in Spain is being reflected in
the working life of GEs of the USAL, with an increase in
the time spent to get a first job. Clearly, this is due to the
fact that until 2007 in Spain there was an intense activity in
construction—infrastructure projects and new houses—
which favour the hiring of GEs. Today, with a drastic
reduction in budgets for new infrastructures, the GEs should
turn their eyes to new horizons, without ruling out the job
search outside our borders that some have already suc-
cessfully tackled.

Socially, GEs think they play a second class role within
the areas or departments in which they participate, perhaps
motivated by the lack of knowledge about the possibilities
of a GE, and because another graduates working together
with GEs benefit themselves from professional responsi-
bilities that in Spain are assigned to them by law, which is
not the case today with GEs. The future in this area is still in
the air, and will be linked to the implementation of a new
law regulating Professionals.

The suggestions in teaching aimed towards strengthening
the practical training of the degree. The authors of this study
believe that the organization of an annual journey dedicated
to exposing the alumni professional activity may be a
mechanism to bring the day to day of the profession both to
teachers and students. We also believe that the degree
would get a big boost if curricular practical training turns to
be considered as mandatory, as it happens in other engi-
neering degrees in Spain.
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Introduction

Milena Bertacchini, Doriano Castaldini and Giovanni Tosatti

Abstract

In the aftermath of an earthquake, pseudo-scientific, scaremongering rumours spread very
quickly and with greater effect than correct scientific information. The aim of this article is to
describe the authors’ observations and examine how rumours linked to seismic shocks spread
in the community following the strong 2012 seismic sequence in Emilia (northern Italy).
During the two mainshocks, 27 people lost their lives, over 400 persons were injured and
14,000 families were evacuated. In the weeks following the mainshocks, in collaboration
with other universities and research groups, we carried out field surveys, organized interviews
and public meetings with the local population and held direct contacts with journalists and
reporters. The mainshocks of this sequence (M = 5.9 on 20th May and M, = 5.8 on 29th
May) found the local population culturally and psychologically unprepared. As a
consequence, there were attitudes of suspicion and lack of trust towards the authorities
and the scientific community. Many people considered these earthquakes induced by human
activities such as exploitation of subsurface resources or fracking. Moreover, in spite of the
experts explaining in all possible ways the origin of earthquakes and emphasizing their
unpredictability, the population has given credit to various groundless alarms on the basis of
gas emissions, bubbling water and ground fractures. In order to effectively counter the
spreading of wrong convictions about earthquakes, a constant, updated dialogue must be kept
up between the population and the scientific community.

Keywords
Rumours ¢ Earthquake * Environmental effects ¢ Emilia ¢ Northern Italy

objective facts but rather by the fears and uncertainties of
most of the population (Crescimbene et al. 2012).

Every time there is an earthquake in Italy, and probably not
only in this country, pseudo-scientific information spreads
more quickly and to greater effect than correct scientific
facts. Wrong or irrational information spread as rumours
can have an economic, political, social or cultural origin.
Typically, this misguided information is not supported by
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In this era of global communication and social networks,
there are preferential ways which facilitate and amplify the
spreading of rumours. This happened, for example, with
news appearing on the web concerning the purported pre-
diction of an earthquake in Rome on the 11th May 2011
(Georgiadis and Pescerelli Lagorio 2012; Nostro et al.
2012), not to mention the Mayan prophecy of disasters
potentially resulting from the alignment of celestial bodies
in December 2012.

The aim of this article is to examine how rumours linked
to seismic shocks develop in the community, as observed by
the authors following the strong seismic sequence in Emilia

G. Lollino et al. (eds.), Engineering Geology for Society and Territory — Volume 7, 97
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(northern Italy). In collaboration with researchers from
other universities and Italian research agencies, the authors
have carried out field surveys for detecting environmental
effects and held meetings with the local population, together
with interviews and direct contacts with journalists and
reporters. In addition, further elements for reflection are
suggested in order to deal with the problem of correct
information on seismic events.

19.2 The 2012 Emilia Seismic Sequence
and Its Environmental Effects

The Emilia seismic sequence struck the lower central part of
the Po Plain, in northern Italy. All together, 27 lives were
lost, over 400 persons injured and 14,000 families evacu-
ated (Fig. 19.1).

The mainshock occurred on 20th May 2012 M, = 5.9;
focal depth ca. 6 km), with the epicentre located in the low
Modena plain. A second strong shock took place on 29th May
2012 (M, = 5.8; focal depth ca. 10 km), about 12 km west
of the first earthquake. The seismic sequence, caused by
buried Apennine faulted folds, known as the “Ferrara Folds”,
was characterized by another five My 2 5 events, and more
than 2,500 aftershocks of lower magnitude were recorded
from 19th May 2012 to 19th May 2013 (ISIDe 2013).

According to Di Manna et al. (2012), more than 500
ground effects were recognised, spread over an area of about
700 km?, whereas, according to the Emergeo Working Group
(2013), more than 1,000 environmental effects, spread over
an area of about 1,200 km? were detected. They occurred
during and immediately after the shocks and mainly consisted

of soil liquefaction phenomena, ground ruptures, and water
table fluctuations. About 80 % of the coseismic effects were
induced by the mainshock. Many liquefaction cases triggered
by the 20th May 2012 earthquake were reactivated by the
29th May 2012 event (Di Manna et al. 2012). This seismic
sequence has been analysed from various viewpoints (seis-
mological, seismotectonic, geomorphological, historical
etc.) as shown by many articles (among them, worthy of note
is the volume edited by Anzidei et al. 2012).

19.3 Impact of the Environmental Effects

on the Population

19.3.1 Rumours Attributing the Causes
of Earthquakes to Human Activities

This seismic sequence and, in particular, the two strongest
quakes found the local population culturally and psycho-
logically unprepared, generating attitudes of suspicion and
lack of trust towards the authorities and the scientific
community. One of the main causes of this attitude is lack
of knowledge of the geological features of the territory and,
consequently, a widespread, wrong conviction that the
lower Po Plain is a low-seismicity area. This is also related
to the fact that this sector of Italy is classified as “low
seismic hazard”, although this definition does not mean that
strong earthquakes cannot take place in this area but, rather,
are a rare occurrence.

The main cause of damage is due to the fact that the
norms concerning the planning of new buildings were not
implemented in the affected area before 2003 and in some
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cases, not even afterwards. Therefore, what was really
underestimated in non-scientific circles was the need to
reduce seismic risk (Stucchi et al. 2012).

According to this widespread view resulting from poor
knowledge, the deposits of alluvial soil should contribute to
reduce the effects of seismic shocks, when, in fact, the
opposite is true. One reason for this common mistaken
opinion is the loss of historical memory about strong seis-
mic events of the past. For example, the My, 5.5 Ferrara
earthquake of 1570, characterised by a seismic sequence
lasting 4 years (Solerti 1889), was recalled to mind only
after the shock of 20th May 2012.

As a consequence of loss of historical memory, many
people have attributed the causes of the Emilia earthquakes
not to tectonic causes linked to the dynamics of the
Northern Apennines but to actions carried out by man. Part
of the local population was convinced that the seismic
shocks were triggered by exploitation of subsurface
resources (such as the Cavone oil wells in the epicentral
area) or by fracking activities (i.e. hydraulic fracturing of
subsurface low-permeability rocks). Another element con-
nected to these mistaken beliefs was the planning of a gas
storage facility in Rivara, near the epicentre areas, although
this project was rejected by the regional and local authori-
ties and therefore was never implemented. Since all these
wrong convictions are widespread among the population, in
November 2012 the Emilia-Romagna Region established an
international “Technical-scientific Commission for assess-
ing the possible relationships between hydrocarbon explo-
ration activities and increase of seismic activity in the
Emilia area struck by the 2012 earthquakes”. For the time
being, the Emilia-Romagna Region has decided to suspend
future programmes of hydrocarbon exploration in all the
territory struck by this seismic sequence until the appointed
Commission expresses an opinion. In addition, late in July
2013, the regional Geological and Seismic Survey wrote a
report clarifying the real causes of these quakes (Regione
Emilia-Romagna—Servizio Geologico Sismico e dei Suoli
2013). This report clearly states that there is no relationship
between hydrocarbon research and exploitation and origin
of these earthquakes, also because fracking techniques have
never been authorised. Furthermore, the presence of
hydrocarbons on the ground surface has been a well-known
phenomenon all over Emilia since ancient times and cannot
be considered a premonitory sign of an imminent
earthquake.

In addition, some people even believed that extreme
meteorological events could generate earthquakes: the My,
3.8 quake generated by the Ferrara Folds in the lower
Modena plain on 4th May 2013 was linked to a tornado
which, in the late afternoon of the previous day, had hit the
same area causing considerable damage.

99
19.3.2 Rumours About Earthquake Prediction

In any case, the most important and delicate problem fol-
lowing the Emilia seismic sequence has concerned earth-
quake prediction. Although experts—including the authors—
have repeatedly stressed in all possible ways the unforesee-
able nature of earthquakes, the population has given credit to
various groundless alarms which were spread around. In fact,
a few months after the main seismic shocks of 2012, many
people who had gone back to their homes abandoned them
again out of fear, following the unjustified prediction of future
quakes.

The tragic experiences of the earthquake-struck popula-
tion, have induced some people in the epicentral area and its
surroundings to pay particular attention to natural phe-
nomena occurring in their own territory, wrongly linking
them to premonitory signs of earthquakes.

For example, in mid-February 2013, in the Ferrara plain,
a jet of methane and hot water gushing out from the soil
aroused concern among local inhabitants since it was
interpreted as a precursory sign of a seismic event. Actually,
this vent was coming from a poorly sealed old methane well
and the alert ceased. A similar phenomenon, accompanied
by gurgling of water and gas (Fig. 19.2a), took place in May
2013 in Mantua province. In this case, it can be explained as
the emission of atmospheric gas (mainly nitrogen) due to
the rising of the water table (Fig. 19.2b). In mid-August
2013, at the outskirts of Ferrara, a ground fracture
(Fig. 19.2a) similar to those occurring in the 2012 seismic
sequence (Fig. 19.2b), was observed and reported sensa-
tionally by the local media. However, this crack was caused
entirely by soil settlement. Furthermore, in the epicentral
area, many people observed a marked increase—up to
400 cm—of the water table inside phreatic wells, confirmed
also by instrumental recording, usually occurring some days
before and during the mainshocks. In some cases an
increase in water temperature was also observed from irri-
gation wells, but it was later verified that this phenomenon
was related to the overheating of water pumps clogged with
sand (Marcaccio and Martinelli 2012). The memory of these
anomalies in the people of Emilia created alarm and fear of
a new earthquake when similar phenomena were observed
during a heavy rain period in spring 2013 (further infor-
mation on the problem of earthquake prediction can be
found at INGV-DPC Project S3 2012-2013).

19.4 Final Remarks

The meetings and conferences between the authors and the
earthquake-struck population of Emilia have helped in
understanding the importance of a constant, updated
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Fig. 19.2 a Bubbling water in a field near San Giovanni del Dosso
(Mantua Province) on 16th May 2013, b Soil liquefaction in progress

on 29th May 2012 triggered by the My 5.8 quake at Moglia di
Gonzaga (Mantua Province). Sources a A. Zibordi; b L. Righi

Fig. 19.3 a Ground crack noticed in mid-August 2013 at the outskirts
of Ferrara, b ground crack formed by the 20th May 2012 M. 5.9 quake

dialogue between the population and the scientific com-
munity in order to wipe out irrational fears and discredit
tales and wrong ideas about earthquakes (Fig. 19.3).

The dialogue is continuing by means of various activities
organized by the authors, among which a course directed to
high-school teachers and a collaboration with the Munici-
pality of Rovereto s/Secchia for setting up an earthquake
museum project. Only constant dialogue and comparison
will be able to provide people with correct information and
advice on the most appropriate behaviour in case of seismic
shocks. Scientists should also remember the role of local
populations as keepers of their own territory and as irre-
placeable witnesses of any change occurring on their land.
Therefore, the dissemination of scientific culture should be
promoted by taking into account not only technical criteria
and scientific arguments but also the cultural and traditional
aspects of a given territory (De Marchi 1996).

across the football pitch of Mirabello (Ferrara Province). Sources
a and b D. Castaldini
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20.1

Giuliana D’Addezio, Giuliana Rubbia, and Antonella Marsili
and The Laboratorio Didattica e Divulgazione Scientifica Team

Abstract

ScienzAperta, i.e. Open Science, is an outreach week conceived and promoted by the
Laboratorio Didattica e Divulgazione Scientifica of the Istituto Nazionale di Geofisica e
Vulcanologia (INGV). Every year ScienzAperta is an opportunity to open to the public and to
share with the community the places where research is performed, through events distributed
in different times and places, with scientific exhibitions, hands-on laboratories for kids,
meetings and seminars with researchers and guided tours to scientific laboratories. All the
activities have the common idea to intrigue, interest and stimulate audiences of all ages.
Some of these initiatives have been organized jointly with other institutions and research
institutes, cross-pollinating disciplines. On the occasion of the 2013 edition, questionnaires
have been distributed among adults and children during the Open Day held in INGV Rome
headquarters. Features of initiatives performed during the three first editions as well as hints
from appreciation surveys are illustrated.
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Introduction: An Open Science Week

ScienzAperta is an outreach week promoted by the Labor-
atorio di Didattica e Divulgazione Scientifica of the Istituto
Nazionale di Geofisica e Vulcanologia (INGV). This ini-
tiative was born in 2011 and it stems from the original
“Week of Scientific and Technological Culture” promoted
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by the Ministry of Education, University and Research
(MIUR) of Italy. It is intended to respond to the needs and
the requests of the community for more information on
issues regarding our planet. Since Italy is a place prone to
seismic and volcanic activities education and outreach
programs play an important role to convey simple, clear and
complete information able to contribute to a better under-
standing of the territory features and the related hazard and
risk. This approach derived from the consciousness that
preparedness is the best way to live with and to mitigate
natural hazards. The common goal is to engage the com-
munity in a correct, straightforward and efficient commu-
nication on scientific research and technological
innovations. In a world that request citizens to be more
informed, aware and able to make crucial decisions about
their own health and safety, the knowledge is crucial to
handle doubts and to know how to choose with
consciousness.
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ScienzAperta weeks include events of different kinds,
which are conceived for both general public and schools.
Events are held in INGV headquarters in the Italian territory
as well as in museums and cultural centres. In the three past
editions, programs have been organized in the INGV
headquarters of Rome, Catania, Naples, Genoa, Arezzo,
Pisa, Portovenere and Grottaminarda. Events are scheduled
over 5-6 days in Spring. Content covers the different sec-
tors of INGV scientific mission. Event types include: sem-
inars held by researchers, guided tours of laboratories and of
seismic surveillance rooms, educational tours for students,
exhibitions, educational games, movies and debates, sci-
entific theatre performances and concerts. Programs, photos
and press reviews are available on the dedicated website
http://www.scienzapertaingv.it. Aims of the paper are to
illustrate into details features of ScienzAperta and to com-
ment feedbacks from public.

20.2 ScienzAperta in Rome

We describe the most noteworthy events organized specif-
ically for the INGV headquarters in Rome. In each of the
three editions we welcomed 1,000-1,200 visitors of all
ages. The first edition was co-organized with another
research institute, Istituto Nazionale di Ricerca per gli
Alimenti (INRAN). On this occasion, geophysics was
linked to food and health, for example presenting geody-
namic evolution of the Mediterranean and evolution of the
Mediterranean diet.

In all three editions, events that efficiently link scientific
information to music were also organized, engaging the
emotions of the audience in the transfer of knowledge. These
events where conceived as evening happenings for the gen-
eral public, as concerts which follow the scientific seminars
such as: “Seismic waves, sound waves: from earthquake to
music” (Hunstad et al. 2013); “A musical journey among the
Italian earthquakes”, aims to raise the awareness of the great
historical earthquakes of the Italian peninsula, making a
historical and musical journey through the regions hit and
using the local folk music to revive the popular traditions
(Marsili et al. 2013). “Waves sympathy and music”, exper-
iments that help in understanding the features of seismic
waves and reducing damages upon buildings. “Landscapes,
territory and wine” was conceived as a new geo-enological
event, presenting a journey in the Italian peninsula to
understand the link between geodynamic phenomena, land-
scapes and earth products, followed by a wine degustation.

G. D’Addezio et al.

20.2.1 ScienzAperta: Seminars and Debates
with General Public

According to European and Italian citizens, scientists who
work in public research centers are the most authoritative
professionals to explain social impact of science and
technology (EC 2010). In this line, we proposed seminars
regarding topics of general, current and sometimes crucial
interest, implying a continuous interaction with research-
ers. For example, for the 2011 edition we proposed sem-
inars on Fukushima, Japan, earthquake and on outstanding
aspects related to the perception of seismic risk in Rome
(i.e. Rome: not only earthquakes). The latter format were
used also for the Open Day devoted to the presumed
prediction of a devastating earthquake in Rome on May 11
which concerned Roman inhabitants and tourists (Amato
et al. 2011).

20.2.2 ScienzAperta: Educational Games,
Hands-on Laboratories and School
Calendars for Kids

In all programs special attention has been devoted to ini-
tiatives dedicated to schools and teachers, with hands-on
laboratories on earthquakes, volcanoes, of course, and also
on INGYV researches in Antarctica.

During educational path students meet up geosciences
researchers that works in the field of the natural hazard.

The ScienzAperta week includes also both the promotion
and the award ceremony of a drawing competition for
children of primary schools. The intent is to provide a
pleasant stimulus of discussion both for teachers and pupils
about earth sciences arguments. Schools participate with
enthusiasm and send drawings made by children on a
specified theme, different each year. During the 2011 edi-
tion, the drawing competition for 2012 calendar was
inspired by the International Year of Sustainable Energy
and the calendar “Mission possible: let’s save the world”
was launched; in the same occasion, the calendar of the
previous year “I am a scientist too! Science and scientist
from the children point of view” was awarded. The analysis
upon hundreds of collected drawings revealed precious
elements of image of scientists in kids (D’Addezio et al.
2013). The 2013 calendar “In the heart of earth” was
intended to illustrate all those phenomena which occur
under our feet, while the 2014 one “The magic of water” to
raise water resources awareness.
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Fig. 20.1 Pupils and their
parents attending a laboratory
about volcanoes held by a
researcher in INGV Rome
headquarters’ courtyard on the
occasion of ScienzAperta Open
Day in April 2013

20.2.3 Scienzaperta: The 2013 Open Day:
Laboratories, Games and Theatre

On the occasion of the 2013 edition, the Open Day occurred

on Saturday April 20th in Rome INGV headquarters

(Fig. 20.1). It included visits to laboratories for adults,

educational games and hands-on laboratories for kids, an

exhibition and a performance of scientific theater, suggested

from a previous experience of narrative (Lanza et al. 2013).
Questionnaires have been distributed during the second

part of the afternoon. We collected 33 questionnaires

compiled by children, while 42 by adults.

Although in small percentage in comparison with the
number of visitors of the whole Open Day, that summed up
to hundreds, compiled questionnaires revealed some pre-
cious hints about users themselves, appreciation and mar-
gins of improvement of the initiatives, both in organization
and in content.

Here some of
questionnaire:

e Did you find the visit/lab/seminar/game/show: interest-
ing-boring; easy-difficult; useless-useful; unorganized-
organized?

e Does your knowledge of these arguments come from:
studies, work, outreach books, documentaries and TV
programs about scientific arguments?

e Do you think that those information you received were
appropriate to deep your knowledge? Yes, no. If yes,
which of them?

the questions addressed in the

e Was there something unclear or that you did not
appreciate? Yes, no. If yes, which item?
e Do you have any opinion or suggestion about the visit?

Adults of all ages, 25-80 years old, as well as pupils,
4-11 years old, participated to the different visits. Adults,
mainly women (62 %), have all a degree or an university
degree, and half of them have already visited a scientific
exhibition or a research center. Visitors were employees,
retirees, teachers and professors, students and researchers,
housekeepers and also physicians, lawyers, craftsmen and a
musician. For most people background knowledge derives
from personal interests in documentaries and TV programs
about science, for a fewer from educational books, specific
studies and professional related reasons.

75 % of visitors took part to at least three events in the
program, such as the visit to the seismic surveillance room,
the scientific laboratories, as well as the performance of
scientific theater, 25 % attended them all (Fig. 20.2).

Information acquired during the visits were perceived as
useful to get more in depth with the topics by % visitors.
Nothing was perceived as not clear, and a few visitors wrote
also appreciation comments and invited to repeat such
events more frequently. An university student in geology,
male, 30 years old wrote “It has been a wonderful experi-
ence, and very useful with regards to the faculty I attend. In
my opinion such Open Days should be organized more
frequently”. A craftsman suggested that “a ticket would be
appropriate. Public research funding are not enough”. We
choose these comments because they are not only
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Fig. 20.2 Percentages of visits
according to adult responders of
the questionnaire

Fig. 20.3 Perceptions about the
educational games. Mean values
on a 1-4 Likert scale are plotted
for each game: 1 What (rock) am
I touching?, 2 The plate tectonic
puzzle, 3 What shall I do in case
of an earthquake?, 4 What shall 1
take in case of an earthquake?
Respondents are 18 girls and 11
boys, 4-11 years old

interesting but also much more grounded in the context than
we can expect from general public.

A woman retiree appreciated courtesy of the staff. A
couple of students suggested to separate children from adults.
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On a four degree scale, children perceived the activities
performed during the games as very interesting, very useful,
well organized, but in some cases not so easy to be under-
stood. In all, information acquired during the visits were
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perceived as useful to get more in depth with the topics and
half of children explicitly wrote the arguments of the lesson
learned: plates and their positions, volcanoes and volcanic
rocks, how to behave in case of an earthquake. (Fig. 20.3).

20.3 Conclusive Remarks

As stated by the European Charter for Researchers,
researchers should ensure that their research activities are
made known to society at large in such a way that they can
be understood by non-specialists, thereby improving the
public’s understanding of science (EC 2005). ScienzAperta
at INGV is an outreach week which is intended to go in this
direction through a wide range of educational and dissem-
ination events for people of all ages; after three years, it
would be close to become a routine institutional appoint-
ment, provided that resources are available; feedbacks from
public appear encouraging, and visitors ask for repetition of
these outreach programs. In this light and based on the
gained experience, new formats and new ideas will be
designed for future editions.

Science communication can be considered a tool in risk
mitigation strategies, but also a tool to promote science
study, and science as possible student’s choice for their
future carriers. A long-term effort in educational programs
is essential. But, how can we measure long term effect on
public? How can we measure and increase society appre-
ciation and recognition of our research center? What about
evaluation of careers for researchers involved in these
“third mission” activities? Careful considerations about
performance indicators of such initiatives are desirable, in
order to overcome the “goodwill exercise with no reward”
stereotype of public engagement activities; it seems that
both institutions and individual researchers have to put
more efforts upon this issue, for example referring to rating
models described in Neresini and Bucchi, (2011). Ethical
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perspectives are also to be kept in mind, like those invo-
cated by Matteucci et al. (2012), involving responsibility of
geologists as professionists and communicators in geo-
hazards prone countries, like Italy.
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21.1 Introduction

Francesco De Pascale, Marcello Bernardo and Francesco Muto

Abstract

In this work, certain aspects of the Pollino territory’s hazardscape are analysed. Pollino spans
the border area between the Italian regions of Calabria and Basilicata which has been the
centre of a seismic swarm (up to Mw 5.6) over the last 3 years. The factors which have been
taken into consideration in this research have been true risk, perceived risk and local
resilience. Therefore, the study focuses upon the role of seismic risk perception in
strengthening, or not, local resilience and individuals’ behaviour. The research develops
through the use of direct and indirect sources. Interviews were used to discover what level of
knowledge people have and how it relates to their age, experience and where they are from.
Field work was carried out focusing on ‘mental map’ and questionnaires. The relation
between hazardscape and community response highlights the awareness, perception, past
experience, response culture and trust in various response measures and agencies. This helps
to identify the areas and causes of weakness and shortcomings that contribute to the social
vulnerability and break down in the equilibrium between the population, environment and
resources, the most frequent reason for the triggering of catastrophes.

Keywords
Geoethics ¢ Geography of perception * Hazardscape ¢ Resilience * Seismic risk

began in early 2010, has given rise to great anxiety in the
local population and authorities because of its duration over

The recent seismic activity in the Calabro-Basilicata border
area (Fig. 21.1) has exhibited certain relevant sequences,
the most important of which occurred in the Mercure
structural depression in September, 1998 (Mw 5.6, Broz-
zetti et al. 2009). The present seismic sequence, which
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time and numerous peaks in activity, with many events
being clearly felt. The south-western part of the Pollino
Massif has average seismicity, at least with regards the
information that we currently have (INGV 2012). The
occurrence of several earthquakes along N-S striking faults,
in the northern Calabrian sector suggest their still ongoing
activity. The northernmost part of the Crati basin, bordered
by the crustal Pollino fault, is characterised by an important
seismic gap; this contrasts with the geological evidences of
NNW-SSE striking faults outcropping in the Castrovillari
area, active during the Quaternary. North to the Pollino
fault, a series of fault segments shows historical and present
activity. The municipalities affected by the sequence are
classified in zone 1 or 2 on the map of seismic danger.
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Fig. 21.1 Major faults and seismicity in the Pollino area and
Northern Calabria, from Brozzetti et al. 2009. The municipalities
involved in the present study are classified in zone 2 on the map of
seismic hazard (from INGV)

21.1.1 The Role of Geoethics and the Geography
of Risk

In collaboration with geological analyses and the geography
of risk, geoethics (Peppoloni and Di Capua 2012) forms an
important component to inform the population and to fur-
ther develop integrated risk management approaches that
can enhance the resilience of communities. For example,
there is an OCSE report for the 2009 L’ Aquila earthquake
which makes specific political recommendations and pre-
sents concrete options with the aim of increasing the resil-
ience of the Abruzzo region to future shocks. The report is
inspired by experiences in other OCSE regions, both those
where natural catastrophes brought about a revision of the
development model and those long term decline brought
about a revision. The sharing of such experiences can pro-
vide examples of the political options and governance
available for the reconstruction of a region so that it will be
stronger, more resistent and more prosperous in the long
term. Community involvement in the improvement of the
region’s post disaster decisional process was also examined
with reference to the difficulties encountered in L’Aquila
following the 2009 earthquake and the evaluation some of
the recent initiatives taken in that city to recreate social
cohesion and collective involvement (OECD 2013). Given
the premise that earthquake prediction which is useful for
emergency management is not possible at present, it is
essential to recognise that different forms of intervention
which might mitigate and prevent seismic risk are possible.
Indeed, it is clear that the effects of seismic events (in terms
of economic, social and political activity) are always a

F. De Pascale et al.

direct consequence of physical damage and the impact it has
upon a community’s capacity to react. Over recent years,
earthquakes in Italy have demonstrated that the damage
done to buildings (both public and private) has been the
main cause of loss, while community resilience, i.e. the
system’s capacity to adapt to new, negative conditions, has
been generally non-existent. In the long run, a return to
normality has generally been due to substantial economic
investment, often with no consideration of long-term plan-
ning strategy. If these resources had been employed in
preventative mitigation policies, they might have produced
significant economic growth, increased (or, rather, created)
resilience and, as a consequence, avoided many deaths
(Vona et al. 2012).

21.2 A Questionnaire in the Schools
of Pollino Based on New Assumptions

in the Geography of Perception

This research included giving a questionnaire to primary
(4th and 5th year, 9-10 years of age) and lower secondary
school pupils (between 11 and 13 years of age) in some of
the villages effected by the Pollino earthquakes so as to
evaluate pupils’ understanding and how it correlates with
age, experience, locality and perception of seismic phe-
nomena. The sample was made up of 542 students. The
questions referred to direct earthquake experience, reac-
tions, behaviour before and after the earthquake, safety of
the school and the home. Emergency plans and the termi-
nology specific to seismic risk, awareness of the risks within
the municipal area, territorial organisation with regards
earthquakes and how they are perceived of. The final
question asked the pupil to design a “mental map”
regarding what to do should an earthquake occur while they
are in the classroom with classmates and the teacher. Per-
ceiving one’s living space is the equivalent of symbolically
representing reality through a mental image which lies
between the individual and his/her environment. Before
giving out the questionnaire, a lesson was given, in col-
laboration with young graduates in geology and geographic
and humanistic disciplines from the University of Calabria,
on earthquakes and the correct behaviour to adopt in the
event of one. The sample taken into consideration covered
Pollino geographically by taking in municipalities from
Basilicata and Calabria; Basilicata: Terranova del Pollino
(44 students), Noepoli (24 students), Cersosimo (18 stu-
dents) and San Costantino Albanese (20 students); Calabria:
Mormanno (99 students), Morano Calabro (134 students),
Castrovillari (95 students), Laino Borgo (85 students) and
Laino Castello (23 students).
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21.2.1 Individual and Community Resilience
and Pupil’s Behavioural Attitudes

The first studies of resilience (Anthony 1974; Garmezy
and Rutter 1983) were aimed at understanding the process
through which children who have had difficult experiences
activate strategies which can help them reach a positive
resolution of the stressful event. The longitudinal study
carried out by Werner (1989) on the island of Kauai
allowed certain typical characteristics of resilient children
to be identified. These children appear to be active,
autonomous, are of a “good” character and are able to
establish positive relationships with others, look after the
weak and make use of their own abilities. In the case of
Pollino too, students help colleagues in difficulty during
the seismic event. On the other hand, it is the fear of
earthquakes which has brought about this de facto soli-
darity around a common object and is the starting point for
socialisation. Firstly fear and then confusion are the most
widespread reactions among the pupils. As suggested by
Boschi (Minciaroni 2012), fear is a justified and positive
sentiment when buildings are poorly constructed. The fear
which true danger triggers causes us to behave in such a
way as to avoid that danger, while panic, even when
generated by true danger, leads to dysfunctional and,
sometimes, dangerous behaviour. With repetitive seismic
activity, habit slowly takes over from fear during the
intervals between events.

In the context of the Pollino seismic swarm, pupils tended
to grow accustomed and, in some cases, became indifferent.
However, the fear remained. Only 26 % of the Basilicata
pupils managed to keep calm during an event. This is
another positive element which renders the work of the
Basilicata teachers easier, but is in contrast, as we shall see
shortly, with the situation for Calabrian teachers who have to
deal with their pupil’s agitation and anxiety. Another posi-
tive element is the trust in their homes which the vast
majority of pupils of both regions expressed. This is due to
the fact that they are often recently built according to anti-
seismic regulations. These aspects can be included among
the protection factors which are of influence in the context of
individual and community resilient behaviour (Table 21.1).
An impulsive character trait emerges from pupils’ percep-
tions which brings to mind the Calabrian impulse for
catastrophe (Teti 2004). This emerges from the dangerous
tendency to rush outside during and after the earthquake.
The feeling that one’s school is unsafe which the Basilicata
children manifest and the perception of a “disorganised”
territory on the part of a significant percentage of students
are alarming facts which should make local institutions
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reflect. These fundamental facts are factors of risk with
regard resilient behaviour, again within the context of
individual and community resilience (Table 21.1). In her
direct testimony regarding earthquakes, a thirteen-year-old
schoolgirl from Morano Calabro affirmed, “the last earth
tremor was on 26th October, 2012. I was sleeping at that
precise moment. I was very afraid and stayed in bed,
immobile. I live in the old town and, although our house was
destroyed, many old houses were not. My family and I went
to sleep at my aunt’s for a few nights. Her house is anti-
seismic”. The perception that many of the Pollino pupils
have of their territory as being “ancient” brings back his-
torical ideas and recollections of earthquakes and the pres-
ence of ancient settlements and sites which were destroyed
by past seismic activity. Indeed, it is common in Calabria to
come across “doubles”, where old settlements have been
abandoned and new ones built nearby, or sometimes, even,
in the same position. There are some historical episodes
which are rationally inexplicable, such as villages which,
although completely destroyed by earthquakes on different
occasions, have always been rebuilt in the same place. It is
difficult to say why this happens, although ignorance cer-
tainly plays a part. However, ignorance is not simply a not-
knowing of things (with respect to not knowing, it is very
important that the culture of the territory is a part of the
population’s social education from the start of schooling,
and that geological faults, for instance, are talked about at
primary school in certain seismic areas). As psychoanalysis
indicates (Freud 1976), ignorance can also be the removing
of a trauma. Indeed, unless it is an action of collective
removal, it is difficult to understand how earthquakes are
forgotten about, sometimes within so few years that the
younger generations of today can still have a direct con-
versation with those who were present. This makes us reflect
upon a facet of reality which is of great weight at times of
important decision making, but can not be grasped by the
networks of rationality, i.e. logical deductive discourse: a
removal of such importance is a warning, a clue to some-
thing prevalent and profound, an instinct which is stronger
than others, which is stronger even than the intention to
reason itself. This instinct involves the affective identifica-
tion of the inhabitants with the place where they live
(Mazzoleni 2005). In some ways, this constitutes a negative
factor for territorial resilience because emotive, affective ties
with a place of birth contribute to the increase of exposed
value and vulnerability through the presence of people and
buildings in areas of high seismic danger. In other ways
though, ties to the territory also constitute a positive factor in
that they act as an important driver to continue and survive in
one’s native community.
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Table 21.1 Protection and risk factors in the context of individual and community resilient behaviour

Protection factors in the context of individual and community resilient
behaviour

26 % of the Basilicata pupils managed to keep calm during a seismic
event

The most common reaction was fear (58 % in Basilicata and 71.1 %
in Calabria). The fear which true danger triggers causes us to
behave in such a way as to avoid that danger

After the event 68 % (Basilicata) and 74.3 % (Calabria) declared said
they followed the teacher and 70 % (Basilicata) and 72 %
(Calabria) offered help to colleagues in difficulty

Most pupils (93 % Basilicata, 91.2 % Calabria) gave correct answers
with regard the behaviour to adopt in the event of a seismic
movement, i.e. get under your desk or a door architrave.
Moreover, 88 % in Basilicata and 80.5 % in Calabria said that
they should keep away from windows, cupboards and the
blackboard

In Calabria, 51.38 % of the secondary school pupils and 50.67 % of
the primary school pupils considered their school to be a safe
place

A clear majority of pupils think that their home is safe with regard
seismic risk (Basilicata: 68.57 % primary school and 54.92 %
secondary; Calabria: 80.4 % primary and 73.95 % secondary)

79 % of the students in Calabria and Basilicata know that it is
impossible to predict when and where an earthquake will occur,
but that the dangerousness of an area can be evaluated

An increasing number of pupils consider human factors to be
influential with regard catastrophic events (8 % Basilicata,
12.84 % Calabria)

21.3 Conclusions

The pupils in Basilicata involved in the research showed a
level of feeling and response to the seismic risk which was
no more than average. The situation in the Calabrian schools
was better, due principally to the work of teachers who
periodically conducted lessons in class on the correct
behaviour to adopt in the event of an earthquake. The
teachers complained, though, about the lack of initiatives by
competent institutions from outside the school to encourage
lessons for deeper study of the Pollino seismic activity and
of the correct rules of behaviour in the case of a seismic
event. Pupils showed a good level of intellectual curiosity
during the lesson in class, where some slides were shown,
before the questionnaire was given out, demonstrating
interest in the argument and asking us questions. Besides
certain behaviour which needs correcting and other signs of
alarm with regard the lack of safety of their schools and
territory which should be studied at a later stage and indi-
cated to families, schools and competent institutional

Factors of risk in the context of individual and community resilient
behaviour

33.2 % of the Calabrians immediately ran outside

17 % of the Calabrians declared that one should get out of the
building immediately, during a seismic event. This answer,
confirmed elsewhere, shows how the unstable, impatient,
impulsive and bilious Calabrian nature, a recurrent theme in many
descriptions of southern Italian regional characters

After the event, the Calabrian tendency to run outside is confirmed
(49 %). Only 32 % of the Basilicata pupils have this inclination

Another very common reaction to the earthquake was confusion
(24 % Basilicata and 40 % Calabria). Anxiety was less common
(7 % Basilicata, 13 % Calabria). A significant number of students
also “froze” during the earthquake (15 % Basilicata, 18.34 %
Calabria). If these symptoms are not attended to, they may
represent the prelude to more serious and invalidating
psychological disturbances

59.15 % of the Basilicata secondary school pupils declared that their
school building was not safe in terms of seismic risk

76 % of the Basilicata pupils stated that the Fire Department was
responsible for the emergency plan in their replies

58 % of the Basilicata pupils didn’t know whether there was an
emergency plan in their municipality of residence

The perception of a “disorganised”, “not looked after”” and “ancient”
territory on the part of a significant percentage of Basilicata
students (29 % “disorganised”, 39 % “not looked after” and
35 % *“ancient”) is an alarming fact which should make local
institutions reflect

organs, most of the pupils gave correct answers to the
questions on the questionnaire. This was without forgetting
man’s fundamental role as it can be decisive in triggering
catastrophes and influencing their impact. Indeed, as a large
group of pupils indicated, a correct environmental planning
might help limit damage to the territory. Within the context
of spatial perception, the most advanced “map” was drawn
by a pupil from Basilicata. This “map” was of the 5th stage
(with a more geometrical graphical layout), objectively
correct from a Euclidean point of view, and the product of
“cognitive mapping” (Downs and Stea 1973) that was a true
process of mental cartography, which evolved from simple,
approximate maps to something that was more complete and
correct, and was closely related to development of the
capacity for orientation and the reference system adopted.
Most of the pupils involved in the study declared that they
had first heard about earthquakes from the television.
Indeed, the media constitutes one of the most important
vehicles of risk communication. In the case of this research,
a comparison between real and perceived risk (initially
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considering pupils at primary and lower secondary schools
and then involving adults) is useful to help us understand
how the future of our society depends upon social decisions.
It emerges from our results that, at different levels, pupils
only have an average awareness of risk with respect to the
area’s high level of danger. However, the road is still long
towards achieving a resilient community of young people
who should be rendered even further aware through the
promotion of risk knowledge, the transmission of historical
and ecological memory, encouragement to acquire positive
individual and social behaviour for the reduction of risk, and
initiatives through which the territory and its inhabitants can
be placed at the centre of an analysis of risk.
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Abstract

Territorial and environmental problems demand, now more than ever, and particularly in Italy
where the situation is dramatic, the constant presence of the geologist in all social, cultural,
economic and territorial contexts. It is necessary to act with greater authority and to make the
public aware of how the territory in which they live can be both a source of risk and a resource.
Knowledge is the key tool; the diffusion of scientific heritage, using well known and appreciated
topics that are more accessible to the public, may represent one of the goals for the
communication and sensitivity versus natural disasters. From the latest dramatic events in Italy
emerged the need to create a new kind of communication that can activate a wider and conscious
target, providing society with correct and clear information about the geo-environmental
conditions in Italy. There is an obvious need for a new approach to the problems related to the
complex context that now shows us a planet going beyond the critical point. A holistic approach
is imperative, that is a one that considers the environmental and social ecosystem in its entirety,
providing all policy makers with a realistic view of the situation and of possible developments.
In fact, a big problem for scientists as well as for society, is the prediction of natural disasters.
Knowing what is going to happen, as accurately as possible, is the key to be able to provide an

effective warning of the population and plan action to safeguard people and properties.
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22.1 Earth Science, Landscape
and Environment

The many territorial and environmental problems, which
increasingly end in dramatic circumstances, demand the
constant presence of geologists in all social, cultural, eco-
nomic, and territorial contexts. Today more than ever,
efficient and timely participation in actions to protect the
environment as well as making the public aware of the
importance of preventative measures especially in regards
to natural hazards, must be a priority for geologists. The
geological landscape is an excellent vehicle for education
about the environment and about Earth Sciences; it is a
result of endogenous and exogenous activity that create and
form the Earth’s surface while at the same time it can be
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considered the result of the interaction of many natural and
cultural components (Turner et al. 2001). Awareness,
therefore, that the Geosciences can be a powerful tool for
achieving and sharing a “sense of environmental identity”
deriving from an awareness of being part of an ecosystem,
is obtained through knowledge and experience of and in the

environment (Lugeri 2011).

We will illustrate various ways of studying and
researching the landscape that open up new interpretations
and ways of understanding landscape as an element of a
system in which geology plays a primary role and acts as a
catalyst to arouse emotions that otherwise would not be felt
or appreciated. In this way it is possible to communicate
and spread information about natural hazards and raise the
public awareness about natural hazards and risks.

The relationship between the components of landscape
and the environment it- self is a very close one, such as the
cause and effect of natural phenomena and the biotic
component, and they are in turn, reciprocal. The concept of
“environmental diversity” can be understood as the inte-
gration of geodiversity and biodiversity and its components
can be subdivided in hierarchical levels. Conservation must
therefore consider the integrated studies about living
organisms, habitats, ecosystems, and geological heritage.

Landscape is everywhere, but it must be understood and
appreciated as heritage, and, at the same time, it must be
protected in order to become a resource. The quality of
landscape affects social and individual well-being, as
underlined by the statement of the European Convention on
Landscape (2000). The key role of landscape is its per-
ceptive and symbolic value; from our first contact with the
environment we perceive landscape as a source of emotions
that translates into an awareness that landscape is also a
source of resources and of risks, which should be identified
and understood” (Farabollini et al. 2013a).

The aims of a systemic approach to landscape in the
divulgation of geosciences are the following:

e establish the principles and criteria of theoretical refer-
ence and methodologies for the study of landscape and
for the communication of its components;

e provide an environmental diagnosis and assessment,
including specific indicators and qualitative and quant-
itive models;

e provide synthetic models for forecasting the evolution of
landscape;

e influence choices
management;

e increase the culture of prevention through knowledge of
natural hazards and of associated risks;

e allow monitoring of planned action.

Cartography, digital cartography and GIS in particular are
instruments that permit the representation of the connection
between nature and culture. Maps are the most comprehensive

about conservation and land
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tool to arrive at an in-depth understanding and a clear image of
the areas in question. Thematic maps provide the identifica-
tion and the visualization of the natural environment and
constitute a necessary basis for the evaluation of its condition,
and, at the same time, they represent a powerful medium for
the public’s use. The overlaying of thematic maps (for
example geological, geomorphological, and physiographic
maps) and the integration of collected data permit the identi-
fication and definition of the areas of greater natural and
cultural value. This approach is particularly suitable for
the Italian territory, where the distinctive features of the
landscape add an ulterior element of cultural diversity, which
over millennium has been highlighted in painting and
literature.

22.2 Dissemination of the Geosciences
Through Geotourism

The study of landscape must be addressed as a complex
process. Only through the integration of all components of
the system being studied, its geomorphological and eco-
logical features and its cultural aspects, is it possible to
arrive at a complete understanding of the landscape. In
recent years a new theoretical approach to Geosciences that
integrates nature and culture has been developing, and this
has introduced new powerful educational tools and has
stimulated greater communication between researchers and
local land managers. This approach has proved essential in
creating a new type of dissemination of the Geosciences and
of the natural heritage in order to involve the whole society
in common actions for sustainable land management
(Angelini et al. 2012). A good example of the link between
nature and culture is the connection between Earth Sci-
ences, natural landscape, and oenogastronomy.

In this context, a journey through landscape is like a
journey through the Earth Sciences. For the modern geol-
ogist, the integration of the complex aspects of landscape
and the historical development of certain areas of particular
interest, with the main aim of creating public participation,
can be achieved by utilizing nature, culture, and sport. The
discipline of Geosciences seeks to understand the history
and the evolution of our planet. By way of geological and
geomorphological sites it is possible to make the places
known where the evolutionary processes are most evident,
giving rise to that which is commonly called “Geotourism”
(Lugeri et al. 2012).

Talking about landscape, its forms and its origins, using
clear language and models that aid comprehension, would
allow people to understand how many of the places of great
scenic beauty and geological interest were formed and
would result in an awareness that these geosites should be
protected (Larwood and Prosser 1998).



22 The Role of Earth Science and Landscape Approach

117

x b

50 s+ S skt bl o
- v Eawar Soeemes Speess @

Y adi Az g

Fig. 22.1 The physiographic units of Italy map (right) from geological map (in the upper left) and “Carta della Natura” map (bottom left)

A suitable instrument for the spreading and populariza-
tion of Geosciences through geosites and geotourism, and
thus making it possible to create itineraries that give a
conscious understanding of abiotic aspects of a territory, is
the GIS and connected databases (Fig. 22.1). The use of
methodologies such as those that present and make known
the geotouristic elements of a territory (cards, pictures,
charts, maps, panels, audiovisuals etc.), derives from the
accurate identification of geosites according to their
uniqueness, their ability to be representative teaching
models and that show, by their physicality together with
strong elements of scientific knowledge, the stages of the
geological evolution of the area (Fig. 22.2).

22.3 Earth Science, Natural and Cultural
Heritage in the Fiction and Sport

A well-known Italian television series, “Il Commissario
Montalbano”, adapted from the novels of Sicilian writer
Camilleri, used as backdrops some of the most interesting
and important natural sites of international importance,
some of which are included among the sites declared by
UNESCO World Heritage. In fact, the stories are set in
landscapes and archaeological sites in Sicily, spectacular
and significant components of the Italian natural and

cultural heritage: in particular, many of them were shot in
the Val di Noto, Ragusa, Modica, Scicli, Agrigento, in
Syracuse and the Aeolian Islands.

The landscape, in particular, as a major component of the
set of the film, offers new communication codes to spread
scientific knowledge: in many episodes of the series, the
arrangement of the geological landscape is an important
component for the dramatization. The natural setting gives
it a special significance, where the local population, as well
as the many tourists who visit the island, they recognize the
area and therefore can more appreciate its value (Magazzino
and Mantovani 2012). Communicate the natural and cul-
tural heritage through film and fiction could represent a new
way to engage the public to appreciate the landscape and to
promote eco-tourism and sustainable development in Italy
(Lugeri et al. 2012).

Cycling, popular sport par excellence, is a spatial-tempo-
ral relationship between individuals, communities and soci-
eties. The Tour of Italy (it has recently been de- fined as “the
toughest race in the world in the most beautiful country in the
world”) is the most popular race in our country and is a means
of great communicative potential and multifunctional.

The possibility to show to the general public (and even
athletes) the geological and geomorphological components
of the places visited by the various stages of the race,
describing the main characteristics and peculiar geological



P. Farabollini et al.

Geositesand
geomorphosites:

1-Mud voleanoes;
2-Badlands;

3- Landlides;

4- Glacis;

5-Loess;

6- Selective erosion;
7-Stratigraphicboundary;
§- Alluvial deposits.

Geomorphological
itinerary,

~

C_ ltinerary of the

«Badllands
morphologies» Eeged P

e E o
D_ Educational
Sedimentological . itneraries
itinerary N

O Geositi

. <k Punti panoramici

. = Ristoro

@ Grotta

.+ == Area pic nic

- 0 & Strutture per disabili |
: VT

a- Rotella town;
b- Adscensione mt.;
c- Ripaberarda
- flow;

d- Case Silvestri
badlands.

Fig. 22.2 Example of earth science divulgation and geoturistic map

settings as well as the natural and environmental areas, can
be a great conveyance of Geosciences and especially rep-
resent a new way of reading its own territory, knowing and
valuing its cultural components and perceiving the potential
socio-economic conditions. The characteristics elevations
of the various stages (such as running up and down), are
essentially linked to the morphology which depends on the
geological characteristics of the territory, linked to endog-
enous processes, and subsequent exogenous agents and
morphodynamic processes that have changed. GIS pro-
cessing and images (also 3D; Fig. 22.3) can help to show
the “geo-environmental” path, making it easier for the
public to recognize the landscape (Farabollini et al. 2013b).
The multi-scale approach gives an added value in terms of
instruments, the study of landscape: in parallel, the new
focus is in the communication and dissemination of earth
science, the nature and the territory recognized as important
factors for a holistic approach to the territorial analysis,
integrating the natural with the cultural aspects of the

landscape itself, facilitating the understanding of what are
natural disasters, and which are human-induced.

22.4 From the 1963 Vajont Dam Disaster
(1963) to Earthquake in Emilia (2012):
The Communication of Risks
and the Risk of Communication

Natural disasters are events that Italy has always had to deal
with and although there is a common belief that there is
little one can do when faced with these events, providing
the public with updated scientific information for an in-
depth knowledge of territory and of the phenomenon is the
best way to create strategies for prevention and reduction of
natural risks.

From an epistemological point of view, the populariza-
tion of science through the teaching of the Geosciences,
represents the starting point for risk education. Experience
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Fig. 22.3 Earth Science and Giro d’Italia: geological 3D Map of the
Ischia island and images during the different stages of the Giro d’Italia,

gained in this regards, in particular from the INGV or other
research institutions and universities (La Longa et al. 2011),
compares educational methodologies carried out in
“peacetime” far from seismic events (Risk and Regulation
Advisory Council 2009; Progetto EDURISK 2011), with
those used during and following emergencies such as the
2009 earthquake in Abruzzo region (Camassi and Peruzza
2011). The communication of risk is still a problem to
resolve, both in terms of the quality and the content of the
communication. Scientific divulgation, should have the
objective of raising the public awareness of issues related to
geology, thus strengthening the role of Geosciences in
society.

Spreading awareness through dialogue with the com-
munity, creating interest in the Geosciences, describing
natural hazards, creating a link between science and society,
means creating scientific awareness and teaching the culture
of hazards and therefore that of prevention. Formal and
informal knowledge are part of a system that guides ones
understanding and action; data transformed into information
that, when properly organized, becomes awareness. This
awareness, if placed in a context through action and/or
inaction, becomes wisdom and as such enables educational
strategies, in particular if used for the communication of

2012 (upper right and bottom left Stelvio; bottom right Vajont)
(modified from Farabollini et al. 2013b)

risk (Tobin and Montz 1997; La Longa et al. 2011; Tola
2011; Farabollini et al. 2013a).

Awareness of natural hazards, of prevention and of risk
management, has a particular importance in modern soci-
ety; knowing how to recognize dangerous situations and
having the competence to evaluate and face them in a
reasoned manner, making conscious choices, should be the
minimum knowledge for all citizens, especially in times
outside emergencies. Communication of risk should not
respond to training and informational needs with the intent
of providing a response in order to contain anxiety levels
generated by the uncertainty of an emergency situation, nor
should it be aimed at explaining what took place and pro-
viding re- sources in order to overcome the crisis phase (all
of which are only necessary during an emergency), rather it
should always be focused on the culture of prevention.

Today, more than ever, we refer to prevention as the
principal strategy of the defense against risks. Choices that
impact the reduction of risk are those that we make or we do
not make long before an event takes place and are tied to
our perception of risk. Very often the responsibility of
taking action falls on others—the government, institutions,
local authority—and the citizen considers him or herself
impotent in the face of the inevitability of natural events
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and shifts the responsibility of realizing effective politics of
prevention to those in power. The aim of the dissemination
of the Geosciences is to develop sufficient competencies for
responsible and aware individuals. The concept of risk is
often used as a synonym for hazard. This seemingly
harmless semantic confusion generates serious conse-
quences. If people perceive risk as the hazard of an area, an
earthquake becomes an expression of the force of nature
thus affirming the impotence of human action.

The culture of prevention is therefore the result of a long
process of learning that is not merely the simple utilization
of information: it must be capable of developing risk
awareness, through the acquisition of knowledge and val-
ues, in order to activate choices and actions directed at
reducing the risk. Ultimately, prevention is about motivat-
ing people’s life choices before an event happens and
therefore putting more effective strategies in motion that
reduce risk.

22.5 Conclusion

The Italian landscape is composed of a spectacular alter-
nation of abiotic peculiarities, a dynamic combination of
geosites and geomorphosites. Additional value is repre-
sented by the local institutions that should be the principal
protagonists in establishing programs for monitoring and
protecting territory, for promoting projects aimed at
renewing, protecting and enhancing, in a sustainable way,
the areas of interest. At the same time, however, special
attention must be dedicated to social involvement: com-
munication, transmission and education.

A proper technical and cultural approach to the issue of
managing and protecting the environment, and of knowing
the level of hazard in order to know how to defend oneself
from the associated risks, demands a multilayered and
multidisciplinary approach that aims at a balance between
use and respect for the planet, so as to have a development
that is sustainable for natural and social ecosystems.

New environmental problems require new solutions and
new creative strategies in collaboration with citizens and
responsible politicians. This objective can be reached only
if it becomes a common one, moving the politics of
development to- wards an actual integration of ecological
and socio-economic needs.

The socio-economic situation of a territory is closely tied
to its geo-naturalistic scenery; even on different scales, the
endogenous and exogenous processes, the physiographic
features, such as elements of landscape and of evolution of
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the environment, form a basis for spatial-temporal devel-
opment of a region. It is for this reason that raising the
public’s awareness about the natural hazard that can affect a
certain area must be done together with the proper educa-
tion. The aim of Geosciences to transmit and popularize its
knowledge in many different ways is driven by the necessity
to guarantee a conscious and enjoyable use of the landscape
in all its forms for future generations. The development of a
territory follows the same path as eco-tourism. Transmis-
sion of knowledge of the natural and cultural heritage
through new methods of communication as we have sug-
gested (by ways, for example by film, cycling, wine) rep-
resents a new strategy for a balanced and sustainable
management of territory.
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Abstract

In 2011, on October the 25th a devastating flood hit the Vara and Magra valleys in Italy and
left an unforgettable scratch in the inhabitants’ minds. Piovono idee! (Cloudy with a Chance
of ideas!) is an active journey of discovery and training on hydrogeological risk, and climate
change. Land preservation and safety of people living on it are issues which we would like to
help citizens get perception about, in order to instill awareness on the actions that can be
taken towards risk mitigation. Piovono idee! stemmed from this belief and it is the result of a
collaborative planning, in which primary and secondary school students, living within cities
heavily hit by the flood, took actively part. Children were helped by experts and scientists to
build an exhibition devoted to hydrogeological risk. Here interactive workspaces, games and
educational laboratories allow visitors explore concepts, phenomena and their consequences
on land and inhabitants. Issues are addressed from a daily actions perspective, where
everybody might make the difference towards sustainability and trigger good practices on

natural hazards risk reduction.
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23.1 Introduction

In recent years the combined effect of global warming and
changes in land use has led to higher flood risk, worsened
by the rising probability of events of considerable intensity.
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The state of abandon of cultivated land and the neglect of
undergrowth are aggravating factors to the exceptional
nature of climatic variables, as they provoke the reduction
of soil geotechnical resistance, debris formation and
waterways obstruction. The hydrogeological structure and
land excessive cementation worsen the scenario and high-
light that disasters are the result of natural and social pro-
cesses (Okazaki et al. 2008). Unlike the natural conditions
that have a strong unpredictability component, social
dimension of the disaster risk relates to the way human
being interacts with natures (Luciani 2007).

The flood of the 25th October 2011 hit many munici-
palities in Liguria (Italy) and followed a very heavy rain
(542 mm of water fell in just 6 h). This caused the Vara and
Magra rivers to overflow, streams of water to gush and the
valleys to be flooded. This event marked the peak of three
catastrophic years in which every rainfall above average
caused disasters, ranging from flooding to landslides.

G. Lollino et al. (eds.), Engineering Geology for Society and Territory — Volume 7, 121
DOI: 10.1007/978-3-319-09303-1_23, © Springer International Publishing Switzerland 2014
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In this paper we describe Piovono idee! an active journey
of discovery and training on hydrogeological risk and cli-
mate change. It is an exhibition resulting from a project run
together with primary and secondary schools students, sci-
entists and experts. Piovono idee! is meant to preserve the
memory of a disaster and ultimately promotes the raise in
awareness on risk reduction (Wisner 2006; Komac 2009).

It was firstly held within ‘ScienzaAperta’, an Italian
national science venue run by the Istituto Nazionale di
Geofisica e Vulcanologia (INGV) and aimed at spreading
scientific knowledge, augment curiosity on the world of
research and natural phenomena surrounding us.

23.2 Piovono idee!: The Project

The Piovono idee! project was run together with 378 chil-
dren, aged 8—14, from 15 primary and secondary schools in
Borghetto Vara, Brugnato, Monterosso, Vernazza, Rio-
maggiore, Pignone, Ricco del Golfo, Aulla and Ragnaia
(Aulla), the areas strongly affected by the flood of the 25th
October 2011, as well as a sample of 3 secondary schools
from the city of La Spezia. It had many phases. The labo-
ratory planning phase and laboratory creative phase were
run together with the schools and meant to build the
exhibits. The work done with the schools was then finished
and perfected by ConUnGioco, an educational association
experienced on ineractive learning projects and the models
were then displayed to public explaining hydrogeological
risk and its impact on the Spezzino territory during the
exhibition phase in March 2013. The personnel of the
educational association ConUnGioco and INGV ran for
10 days free guided tours lasting an hour and a half for
groups of a maximum of 26 participants at a time.

During the planning process we run laboratories activi-
ties for each class participating to the project. Laboratories
were targeted to the exploration and understanding of pro-
cesses causing hazard and risk. We used models to explore
the key issues on hydrogeological risk. The understanding
process involved young children with games and narration.
All the activities were to inspire the creation of objects that
could help express their own experiences of the flood and to
work out questioning and problem solving on difficult past
and present.

23.3 The Learning Path

Within Piovono idee! (Fig. 23.1) the participants, who are
more than just simply visitors, improve their specific sci-
entific knowledge with hands-on activities, while exploring
feelings and emotions triggered by the experience of a
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flood. Moreover the learn-by playing approach was used to
instil appropriate behaviours.

The stands were structured within a ‘scientific’- and
‘experience-’ session. The former was to explain the geo-
logical phenomenon; while the latter was meant towards
actions to be taken towards risk mitigation. They were made
with simple materials (mainly cardboard) and are com-
pletely interactive, to encourage visitors to add-on, leave a
trace of their own experience (Brasini et al. 2006). The
workshop approached with games topics on the industrial-
ization effects on the environment and on behaviors ‘bur-
dening’ the environment.

In the first exhibit we ask the question ‘Is nature scary?’
Students had made out of play dough little objects repre-
senting gifts that nature might give us. They are flowers,
fruits, trees, animals, the sun, the moon, stars, a rainbow.
Objects are hidden inside little boxes that are meant to be
search through whilst a cardboard face smiles. However, the
cardboard face can turn around, showing an angry look, and
this might be turn on just blowing or poking on it. The
message we wanted to convey is that we need to think on
every actions we take, make up a choice on those that pay
respect towards nature, and be aware that even little actions
can turn into negative or positive.

The exhibit equipped with several experiments focused
on the understanding of hydrogeological risk. Here key
concepts, such as (1) the water cycle, (2) the effect of the
rain on different rocks, (3) the underwater world, (4) the
greenhouse effect, are discussed.

The totem of the comparison between natural and
anthropic environment shows two empty landscapes which
visitors are invited to fill in using the elements we made
available. For the natural environment it is possible to pick
out some dangerous elements to be stuck on the picture
(ferocious animals, lightning, forces of nature, etc.). For the
anthropic environment, man’s ‘transformations’ are valued
with pros and cons (industry, breeding farms, woods, gal-
leries, streets, skyscrapers, etc.). Here usually discussions
concerning the environmental impact of every single per-
son’s daily habits are run.

In the following exhibit we ask the question ‘The terri-
tory in which we live belongs to us. Are we responsible for
it?’ Here a model portrays river banks, from springs to
lowlands, where several elements such as houses, bridges,
cars, people and trees can be placed. Swamped areas safe
behaviors in the case of river flooding are discussed.

The river exhibit focus is on the consequences of foolish
urbanization. Little houses, dams, bridges, trees and deco-
rative architectonic elements can be added on while the
flood comes as cascade of little balls, until the river bursts
its banks and the balls will destroy those elements mostly
exposed at risk.
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Fig. 23.1 Piovono idee! Is nature scary? totem (topmost left); an
overview of Piovono idee! active path, the risk totem (topmost right),
the greenhouse effect exhibit (right), another overview of Piovono

Can we avoid all risks? And how would you behave when
faced with a risk? This is the theme of ‘the risk’ totem,
which asks visitors to pick possible options for a specific
illustrated scene and the first and second choice’s box to
find possible options to finish the story. This triggers
interesting debates, which focus on assessing the risks and
danger surrounding us. These are assessments, which we
often make without realizing we are doing so.

23.4 Learning with Games

The combination play and learning can be a valuable tool in
science education. Games often have a fantasy element that
engages players in a learning activity through a storyline.
Research about new ways of teaching and learning (Lepper
and Cordova 1992) demonstrates that a story context often

idee! (bottom), the river exhibit (left), the model portrays river banks
from the territory totem (center)

included within games, combined with a challenge for the
student to overcome (in other words, making it into a game)
significantly improves the learning performance of children.
Here we discuss the games included within the exhibition.

The society of yesterday and today: the same pollution?
is a role-play game confronting head-to-head characters
such as the housewife, the publisher, the animal breeder, the
shopkeeper, on the amount of carbon dioxide and
methane their usual activities produced within two main
type of societies: one before the nineteenth century and the
other after industrialization.

How much do you affect the environment? is to show how
much we affect the environment with our daily actions (food
choices, cleaning our teeth, going to school, turning on the
AC, ...). Players are given out stones according to the choices
made from different options, while a special scale shows if the
weight of the team falls into the green quarter of good
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practices, the grey quarter of improving practices or that
belonging to pollution. The scores could be changed after
awareness: heavy stones can be relieved if the team members
promise behavioral changes towards sustainability.

23.5 Conclusions

Piovono idee! is the result of research following a stimulating
didactic/communicative model which emotionally involves
the participants. It is aimed at raising awareness on the social
dimension of the disaster risk, pointing out that human
behavior is the crucial factor in the degree of vulnerability and
the likelihood of disasters taking place. Piovono idee! is a
pleasant and effective way to disseminate that little effort are
needed to gain significant improvement fast positive
response. Our behavior affects the community, we urge pro-
mote good habits too. All exhibits and scientific games of
Piovono idee! rely on emotional intelligence. As knowledge
is clearly connected with understandings, we argue that
emotional learning can prompt behaviors best imprinted in
the mind and therefore act on hazard perception.

The scientific venue at his first edition involved 700
children and teachers who followed with great appreciation
the insights given by scientists.
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Abstract

A computer simulation of a debris flow in motion, a landslide in evolution and a snow
avalanche is here presented that was realized in the context of a series of risk education
activities developed within the European project RISKNAT. The pc simulation allows to
view in 3D and in their natural context of occurrence the three types of mass movements
mentioned above. The peculiarity of the simulation is that the user is able to directly interact
with the processes with the help of a special joystick that allows to vary the main parameters
governing the process and also its sight. It is possible, for example, to choose an aerial view,
or to get a view closer to the ground to observe in more detail the phenomenon in its progress.
The computer simulation is based on real data and intends to spread among the local
population, primarily exposed to risks, instructional and educational bases by offering a
virtual experience of some recurrent natural processes occurring in alpine valleys. In fact it
allows the user to reach a greater awareness of these latter, learning about their aspect, their
mode of propagation, their velocity and their interaction with the natural and urbanized
landscape. The simulation is therefore a tool to support the communication activities devoted
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to explain to the general public the civil protection basics, with the belief that the direct
involvement, albeit virtual, in a situation of danger can be an important stimulus to better
understand the forces of nature and to assimilate the basic behaviors needed for self defense.

Keywords

Debris flow ¢ Landslide * Snow avalanche ¢ 3-D stereo simulation ¢ Virtual reality

24.1 Introduction

The risk posed by landslides and snow avalanches is very
well known worldwide to scientists, administrators, practi-
tioners and all those professionals who deal with environ-
mental issues. The same cannot be told for the general public
who is often poorly aware of the environmental risks that
might affect and threaten his life and possessions. For this
reason in 2011, in the framework of the project RISKNAT
(program ALCOTRA, Alpes Latines Cooperation TRAns-
frontaliere, 2007-2013, Projet stratégique I RiskNat “Ges-
tion en sécurité des territoires de montagne transfrontaliers™)
a consortium of different institutions led by the Civil Pro-
tection Department of the Turin Province decided to realize
a software that allowed a 3D stereo simulation of three
different types of natural instability phenomena: a debris
flow, a landslide and a snow avalanche. The idea was to
present the simulation of these three phenomena in their
natural context of occurrence and provide people the chance
to gain a personal experience about them. The consortium
included the CNR IRPI, the University of Turin and
ThalesAlenia Space (ThalesAlenia Space is a joint sub-
sidiary of Thales (67 %) and Finmecca-nica (33 %), and a
partner in the Space Alliance along with Telespazio).

24.2 The Computer Simulation

As previously mentioned the software realized by the con-
sortium allows to view a 3D simulation of a debris flow in
motion, a landslide in its multitemporal evolution and a snow
avalanche, all of them in their natural context of occurrence.

24.2.1 The Debris Flow Video Simulation

Debris flows are a type of mass movement that may occur in
steep mountain torrents and consist of a highly concentrated
dispersion of poorly sorted sediment in water that commonly
move at very high speeds and have great destructive power.
They generally appear as waves (surges) that have steep
fronts consisting mostly of boulders that can be surprisingly
large. Debris flows cause damages and casualties worldwide

every year, due to their destructive power (Arattano et al.
2010). Many efforts have been carried out so far by
researchers of CNR-IRPI to monitor their behavior (Aratt-
ano 2003; Arattano et al. 2012). The results allowed to
simulate numerically their propagation, to investigate their
rheology, to better understand their complex dynamics and
to compare the different sediment processes involved (A-
rattano and Franzi 2003, 2004; Lin et al. 2005; Arattano et al.
2006; Mao et al. 2009). However all these efforts, that may
lead to a better hazard zone delineation (Tsai et al. 2011),
could be worthless if an adequate awareness of this natural
phenomenon and its dangerous characteristics were not
instilled in the general public.

The 3D video that has been realized simulates the
propagation of a debris flow wave from its inception to the
deposition on the fan and allows a direct, albeit virtual,
involvement of the public in a situation of danger. This
might be an important stimulus to better understand the
examined natural phenomenon and to assimilate the
behavior basics needed for self defense. The 3D video is
based on the case study of the Champeyron Creek, a 3 km?
mountain basin located on the right side of the Susa Valley
(Fig. 24.1). The debris flows that develop along the
Champeyron Creek pose a hazard to the Beaulard village,
and in particular to the camping site located on the right
side of the alluvial fan. During the night of August 7, 1981 a
thunderstorm caused the initiation of a debris flow which
reached the alluvial fan and flooded the campsite.

Fig. 24.1 View of the Champeyron basin obtained by overlaying an
orthophoto image on the digital terrain model
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The propagation of this debris flow along the Champeyron
Creek was simulated taking advantage of the 20-years
experience on debris flow characteristics and behavior gained
by the researchers of CNR-IRPI. Field data were examined
and used in the simulation that had been collected in several
other catchments. These included stage, volume and velocity
data that had been obtained through the different measure-
ments and monitoring methodologies developed by CNR
IRPI during the years. These methods included, for instance,
the analysis of seismic data and hydrograph curves through
techniques of cross-correlation, which are nowadays widely
used in engineering geology (Lollino et al. 2002, 2006) or the
use of image processing techniques (Arattano and Grattoni
2000; Arattano and Marchi 2000).

The Champeyron Creek was chosen as a case study
because of the availability of documentation on past debris
flow events, of clearly visible tracks of past debris flow
processes, and because of the presence of elements at risk.
A geomorphological analysis of the basin, carried out
through a multi-temporal photo interpretation, allowed to
reconstruct the development of the debris flow in 3D. For
this purpose also some photos of the period were used,
together with interviews of witnesses and some specific
field surveys. In particular the areas of debris supply for the
1981 event were identified. These latter corresponded to the
extended screes visible in Fig. 24.2 and to some other areas
prone to periodic rockfalls. The available DTM was
adjusted to obtain the needed scale that allowed a simula-
tion of the process. The characteristics of the debris flow
mixture (solid fraction in % and dimensions of the largest
boulders) were faithfully reconstructed, and this allowed to
appreciate the dynamics of the process evolution and the
mass transport capacity. Furthermore the expansion areas of
the debris flow on the fan and the flow directions have been
defined, which are essential components for the interpreta-
tion and numerical simulation of the 1981 event (Fig. 24.3).

24.2.2 The Landslide Simulation

The Cassas landslide is located on the right side of the
middle Susa Valley, in the “Gran Bosco” natural park
(Turin, Piedmont, Italy). The Cassas slope is deeply affected
by instability phenomena; the landslide top is located near a
minor watershed at about 2,000 m a.s.l., while the landslide
foot is placed at about 1,000 m in the wide Salbertrand
valley bottom.

Between June 12th and 14th, 1957 the western area of
the Cassas landslide had a paroxystic phase: some millions
of m® of rock mass slid and triggered a debris flow that
reached the valley bottom. Re-activations of the landslide
were recorded until the middle Sixties (Peretti 1967; Bro-
vero et al. 1996).

Fig. 24.2 Catchment head of the Champeyron Creek; extended
screes can be recognized that have depths of several meters at the
bottom of the rocky slopes of the Grand Hoche Peak (2,760 m a.s.1.)

Fig. 24.3 Detail of the debris deposits of August 1981 in the
Beaulard camping area

The estimation of the risk for the Cassas landslide is
difficult, because of the slow and continuous deformation
that occur in depth. The different studies carried out over
the last years have supplied important information for a
correct understanding of the kinematics and dynamics of the
landslide. These studies left behind, nevertheless, several
unsolved problems. The landslide has been divided into five
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different zones for investigation purposes (Amatruda et al.
2004):

1.

the main scarp zone: intensely fractured and released
calcschists, with unstable blocks of variable volumes; in
the crow zone many deep fractures are apparent;

. the active landslide accumulation zone: made up of rocks

blocks of variable size floating in a sandy-muddy matrix;

. the complex landslide accumulation zone: the kinemat-

ics are complex because of the combination of sliding
and slow-to-rapid flow movements;

. the alluvial fan area: area of debris flow expansion and

accumulation originating in the middle and upper parts
of the slope;

. the landslide accumulation zone in meta-stable equilib-

rium: block accumulation and mega-blocks of older
landslide.

The 3D simulation of the landslide evolution (Fig. 24.4)

has been realized following the steps listed below:

Fig. 24.4 Left Cassas landslide case study. An example of 3D
perspective view (Susa Valley). Center and right example of hardware
installation at 2012 European Researchers’ Night. TV 3D video with

[

collection of outcropping data on the area of interest
(DTM, orthophotos)

acquisition of multi-temporal aerial images
orthorectification of photogrammetric
1954-1963-1994-2000, Fig. 24.5)
creation of levels of multi-temporal coregistered
orthophotos

3D perspective visualization and animation of the
landslide evolution.

data (years

24.2.3 The Snow Avalanche Simulation

During the heavy snowfalls occurred between December
14th and 17th, 2008 (Cordola et al. 2009), the Western Alps
were affected by major avalanches that resulted in sub-
stantial damage to infrastructures and houses with the
involvement of areas that for decades had not been affected
by

avalanches.

case studies visualization by stereo view capabilities (3D passive
glasses)

2001

—

Fig. 24.5 Multitemporal evolution of Cassas landslide: ortophoto (year 1957) and real panoramic views (years 1965, 2001, 2005, 2011)
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Fig. 24.6 Snow avalanche case
study. Avalanche occurrence area
frapped on satellite high
resolution image

In the Venaus Municipality on December 15th, 2008 a
medium size avalanche affected a large area of forest,
damaging an important road (namely the SS 25 Mont Cenis)
and obstructing the flow channel at about 200 m from
houses located just below. The main damage caused by the
event was the complete removal of a deciduous forest, that
covered an area of over 20 ha. The avalanche events on the
mountain side above the town of Venaus show a historical
recurrence of about 20 years. The most serious event ever
documented occurred on January 18th, 1885: it affected
some villages and caused the destruction of several houses
and the burial of 23 people, 6 of which deceased. After the
December 2008 event, the City Council decided (November
2009) to setup an Avalanche Emergency Plan (AEP) pre-
pared by the Civil Protection Service of the Province of
Torino in collaboration with the Oulx Upper Valley Susa
Forest Consortium, and the ARPA Piemonte Department of
Systems Projections (Bertea et al. 2010). The AEP goal is to
safeguard people and villages and to ensure the safety of
some sections of the road SS 25.

In the computer simulation, a 3D view of the slope
affected by the avalanche events above the village of
Venaus (TO) is diplayed. This 3D view (Fig. 24.6) allows
to show three different simulations with different avalanche
scenarios. These latter are produced by three input snow
packs of different thickness at the top of the slope. On the
valley bottom, two different limits can be viewed which are
used to establish the number of people that need to be
evacuated from the town during the emergency.

129

24.3 Conclusions

A computer simulation has been realized in 2011, by a
consortium of different institutions leaded by the Civil
Protection Department of the Turin Province, that allows a
3D view of three different types of natural instability phe-
nomena: a debris flow, a landslide and a snow avalanche.
The computer simulation has been shown to the public
during several occasions: at the “European Researchers’
Night 2012” (University of Torino—Geositlab), at Liceo
“M. Curie” (Pinerolo—Turin, April 2012), at Liceo “Des
Ambrois” (Oulx—Turin, June 2012), during civic protec-
tion drills (Ivrea—Turin, October 2012; Bussoleno—Turin,
June 2013) at the 2013 Science Festival (Genova, October
2013). It has repeatedly revealed to be useful to attract the
public attention and so to produce an increase of awareness
of the environmental risks produced by the natural phe-
nomena that have been simulated.
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25.1 Introduction

Ruth Allington and Isabel Fernandez-Fuentes

Abstract

This paper is about approaches to ensuring effective and ethical professional practice in the
application of geoscience in the interest both of protection of the public and a better informed
and more resilient society. It starts by providing an overview of the aims and objectives of the
Task Group on Global Geoscience Professionalism (TGGGP) formed in 2012 by the
International Union of Geological Societies (IUGS), with the aim of supporting and
promoting professionalism in all areas of geoscience practice and developing shared
perspectives internationally about how this should be done most effectively. The authors will
highlight the importance of achieving a shared understanding of, and commitment to, ethical
professional practice across the entire geoscience community in the interests of serving
society and protecting the public. To illustrate this, it will propose that continuing dislocation
and separation of the academic community from the applied community in geoscience is not
in the interests of anyone—Ileast of all the public—and present a framework for promoting
closer and more collaborative relationships between geoscience professionals who work as
educators, researchers, in government and for ‘industry’.
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CPD

(AIPG); Australian Institute of Geoscientists (AIG); Geo-
logical Society of South Africa (GSSA); and El Colegio de
Geodlogos de Bolivia (College of Geologists of Bolivia).

In August 2012 the IUGS approved the formation of a Task
Group on Global Geoscience Professionalism (TGGGP).
The Task Group was formed by a group of international
professional geoscience organisations comprising: the
European Federation of Geologists (EFG); Geoscientists
Canada; American Institute of Professional Geologists
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A key objective of TGGGP is to support and promote
professionalism so as to ensure excellence and best practice
in the application of geoscience in the interests of both
protection of the public and a better informed and more
resilient society. To meet this objective, it aims to help the
whole geoscience community embrace professionalism and
work together towards breaking down the barriers that
currently exist between academic, and applied geoscience.

The authors will highlight the importance of achieving
a shared understanding of, and commitment to, ethical
professional practice and participation in professional
geoscience organisations across the entire geoscience
community in the interests of serving society and pro-
tecting the public.
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25.2 Professional Geoscience Organisations

Professional geoscience organisations around the world
support governments, industry and academic institutions to
assist with the setting of standards for:

e Communication of geoscience information relevant to
public safety;

e Responsible use of geoscience information in relation to
natural hazard mitigation, sustainable development and
capital investment; and

e Standards and content of academic training, experience
and continuing professional development (CPD)
required for safe, ethical and competent geoscience
practice.

Some professional geoscience organisations focus solely on
professionalism, whilst some combine this with more tradi-
tional roles of scientific societies and institutions. A common
feature of all such organisations is that they have codes of
professional conduct/professional ethics binding on all their
members  (http://tg-ggp.org/professionalism-in-geoscience/
codes-of-ethics/); they also operate disciplinary codes. Some
have a role in setting standards for or administration of statu-
tory regulation of geoscience professionals where licensing or
registration is a legal requirement. Others award professional
titles to those judged by their peers to have sufficient qualifi-
cations, experience and competence to meet particular crite-
ria—these titles are voluntary and are maintained through
continuing professional development (CPD).

Professional geoscience organisations and the regulatory
frameworks they promote and operate (whether statutory or
voluntary) have traditionally focussed primarily on sup-
porting and regulating the professional practice of geosci-
entists working in applied fields with very little (and
sometimes no) involvement of the academic community
and/or geoscientists employed by government. TGGGP
wishes to promote the idea that professional skills are
essential for effective and ethical practice alongside tech-
nical and scientific expertise for anyone who makes their
living as a geoscientist, whether as an educator, researcher
or applied/industry practitioner. It therefore uses as the
starting point for is mission a wider definition of “profes-
sional geoscientist” than is commonly understood, encour-
aging both applied/industry practitioners on the one hand
and educators and researchers on the other to see them-
selves as “professionals”.

25.3 Regulatory Frameworks

The primary stated purpose of regulatory frameworks
applied to professional practice (including in geoscience) is
to avoid harm to people (health, safety, economic wellbe-
ing) or the environment caused by malpractice or faulty
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products. In general, regulation of professional practice is
applied to services that are considered as public goods (and
where errors or wilful malpractice have the potential to
cause harm).

As indicated above, there are two distinct models of
regulation of the practice and profession of geoscience:

e Mandatory registration or licensure (legally required and
enforceable by law); and

e Systems based on the award of professional titles and
voluntary registration (operated by professional geosci-
ence organisations and with assessment by peers).

The different approaches taken in different jurisdictions
reflect cultural and legal differences in approaches to reg-
ulation and the extent to which the practice of geoscience
(or aspects of it) is considered in that jurisdiction to have the
potential for significant harm.

Sometimes the two models of professional regulation of
geoscience co-exist. For example, in some States of the
USA licensure is mandatory, but geoscientists may also
hold the voluntary professional title “Certified Professional
Geologist” (CPG) awarded by the AIPG. Similarly, Euro-
pean geologists working in countries where the profession is
regulated by law may also choose to hold the voluntary
professional title “European Geologist” (EurGeol) awarded
by the EFG. The table produced on the website of the
European Federation of Geologists (http://www.eurogeo
logists.eu/index.php?page=1141) illustrates the range of
geoscience regulatory models that exist within Europe, and
the TGGGP is currently working on a similar table sum-
marising the situation world-wide.

25.3.1 Compulsory Registration or Licensure

In many jurisdictions, the geoscience professions are regu-
lated by law and registration or award of a licence to
practise is compulsory before geoscientists are allowed to
work as a geoscientist (other than as a trainee or assistant).
An application for a licence (or for registration) normally
requires evidence to be submitted of the content and level of
academic qualifications, which must satisfy certain criteria
related to content and level of attainment. The criteria may
be expressed in generic terms or may be linked directly to
qualifications in that jurisdiction specifically. In many
jurisdictions, candidates must also sit an examination which
may test basic geological knowledge and adequacy of lan-
guage skills. Professional practice examinations may also
be required to test such things as: awareness of profes-
sionalism and understanding of ethical codes (also known as
codes of conduct); knowledge of regulation and governance
of their profession; and understanding of applicable law and
legal concepts. In some jurisdictions, successful attainment
of registration or a licence to practise in that jurisdiction
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allows geological or general geoscience practice in any
geoscience sector, relying on adherence to a code of ethics
to ensure that licensed or registered practitioners do not
undertake work that falls outside their area of specialism
and/or beyond their skill or qualification level. In others the
practitioner is legally restricted to a specific area or areas of
professional practice (e.g. hydrogeology, engineering
geology, exploration geology etc.).

Having successfully attained registration or a licence to
practise, a geoscientist must adhere to rules that are in force
for maintaining that registration. These rules invariably
include an absolute obligation to adhere to a code of ethics
or code of conduct, as well as all regulations and laws
applicable to professional geoscience practice in the juris-
diction concerned. Periodic submission of evidence of
activities that contribute to continuing professional devel-
opment (CPD) may also be required.

25.3.2 Self Regulation

Voluntary professional titles are awarded by professional
geoscience organisations to those of their members who are
judged by their peers to meet or exceed qualification and
experience criteria. Professional titles held by geoscientists
indicate to the public, employers or other professionals that
the holder has achieved suitable academic training and a
level of professional experience, skill and competence to
perform tasks within their professional practice. It also
confirms that the holder undertakes continuing education
and training, demonstrating a personal commitment to stay
up to date and informed within the sphere of their profes-
sional work as well as a personal commitment to adherence
to a code of conduct or ethics.

The application requirements for voluntary professional
titles in terms of providing information about qualifications
may be similar (or identical) to those relating to registration
and licensure, and there may be an examination (sometimes
written but normally oral). Another common feature is a
requirement to adhere to a code of conduct or ethics and
agreement to be subject to disciplinary sanctions. However,
they differ from compulsory registration or licensure in
three important ways. First, the practitioner must demon-
strate their experience and level of competence as a prac-
titioner—these titles are not awarded immediately post
graduation as a licence to practise or registration may be.
Second, their voluntary nature underlines the personal
professional commitment made by individuals who hold
them. Third, central to these titles and associated regulation
and disciplinary codes is assessment and being called to
account by one’s peers.
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25.3.3 Professional Titles

Whether voluntary or related to mandatory registration or
licensure, have become important in demonstrating the
suitability of a professional to provide geological services.
They are sometimes used as a ‘threshold’ level of experience
and expertise in legislation or guidance. For example, all
CRIRSCO (http://www.ccpg.ca/pgeoreg/index.php?lang=en
&subpg=defprofgeo) codes and standards define geoscien-
tists as ‘Competent’ or ‘Qualified’ persons for the reporting
of mineral resources and reserves by reference to the amount
and relevance of experience the person has and their mem-
bership of an approved professional geoscience organisation
(at an appropriate level, usually expressed as holding a
particular professional title). With some exceptions, the lists
of approved professional geoscience organisations are
common to the CRIRSCO codes (http://www.crirsco.com/
background.asp) and standards and this allows recognition
of the equivalent standing and meaning of professional
qualifications (such as EurGeol, CGeol, PGeo, CPG etc.)
internationally. Increasingly, professional geoscience or-
ganisations are exploring ways formally to recognise each
others’ professional qualifications so as to facilitate inter-
national mobility of geoscientists. This takes the form either
of recognising absolute equivalence or, more usually, by
‘mapping’ the requirements of one qualification onto another
so as to simplify application processes for holders of one
qualification who wish to be recognised in another juris-
diction (e.g. taking validation of academic qualifications in
one jurisdiction ‘as read’ in another).

25.4 The Practice of Professional
Geoscience—Who Is Involved?

Geoscientists Canada has published on its website the following
definition of professional geoscience practice (http://www.
ccpg.ca/pgeoreg/index.php?lang=en&subpg=defprofgeo):

the performing of any activity that requires application of the
principles of the geological sciences, and that concerns the safe-
guarding of public welfare, life, health, property, or economic
interests, including, but not limited to: investigations, interpreta-
tions, evaluations, consultations or management aimed at discovery
or development of metallic or non-metallic minerals, rocks, nuclear
or fossil fuels, precious stones and water resources; and investi-
gations, interpretations, evaluations, consultations or management
relating to geoscientific properties, conditions or processes that
may affect the well being of the general public, including those
pertaining to preservation of the natural environment.

In the authors’ experience, those geoscientists who
consider themselves to be in “professional geoscience
practice” operate mainly in applied/industrial fields rather
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Fig. 25.1 Framework for
considering how much more
effectively geoscientists may
serve and protect the public,
maintain and develop their skills
and push the boundaries of
innovation and research based on
a shared perception of
professionalism

than in academia or government service. The membership
of professional geoscience organisations (or those parts of
scientific societies and associations that focus on profes-
sional matters) tends to be dominated by those for whom the
link between the work that they do and service to and
protection of the public is direct and obvious.

The diagram in Fig. 25.1 illustrates the authors’ per-
ception of the web of interfaces and inter-connections that
contribute to effective professional geoscience practice.
Contrary to widely held opinions, it is not just the profes-
sional practice of geoscience practitioners at the ‘sharp end’
of project delivery or advice or information to the public
who have an impact on public safety, public information or
sustainability. The centre of the diagram illustrates the
balance between environmental/social responsibility, com-
mercial responsibility, and ensuring or improving public
safety that professional geoscientists must aim to achieve.

The blue ‘callouts’ depict the excellent and relevant train-
ing and education, research, interdisciplinary cooperation,
and data and information upon which professional geosci-
entists depend. The essential background and underpinning
to these inter-linkages are the ethical, technological and
political/procedural matters indicated in the purple area.
The following key questions summarise the framework

illustrated in Fig. 25.1:

e Without understanding the skills and expertise needed
by ‘industry’, how can educators in geoscience subjects
prepare students for the workplace?

e Without understanding societal needs, how can
researchers design research which is truly relevant to
those needs?

e Without access to high quality graduates and excellent
underpinning research, how can geoscientists in ‘indus-
try’ develop and deliver their expertise effectively?
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Vasudevan Desikachari

Abstract

Natural hazards are phenomena that are triggered by natural causes of geological, geophysical
and hydro-meteorological origins. They occur in well-defined tectonic domains, like for
instance the “Pacific Ring of Fire”, stretching from New Zealand along the eastern edge of
Asia, northwards across the Aleutians of Alaska and southward along the coasts of North and
South America and which is the loci for most of the world’s volcanoes and intense seismic
activity. It is thus possible to say where these hazards like a volcano or an earthquake could be
expected but as of today their forecasts and predictions remain difficult to achieve. Natural
hazards are beyond human control and therefore when they strike a human habitation, they can
instantly turn into disasters and wreak heavy loss of life and property, often pushing an
unprepared Nation to virtual economic crisis. In recent years several major earthquakes have
rocked megacities of the world causing contrasting damages in terms of fatalities and property.
Haiti, a poor underdeveloped nation was nearly annihilated by a magnitude 7.0 earthquake in
2010 mainly because the country was unprepared to meet the impending danger, whereas well
prepared nations in terms of disaster mitigation, management and crisis control withstood such
hazard onslaughts with confidence for example, Chile in 2010 of a 8.0 magnitude earthquake
and Tahoka of an earthquake-tsunami onslaught (9.0 magnitude temblor). This paper reviews
briefly mitigation and disaster strategies that lead to maximum reduction in the devastating
effects of hazards occurring in a given habitation, with special reference to India.

Keywords
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totally independent of human control. These hazards when
they strike a human habitation and infrastructures, transform

Natural hazards are phenomena caused by geological and
hydro-meteorological processes that tend to shape the earth
from the time of its inception till today and they operate
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into disaster. The severity of a disaster depends on several
factors, such as the susceptibility of the area to a given
hazard (volcano or even floods, cyclone etc.), its density of
population and its economic status, infrastructures and their
capability to sustain shocks and vibration given off by the
hazard (say volcano, floods, cyclone etc.), its density of
population and its economic status; its infrastructures and
their capability to sustain shocks and vibrations given off by
a hazard. Natural hazards seldom occur randomly as their
occurrence is controlled by well-defined geologic/geo-
graphic horizons, for example, all great earthquakes and
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volcanoes of the world occur in the “Pacific-Ring of Fire”.
In the modern world, therefore, a given inhabited locality
anywhere in the world is aware of the natural hazards that it
may have to encounter in a given period of time-like for
example, seasonal floods or cyclones or if the locality is in an
active tectonic domain, earthquakes. People of such locali-
ties are obviously expected to live in preparedness to face
this situation with its available resourcefulness, failing
which destruction would devour it. Two contrasting exam-
ples can be given here to exemplify this statement. Chile, a
South American country was struck by a massive earthquake
of magnitude 9.5 in 1960, the strongest tremor recorded in
the twentieth century which brought loss of human lives and
properties running into millions of U.S dollars. Chile,
however, quickly reacted to the maladies of the disaster by
formulating and adopting suitable measures of mitigation to
safeguard its population in the event of such a hazard
striking it in the future. Thus Chile adopted a uniform
seismic code in all the major constructions of dwelling and
major civil structures (hospitals, schools, roads, bridges,
dams etc.) and adopted very strict designs and materials
chosen for these constructions, showing great “Resilience”
in mitigation. In 2010, the country was struck again by a
major earthquake of magnitude 8.8 which although caused
destruction of infrastructures, the damages were kept in
check; fatalities and injuries were considerably less com-
pared to the previous occasion. Compare this to a country
which remained oblivious of its danger and thus succumbed
to it almost totally. Haiti, an island country in the Caribbean
plate was struck by a 7.1 magnitude earthquake in 2010 and
being a very poor and under developed nation with poorly
constructed dwellings and older buildings of poor seismic-
sustenance, was devastated. There was heavy loss of lives in
thousands and property in millions of dollars. The country’s
economy was in shambles and could not bear this loss. Yet
another example of a country that did not anticipate a
disaster due to hazard is India. Although 55 % of the land is
declared prone to earthquake, effective measures were not
adopted in the construction of human dwellings and the
result was the tragedy in the form of a major earth-tremor
that shook Bhuj in Gujarat, in January 26th 2001, causing a
loss of 10,000 lives and several thousand injured besides
total annihilation of thousands of structures over a wide area
from the epicentre. The Rann of Kutch in Gujarat was
affected by a devastating earthquake in the nineteenth cen-
tury and therefore remained a seismically active area. The
authorities, however, did not seem to take cognizance of this
danger and faced the consequence. Contrast once again this
with Japan, which, being aware of its living in active seismic
domain in the world, took ample measures of “Preparedness
and Resilience” in Mitigation measures with the result a
mighty earthquake of magnitude 9 with accompanying tsu-
nami which struck Tohoko in 2011, surprisingly resulted in a
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fatality of “only” 18,184 people and loss of property and
structures attributable mainly to the tsunami, and, even this
loss was due to an under-estimate of magnitude of “future
earthquakes” (Tucker 2013) based on seismic studies, which
did not predict quakes over magnitude 7.5 in the region.

This paper highlights the maladies of natural hazards and
the mitigation measures to counter these with reference to
India in particular.

26.2 Natural Hazards, Disasters and Their
Mitigation

“Mitigation is the effort to reduce loss of life and property by
lessening the impact of disasters” (FEMA 2007 ). In the field
of disaster management, mitigation occupies the prime
place. There are two aspects of mitigation, one, mitigation
adopted to an area known to be prone to disasters caused by
natural hazards and are prepared to meet the “Eventuality”;
and the other the most important, is related to the mitigation
in hazard-prone areas which are poor, under-developed and
that choose to remain in oblivion to the impending dangers
out of natural hazards, knowing full-well of living on haz-
ard-prone zone. Accessibility to disaster-struck area
becomes easier and clearer in the former enabling quick and
prompt relief reaching affected areas; whereas in the latter
areas, showing scant respect for “Preparedness” to meet
disaster, mitigation becomes difficult solely because of
inaccessibility to affected areas, caused by destroyed struc-
tures blocking the roads and street and difficulties in quick
removal of debris to evacuate people from the affected areas.
Example for well managed mitigation effort is afforded by
relief measures made available to affected areas by Japan in
the Tohoko earthquake of 2011 and Chile in 2010, whilst,
Haiti, stood as a glaring example for badly managed or “nil-
managed” mitigation effort by administrating authorities.
FEMA (2007), has rightly pointed out that “every dollar
spent towards mitigation programme helps the country to the
extent of four dollars per person at the time of disaster”. The
hallmark of mitigation is to alleviate suffering and reduce the
financial burden of the disaster-prone country and thereby
make it nearly self-reliant to deal with disasters. Japan, New
Zealand and Chile for example were self-reliant in managing
the devastating effects of earthquakes in recent years thanks
to their mitigation and disaster management agencies
effective dealing of given situations.

Other mitigation measures that can be thought of
include,

(a) Close-monitoring of active tectonic domains by a
network of seismometers and ground GPS to evaluate
and assess the seismicity of the area and to transmit the
data collated to user-agencies on time for effective
mitigation and disaster management.
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(b) Adoption of suitable seismic code and choosing
desired design and construction materials for building
residential buildings of varied types as well as major
civil constructions. Government agencies must keep a
strict vigil in enforcing the construction of all types
conforming to these adopted parameters.

(c) Vulnerable areas to be identified, for example densely
populated areas, schools and other educational insti-
tutions, hospitals and if those buildings are old, ret-
rofitting or repairs if any may be pursued.

(d) “Preparedness and Resilience” should be the watch-
words for Mitigation management.

() In the management of construction, retrofitting and
repairs of infrastructures, areas prone to landslides,
floods and cyclones may also be kept in view.

(f) Monitoring drainage data of watersheds, weather
forecast monitoring and their effective transmission to
user agencies.

(g) macro and micro-level mapping of landslide prone
areas; minimizing deforestation, stabilizing weak
slopes of hills and providing suitable drainage to ease
of water-logging and careful construction in areas
noted for landslides and flooding.

Assessment of risks along vulnerable zones prone to
disasters (Carcedo 2001) is yet another chapter in mitigation
which involves collection of proper demographic data of
human-cattle population and their distribution pattern and
density. Status of infrastructures; condition of roads/bridges
within the city and suburbs and the status of arterial roads
are to be properly brought out and the data stored properly
for use at the time of emergency (AUSGEO News 2008;
Brown 1996; Laframboise 2012).

26.3 Indian Scenario

In the context of natural hazards and their occurrence world
over and the disasters caused by them, India’s position is
very clear. According to AESGEO News (2008) in the
Asia-Pacific region, India, along with its neighbouring
countries of Pakistan, Nepal and China, stands as the most
earthquake-prone countries in the world. As per a bulletin
issued by NDMA (2011), 55 % of India faces threat from
imminent earthquakes of destructible magnitude; 42 million
hectares of land area in the country likewise is highly prone
to disastrous riverine and coastal floods and 12 % to land-
slides. Earthquakes, floods and landslides form the major
disaster-causing natural hazards in this highly populated
country. Recent occurrences of earthquakes in the Hima-
layan area which is known for its tectonic instability and
disastrous tremors that ravaged relatively “stable” part of
the shield area of the country have clearly pointed out
towards the need for a reassessment of “Natural hazard
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mitigation and disaster management policies” to come out
with a suitable “blue print” to manage any adverse situa-
tions arising out of disasters effectively.

26.3.1 Earthquakes

Till 1967, India, excepting for its areas in the Himalayan
territory was considered stable tectonically and therefore
seismic activity of great magnitude was not expected in the
areas other than the Himalayas. This scene changed dra-
matically in 1967, when Koyna area in Maharashtra, located
in “relatively stable” part of the Indian Peninsular shield
was struck by a magnitude 6.1 earthquake, forcing the
scientific-earthquake engineering fraternity to revise the
seismic zone map of the country by introducing Zone I,
replacing the earlier Zone 0. The so-called stable part of the
country was repeatedly shaken by earthquakes varying in
magnitude between 6.0 and 7.7 and moderate to strong
intensities over a period of 10 years between 1991 and
2001. These earthquakes are: 1991 Uttarkashi tremor of 6.6
magnitude; 1999 Chamoli tremor of 6.3 magnitude, the
1993 Killari tremor of 6.3 magnitude; 1997 Jabalpur
earthquake of 6 magnitude and the 2001 Bhuj earthquake of
7.7 magnitude. This was followed by the tsunami of
December, 2004 that originated off the coast of Sumatra.
The historic but rather frequent occurrence of earthquakes
of magnitude 7-8 recorded in the Himalayan region in the
nineteenth century clearly established the great seismic
activity underlying this area, which is a tectonic boundary
marking the collision of the northern Himalayas against
Eurasia. Wyss (2005) had carried out extensive study of the
seismicity of the Himalayas and based on the parameters of
historic earthquakes, their distribution and amount of slips
accumulated by the contact plate motions since those
earthquakes occurred, showed that the area is overdue for a
very major tremor to occur. The prediction was proved by
the occurrence of a major earthquake of 7.5 magnitudes that
shook the Kashmir (Pakistan) and some parts of Kashmir
and Punjab in India, in 2005 which caused a major loss of
lives of 80,000 in Pakistan-occupied area. It is now clear
that earthquakes in India occur in three geologic-set up,
namely, the Stable-Continental zone of earthquakes; earth-
quakes associated with the Himalayan suture zone or col-
lision zone and the Andaman-Sumatra subduction zone
earthquakes (Kayal 2007). Seismic zone map of the country
was revised in 2002, showing areas with probable intensi-
ties of earthquakes on the Modified-Mercali scale. It is clear
that India needs to be more vigilant against earthquakes as a
causative force of destruction in the 55 % of the country
which has been declared as earthquake-prone. Measures of
pre-disaster mitigation, such as providing earthquake-
resistant structures to people; in the case of multi-storied
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building constructions every care must go into its con-
struction so that the building suffers only minimum damage
even in the event of a severe tremor affecting it. In the case
of very large old structures, proper assessment should be
made and decision taken accordingly either to go for suit-
able renovation involving retrofitting/and repairs or total
demolition of the building.

Finally, whatever “blue-prints” are prepared by gov-
ernment agencies, as working models to counter natural
hazards, the concerned authorities must enforce the “Do’s”
and “Do not’s” so that mitigation envisaged works out
successfully.

26.3.2 Floods and Landslides

Next to earthquakes, Floods and landslides are the most
disastrous of natural hazards in India. The country is tra-
versed by several major rivers, their tributaries and streams
on the basis of which thrive major population, depending
mostly on agriculture for its livelihood. India, being tropical,
receives from heavy to very heavy rains, thunder-storms and
cloud-bursts during monsoons; and when rain-water flowing
into these rivers/streams exceed their capacity to contain,
these rivers/and streams overflow, resulting in flooding of
the adjoining areas of cultivation and population. The
flooding originating thus wreaks havoc almost every year.
The riverine floods of India especially in the Brahmaputra
river basin and the Ganges basin, cause heavy damages of
property, grains and loss of lives (human and livestock), in
the states of Assam and Bihar respectively and there is as yet
no clear tangible way found that could really control this
flooding and thereby reduce the damage done. The govern-
ment of India as well as the State government agencies are
spending a lot of money in working out suitable measures of
mitigation of flood and flood-related landslides and so far
they have achieved very little towards their goal. Floods
occur in the lower reaches of Himalayas too, where the
problem is complicated by melting of glaciers in the upper
reaches which augment the quantity of water flow into the
major rivers and streams, causing floods. In June 2013, there
was an unprecedented flooding of the pilgrim town of Ke-
darnath in the state of Uttaranchal, caused by torrential
monsoon rain aided by melting of ice in the upper reaches.
This caused landslides with such ferocity that an estimated
10,000 pilgrims who gathered in the temple town of Ke-
darnath lost their lives and a few villages in the neighbor-
hood were totally destroyed. Although the flood and the
accompanying landslides were caused by hydro-meteoro-
logical causes, it was accentuated by human contribution by
way of indiscriminate deforestation, cutting of hill slopes
randomly, mining and other engineering activity in the area
of known fragile eco-system and unstable geology. Added to
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this was the reported deficiency in weather forecast and lack
of implementation of remedial measures suggested to
redeem malady by the authorities concerned. Buildings that
were ravaged by flood and landslides were not sited on
where they should have been and further, were weakly
founded and poorly built without following any code of
construction. Further the small area was over-populated.
Landslides, as such, forms yet another hazard of concern
to India, affecting again greater part of the fragile Himala-
yas, north-east India and parts of Western Ghats towards
south India. Flooding and heavy rains are again the chief
causes that trigger those landslides, affecting hill-slope
stability and where free movement of water is constrained
by poor and choked drainage. Deforestation, cutting of trees
and building activity further accentuate the process, causing
instability of hill slopes, land and rock slip or both. Geo-
logical Survey of India is the nodal agency for carrying out
landslide studies covering major areas of landslides.

26.4 Conclusion

Earthquake, Floods and Landslides are some of the most
important natural hazards that have been causing destruc-
tion to society, since a very long time. The damage caused
by way of fatality and property often reach staggering figure
and affect in particular, economically backward and poorly
prepared countries. It is here that Mitigation and Disaster
management comes into play. The hallmark of mitigation is
the effective implementation of precautions worked-out
area specifically, such as, for instance, retrofitting and
reconstruction of pre-existing structures affected during a
major earthquake. Mitigation strategies are worked out as
dictated by the area under study and they vary from place to
place as dictated by parameters such as density of popula-
tion, type of infrastructures and economic condition of the
country and the social status of the people. Last but not the
least in disaster management and mitigation is Educating
the down-trodden in poor countries that are prone to
disasters, as this goes a long way in alleviating sufferings
due to hazards.
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Abstract

The East Siang District represents one of the multi-hazard prone districts of Arunachal
Pradesh, India covering an area of approximately 4,005 km” drained by the mighty trans-
boundary river Siang. It is located in the foothills of the Himalaya and shows wide variation
in lithology and topography. Pasighat census town, established in the year 1911, is the
headquarter of the district which falls in zone III of the seismic hazard zonation map of
North-Eastern region of India, and can experience peak ground acceleration of the order of
200-250 cm/s>. Flash floods, landslide dam outburst floods (LDOFs) are the major geo-
hazards in the district that causes heavy destruction of life and property. Other geohazards
include landslides, hailstorm and forest fire spread across the year. The LDOF in Tibet on 11
June 2000 caused death of many people living in the downstream areas of the East Siang
district. It also affected more than 10,000 people, submergence of villages and standing crops,
and collapse of bridges in Arunachal Pradesh and Assam. The occurrences of flash floods
have risen in the past decade causing partial damage to the township of Pasighat. A large
numbers of rural link roads, culverts, suspension bridges and wooden bridges have been
collapsed due to landslides, flash floods and LDOF time to time. In view of the fact that,
Siang is trans-boundary river, temporal coverage in real time and at frequent intervals is
‘thus’ required for continuous monitoring of behavior of the river in relation to incessant
rains, cloudbursts and on-going neotectonic activity. A geoethical approach is needed in
establishment of integrated flood mitigation strategies by effectively using adequate
technologies and sharing of scientific knowledge at trans-boundary levels.

Keywords
Geohazards ¢ East Siang district ¢ Siang river * Geoethics * Integrated flood mitigation
strategies

27.1 Introduction

Disasters are as old as human history more particularly in
the vulnerable areas of south-east Asia. It results from the
combination of hazard, vulnerability and insufficient
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capacity or measures to reduce the potential chance of risk
(Maskrey 1989). The East Siang District having an area of
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physical setting of the region vis-a-vis tectonic activities in
the Himalayas, has been significantly influencing the river
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Fig. 27.1 Damming of the
Yigong River on May 4, 2000,
the cause of LDOF on 11th June
2000 (http://earthobservatory.
nasa.gov)

May. 4, 2000

A

system. Palaeochannel reconstruction suggests gradual
eastward migration of the Siang River in response to
northeast ward and south eastward ground tilting due to
neotectonic activity (Luirei and Bhakuni 2008). The geo-
hazards in the district include flash flood, landslide dam
outburst flood (LDOF), landslides, hailstorm and forest fire,
spread throughout the year. Pasighat town falls in zone III
as per seismic zonation and can experience peak ground
acceleration of the order of 200 to 250 cm/s> (Mohan et al.
2008). Agriculture is the mainstay of the people of the study
area. As the topography of the district is characterized by
plains as well as hills, the agriculture pattern also varies
from hill to plain areas. In the vast tract of alluvial and flood
plains, the settled or permanent agriculture is predominantly
practiced. The river Siang which is a transboundary river
symbolizes extreme manifestation of nature’s fury during
heavy and prolonged rainfall. The mighty river flowing
through the district has numerous tributaries which possess
immense hydropower potential. The rainfall pattern, ero-
sion, land-use pressure especially in the flood-plain belt
intensify the flood hazard leading to disasters.

27.2 The Milieu

The LDOF on 11 June year 2000 was most devastating for
the Pasighat town in the East Siang District. According to
various reports it was about 300 million cubic meters of
displaced debris, soil, and ice which dammed the Siang
River in eastern Tibet. The dam was about 130 m thick,
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Yigong Lake

1.5 km long and 2.6 km wide and was created in eight
minutes (Fig. 27.1).

In April 2000, the discharge of the stream flow into the
dam lake was about 100 cum/s with the water rising at the
rate of 1 m/per day. This flood has affected over 10,000
people including submergence of villages and standing
crops (Tewari 2004). Many bridges collapsed in Arunachal
Pradesh and Assam including the rural link roads, culverts,
suspension bridges and wooden bridges. Flash Floods have
become a frequent hazard in the district. Flash floods in the
month of June, 2013, damaged horticultural gardens, fish
ponds and water pipelines besides a large area of crop fields
in all circles of the district. Consequently it is observed that
LDOF’s and Flash floods deeply influence the East Siang
district situated in the south eastern part of Arunachal
Pradesh. We find some strata in the society are more prone
to sufferings due to the disasters including people from
weaker class, gender and age. In this perception it is felt that
integrated mitigation strategies are very essential in the
vulnerable catchments like that of river Siang. The satellite
based observational networks have proved to be very
effective in many parts of world. Satellite data captured in
the near real time and adequate hydro-meteorological
information always increases the integrated approach to
assess risk, capacity building and time to respond. It also
ensures disaster services using the available resources. The
value of warning increases when people have a considerable
amount of lead time. It is an era of information and com-
munication technology therefore mitigating flood disaster is
highly dependent on infrastructural capacity of the
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stakeholders. In a study based on remote sensing data under

the DMIS programme (2004), some ground measures were

suggested to alleviate the impact of flood hazard in the

district, like

1. Strengthening of existing bunds/embankments.

2. Construction of rehabilitation shelters at safe levels.

3. Prevention of permanent structures in the severe and
very high flood hazard zones and

4. Stabilization of slopes.

In the recent time the structural measures like con-
struction of dams have raised conflict between the planners
and the environmentalists therefore the principal non-
structural option lies in use of appropriate technologies
which will help the people living in the vulnerable catch-
ments. A deep geo-environmental research using advanced
technology for reducing the impact of the hazard in the
catchment is apposite.

27.3 Importance of Geoethics in Flood

Hazard Management and Mitigation

The trans-boundary catchments are very important focal
point for geoethical intervention considering that the flood
hazard in these catchments have enormous impact on sev-
eral sections of the society covering one or more states and
countries falling within the catchment. The Flood Mitiga-
tion plans for the vulnerable catchments are the matter of
conscientious study for saving life and property of the
people. Appropriate and adequate access ways for inte-
grated flood mitigation strategies are the composite struc-
ture of proactive ethical practice for the improvement of the
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life of the people in the vulnerable catchments. For that
reason a move toward conjugal planning by the stakehold-
ers at appropriate level is the only way to live in synchro-
nization with the catchment level disasters. Geoethical
approaches in integrated mitigation strategies are very
effective for environmental emergencies (Peppoloni and Di
Capua 2012). It is succinctly felt by the global geoscientific
community that geoethics is essential for judiciously
assessing structural and non-structural mitigation strategies
for flood hazard management, environmental security and
sustainable development. However, the significant issue lies
in striking balance equilibrium at policy level in the deci-
sion-making.
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Part Il

Resilience to Citizens and Citizens for Resilience.
From Collaborative Risk Management to
Knowledge Sharing of Natural Hazards

Convener: Prof. Marco Giardino—Co-conveners: John
Clague, Elena Rapisardi, Massimo Lanfranco, Nick Roberts

As natural risks are part of our reality, the challenge is to
focus on preparedness, an interdisciplinary issue for more
effective disaster resilience. The “common and shared
knowledge” approach, empowered by web 2.0/3.0 technol-
ogies, embodies the purpose of people-centered early
warning systems: it could also improve efficacy and
efficiency of rescue teams, thus enabling cooperation,
knowledge sharing, and collaboration at all levels. This

part encourages discussion on the applicability, opportunity,
and constraints of the approaches, procedures and technol-
ogies to preparedness actions. (A) The “web 2.0 wave”:
threat or opportunity for disaster resilience? (B) Two-way
emergency communications: empower or menace for gov-
ernmental organizations. (C) ICT laws and regulations:
dinosaurs in a glass store? (D) Is research ready for Open
Data and Open Knowledge? (E) Cultural versus technolog-
ical challenges in disaster resilience. (E) Web and mobile
technologies: experiences and tools.



28.1 Introduction

Marco Giardino, Vincenzo Lombardo, Francesca Lozar,
Alessandra Magagna and Luigi Perotti

Abstract

Geological knowledge is fundamental for the assessment and mitigation of natural risks, as well
as for the successful exploration and management of georesources. The GeoMedia-web project
aims to improve people awareness of geological issues by establishing a network of
researchers, teachers, and scientific institutions sharing innovative multimedia solutions for the
dissemination of Earth Science contents, focusing on natural hazards and geological heritage.
Through the enhancement of awareness of geodiversity, we pursue to highlight evidences of
past environmental changes and evolutionary processes, and also to make available
information needed to accurately foresee future environmental changes, related risks and for
providing adequate adaptation plans and/or prevention measures. The concept inspiring the
GeoMedia-web project is based on principles of geoconservation and virtual reality
applications. By means of collaborative sharing and creation of dissemination products, we
want to fill the gap existing in Italy between these theoretical frameworks and their effective
application in geodiversity action plans, and in the proactive management of natural risks.

Keywords
Multimedia * Geological heritage * Natural risk ¢ Earth sciences ¢ Education

and a multiscale (local, regional, national, international)
group of schools, governmental institutions, cultural asso-

The project “GeoMedia-web: multimedia and networks for
dissemination of knowledge on geoheritage and natural
risk” pursues the establishment of a network, intended as a
collaboration between a university team (GeoMedia-team)
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ciations, museums and enterprises (GeoMedia-network),
working together to collect, test and design some innovative
multimedia products for the dissemination of the geological
knowledge, focusing on natural hazards and geological
heritage.

This project is funded by the Italian Ministry of Edu-
cation, University and Research (MIUR) under the Law 6/
2000, for the promotion and execution of framework
agreements with other government departments, public and
private universities, relating to initiatives for the dissemi-
nation of scientific culture.

The GeoMedia-web project has been designed by a mul-
tidisciplinary team, integrating different skills, composed of
the Department of Earth Sciences, the Centre for the Study of
Media and Audiovisual (CIRMA, www.cirma.unito.it)
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and the Centre for the Study of Natural Risks (NatRisk,
www.natrisk.org) of the Turin University, based on the
experience carried on with the Virtual Reality and Multi
Media Park (VRMMP, www.vrmmp.it), a technological
facility of Turin, dedicated to the development of multimedia
with particular attention to the use of virtual reality
applications.

Balancing the mixing of Earth Sciences knowledge,
Information and Communication Technology (ICT) instru-
ments, geomatics, geoethical principles and innovative
didactic methodologies, the GeoMedia-web project aims to
raise awareness, in schools of all levels and in the general
public, about topics such as geological heritage and natural
risk, fundamental for the protection and a better manage-
ment of the territory (Gordon 2012; Gordon et al. 2012;
Gray 2011; Henriques et al. 2011; Lucchesi and Giardino
2012; O’Halloran et al. 1994; Serrano and Ruiz-Flano 1995;
Small 2005; Van Loon 2008; Wimbledon et al. 2000).

28.2 Timelines and Activities

The GeoMedia-web project is represented by two sets of
activities, each one consisting of phases not necessarily
consecutive, for an overall duration of 24 months starting
from October 2013 (Fig. 28.1).

The first set of activities aims to the establishment of the
network and the collection, storage and selection of existing
multimedia products such as video, bi-and tri-dimensional
animations, virtual tours, on geological heritage, geological
processes, and natural risk. A database will be created with
the products catalogued, referring to their technical features,
their level of usability, the spatial and temporal scales
represented (Fig. 28.2).

The second set of activities consists in testing some
“case studies” in collaboration with educational and local
institutions of the GeoMedia-network. Based on the feed-
back obtained, new multimedia products will be designed
and developed. The database, the results of the project and
the new multimedia products will be disseminated through
the web and through a series of seminars, training courses,
conferences, publications, both at the national and

M. Giardino et al.

international level. The GeoMedia-team will monitor the
network for the entire duration of the project, coordinating
the functions for which the partners have joined the group,
ensuring its dynamism and growth throughout the project.

28.3 Innovative Features

The GeoMedia-web project introduces some innovative

actions in the dissemination of geological knowledge in Italy:

(1) the creation of a network of original collaborations,
new for the variety of the territorial scales and the wide
range of areas of interest, which is fundamental for a
constructive sharing of the competences, aimed at the
production of experimental materials and methods of
high interdisciplinary value;

(2) the design and test of innovative interfaces including
timelines and 3D graphics, with temporal and spatial
interactivity in navigation and exploration of geolog-
ical structures and processes (Fuchs et al. 2011; Jones
et al. 2008; Tufte 1983; Tversky et al. 2002; Wood
et al. 2005);

As a consequence, the GeoMedia-web project poses
particular attention to:

e the use of innovative methodologies of environmental
communication, implemented coupling qualitative and
quantitative research (e.g. action research, focus group,
interview, questionnaire, etc.), in which users play an
active role (Balzaretti and Gargiulo 2009; Denzin and
Lincoln 2005; Silvermann 2005; Elliott et al. 1993);

e the development of educational tools that integrate the
Inquiry Based Science Education (IBSE) pedagogical
approach, promoted by the European Commission, with
the cooperative learning methods, the laboratory prac-
tice and interactive didactics (European Commission
2007, 2011);

e the clearing of the conceptual hurdles that are involved
in the teaching/learning process of the Earth Sciences,
with a particular reference to the visualization of geo-
logical forms and processes through the use of innova-
tive multimedia tools that display realistic landscapes
with high quality graphics (Hedberg and Shirley 1994;

Fig. 28.1 Set of activities and

FIRST SET OF ACTIVITIES

SECOND SET OF ACTIVITIES

main phases of the project. In the
agreement, each partner chooses
to collaborate on one or more
phases

PHASE A1

Establishment of the framework agreements
with the GeoMedia-network partners

PHASE B1
Collaborative experimentation with
educational institutions

PHASE B2

PHASE A2

Collection, storage and selection of
the multimedia products

Design and development of
the new multimedia products

PHASE B3

Multimedia products and
research results dissemination



http://www.natrisk.org
http://www.vrmmp.it

28 GeoMedia-web: Multimedia and Networks

149

Spatial scales
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Fig. 28.2 Detail of the spatial and temporal scales used to catalogue the multimedia products

Fig. 28.3 Simulation of rifting
in the video “ScopriAlpi”, an
introduction to the methodologies
of Earth Science studies
(Production Museo ScopriAlpi,
Director Vincenzo Lombardo
2013)

Huntoon 2012; Mayer 2009; Qiu and Hubble 2002;
Reynolds et al. 2002);

e the combination of virtual and real tours, promoting a
widespread and rooted culture of natural risks based on
the knowledge of the processes, of the dangers involved
in the geological structure of the territory, of the
responsible usage of the urbanized areas, of the per-
ception of Earth dynamics (Fig. 28.3).

28.4 Foreseen Results

The GeoMedia-web project aims not only to establish a real
network of universities, schools, museums, cultural associ-
ations, public and private organizations, but also to create a

web-based network for the collaborative management of
innovative multimedia products for the diffusion of the
geological culture.

Innovative products will include models and animations
of geological phenomena and natural risks, virtual and real
field trips, and a system for sharing and disseminating new
methodologies and didactical products.

Additional results of the project will provide a guiding
network on the development of research and of methodol-
ogies that promote effective audio-visual teaching of Earth
Sciences.

The final task will be the dissemination of the obtained
results and products to a local and national scale audience,
by promoting a deepened geological knowledge useful for
the conscious management of local natural hazards.
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J. Javier Diez, Efren M. Veiga, Fernando Rodriguez and Rosa M. Paz

Abstract

This paper demonstrates the importance of a holistic comprehension of the Earth like a planet
that is alive, not only in its Biosphere, looking at the atmosphere-ocean-crust-mantle
interactions as its different sectorial expressions (climate, fluid-dynamics, morpho-dynamics,
tectonics...) following the solar radiation and nuclear geothermal sources of energy. It
considers the environmental incidence of different engineering activities to realize their
underfeeding as the raison, and leads to that holistic formation as the being of the engineering

geology.
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29.1 Introduction

Nobody can currently approach a territorial engineering
problem against the planet living. Planet is living, though in a
different way of the Biological processes, but its processes
are such obvious and predictable/unpredictable as in the
Biosphere. The same happens in the Fluid-sphere, where
Climate may be considered like the living processes of the
coupled answer of the Atmosphere/Ocean couple to the sun
power. The work so relates coupling between general climate
circulation and hydrological processes, establishing meteo-
rological figures and river basin reaction to flood hazards and
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describing the whole (Thermo) Dynamical process of sig-
nificant Flood events. We know now that waves and storm
surges are coupled and that (Dynamic) Maritime Climate
forms part of a more complex “Thermal Machine” including
Hydrological cycle. The analysis of coastal floods could so
facilitate the extension of that experience. All people accept
that none maritime engineering work can be designed against
the marine hydrodynamic processes (Per Bruun’s Decalogue,
Brunn 1962) and the same may be told about Geological
processes and behavior. We consider fundamental that the
same approach should be shown to all people in formation for
any Engineering activity touching nature. This attention
could be the beginning for an improvement of a holistic
understanding of our planet.

29.2 The Thermal Machine

Climate can be considered the result of the functioning in
the hydrosphere and atmosphere of complex thermody-
namic “machine” whose temperature gradient is caused by
the uneven heating via solar radiation of condensed surfaces
(the earth’s crust and oceans) on all areas of the planet,
depending upon location and natural conditions. Subsequent
radiation from these surfaces results in the uneven heating
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of the atmosphere above them, along with the generation of
convective movements and horizontal gradients producing
the winds, the displacement of air masses and the atmo-
spheric circulation.

The atmosphere and oceans as a whole comprise a double
system of interactive fluids in which great thermal and
pressure gradients are established exclusively due to the
energy provided by solar radiation. The fact that atmospheric
warming is produced from the planet’s concentrated surfaces
leads to inversions and gradients that, conditioned solely by
the Earth’s rotation (Coriolis) and the distribution of the
continents, results in their motion. These drive the move-
ments of the oceans, which in turn are conditioned by their
thermohaline gradients as well. As a consequence of this
coupling of atmosphere and oceanic masses, and following
the corresponding transitory period imposed by the planet’s
current rotation and topology, a complex double circulation,
atmospheric and oceanic, resulted, which dictates the cli-
mate. The climate, then, is made intrinsically changeable by
the intrinsically variable character of those interactive phe-
nomena, but not by the nature of its own pattern.

29.3 Climate and Coastal Morph-Dynamics

Climate affects the pattern of oceanic winds, waves and
currents, and the coastline is shifted inland or out to sea as a
result of both sea level change and those ocean conditions
(Morner 1995), which are intertwined (climatic variability).
The famous Bruun Rule (1962) determines the recession
associated with a persistent increase in average sea level.
The shoreline shifts account for other changes to the littoral
barrier of which it forms a part, as appropriate, causing
them to emigrate in response to these changes, but pre-
serving them if there is no net erosion. An adverse situation
takes place when the net erosion exceeds the net width of
the barrier, though it could still be temporary if the winter
profile is susceptible to reversibility. Dean (1977) extended
Bruun’s analysis to tides and other periodic variations
which, since 1990, has also included the wave set-up effect.
The directional variability of the swell also leads to natural
lateral shifting of beach sands with seasonal variations of
the beach shape which, together with the also natural sea-
sonal variations in the profile, can cause temporary advan-
ces and retreats of the coastline by an order of magnitude
comparable to those of the level variations once tide effects
are isolated.

Climatic changes must have had a strong influence on the
development of sailing routes along the history (let us
consider the current Arctic Sea case). They must also have
affected the access to land through their effect on beach
slopes and on the configuration of bays, estuaries, lagoons
and inlets, all of them linked to sheltered harbor areas. They

J.J. Diez et al.

could also be significant factors in landing and settling
processes as well as other climatic and environmental
considerations have affected life conditions, especially in
low and wet lands.

On the other hand, the well-known influence of maritime
climate on coastal morphology and morphodynamics does
not appear to have been fully considered until recently;
alongshore and onshore-offshore littoral transports, erosive
and sedimentary processes and genesis and migration of
barrier islands and other forms of sedimentary deposits have
been thoroughly studied, though primarily in relation to
current environmental impacts; however, other longer term
morphological and dynamic pattern changes have not been
so extensively considered (Morner 1976; Emery and
Aubrey 1991).

29.4 Hydrology and Climate

Climate is more than the addition of the spatial and temporal
climatic phenomena and goes further than the temporal
succession of the multiplicity of atmospheric and oceanic
events identified as climatic. Climate is the consequence as a
whole of the global dynamics (Thermal Machine) established
on the Planet as driven by the thermal gradients generated by
sun radiation on the planet surfaces. Therefore there is an
aspect of locality composed by multiple local thermal
machines varying on the time and across the mentioned
surface, and a global aspect resulting from the whole local
aspect but driving it also in an involving way.

The first climatic phenomenon appearing, due to the
scarce air inertia, is the wind that displaces the atmospheric
vaporised water and drugs ocean surface; it leads to a
complex atmospheric mechanic-dynamic thermal circuit.
Temperatures immediately generate evaporation and pres-
sure gradients on the sea surfaces unleashing the also
complex hydrological multiplicity of circuits. Wind drug
forces finally generates (a) wind waves, (b) storm surges
and setups and (c) currents, immediately affected by planet
rotation (Coriolis) and thermo-salinity boundary conditions
through density gradients, both of the affecting all power
transportation through mass displacements (Broecker 2000).
The last consequence of the increasing complexity and
dimension of the ocean currents is the generation of the
transoceanic currents, whose size and Thermal and kinetic
inertia supposes a tremendous feedback on the much lighter
atmospheric cycles. So the importance of the Gulf Stream
(the greatest and warmest current on the planet) on the
planetary climate, further than its inclusion in the Broec-
ker’s conveyor belt.

Following this reasoning no hydrologic global phenom-
enon may be wholly correctly understood out of that whole
complex Thermal Machine. But the same analysis may be
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Fig. 29.1 Mechanism of the
“cold drop”

B9G COLD-AIR MASS

driven in any local thermal machine affecting any hydrol-
ogy determinant flood event (Fig. 29.1). The SMARTeST
Valencia case study permits a right understanding of the
local phenomenon known as “gota fria” (“cold drop/bub-
ble”) which is just the lighter reactivation on the still worm
western Mediterranean basin of an extra-tropical cyclone
having crossed above the Iberian Peninsula whose backside
N-NE circulation has been drugging down since Polar
Circle extremely cold air masses remaining over the whole
Peninsula and more northern and southern.

The high cold/dry air mass, the hot sea surface layers, the
drug winds and the coastal length sierras generate a con-
vective air movement and a condensation process causing
intense and extensive rains on great basin areas, and the sea
level raises while wind drugs by wind and wave set ups plus
low pressure storm surge. Flood (flash, pluvial or fluvial)
may happen at any catchment of the basin but in coastal
zones it can be accentuated by high sea level (Fig. 29.2).
The situation is analogous in the case of extra tropical
cyclones in the rest of Europe and other places of the planet,
under hurricane/typhoon tropical conditions and even with
Monsoon occasions. The duration of the high level corre-
sponds to the duration of the cold drop event, and in small
to moderate basins, as Valencia’s and most Mediterranean,
the coincidence of fluvial flood and high sea level is highly
probable and affects mainly to Coastal Zones. In grater
basins as Ebro, Rhone, Po, and most of North-Europe’s that
dramatic coincidence may happen or be delayed till a fol-
lowing low pressure episode, depending of the time of
accumulation, snow melt conditions and basin regulations,
but current sea level is always a main factor in most of
floods, even further inland than mere coastal zones
(SMARTesT FP7 Project 2013).
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29.5 Geothermal Energy

The internal Geo-dynamics is a form of internal energy
transfer of the Planet (Geothermal) to its crust. The very
process of releasing that energy is able to bring about change
is by means of vibrations in the tectonic plates or by volcanic
eruptions. Tectonics and volcanism force local changes in
relative sea level through the vertical movement of certain
portions of the crust. Darwin noted these changes as early as
during 1851 Beagle’s on the island of Santa Maria in Chile.
Changes along the edges of converging plates tend to be
faster and more abrupt, whether positive or negative. Along
diverging plates they tend to be slow and around 1 mm/year
negative, which would be equivalent to between %2 and Y of
the total change along the eastern coast of the United States.
Tectonic phenomena are slow and difficult to detect, and are
thus lumped under the category of subsidence.

Isostasy changes (Fairbridge 1983) are vertical move-
ments in crust plates due to the Archimedean principle of
buoyancy. Depending on their immediate causes, they can
be glacio-isostatic, hydro-isostatic, erosive or sedimentary.
Along with these, there are at least four other vertical
movements which extend to the crust’s surface and which,
unable to be distinguished, are lumped in the subsidence
category: (Diez 2000) (a) strict isostasy, positive or negative
depending on whether the load on the tectonic plate is
increased or lessened, in which sediments are the primary
cause of the former and the melting of surface ice the cause
of the latter; (b) indirect isostasy, caused by the bending, if
present, of the plate affected locally by the preceding; (c)
isostasy caused by the natural consolidation of sediments
under their own weight; (d) isostasy caused by the anthro-
pogenic compression of sediments, either by drainage or
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Fig. 29.2 a Flooding effect of the “cold drop” phenomena on Valencia Area: left, on Turia Basin; right, on Jucar basin. b Overlapping of Turia

and Jucar floods on Valencia Area

under load. This last category is associated with the loss of
interstitial fluids (water, gas or petroleum), as in Venice,
and has been highlighted along the coasts and beaches of
Denia, Alicante, Spain (Diez 1982).

29.6 Conclusion

The complex way which planet is “living” has been shown,
as the interrelation of different kind of engineering affected
processes.

That is the reason of the engineering geology, and it
justifies a holistic formation on geology for all territorial
engineering actions/actors.

The being is the comprehension of each natural problem
in the right way and to see the real relation between them
and between nature and anthropos.

That is the main ethic rule for all the actions related with
territorial engineering. The considerations presented in the
work so looks for a holistic approach to the Planet con-
sidering it as a real wholly living Planet.
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Abstract

This paper shows the importance of a holistic comprehension of the Earth as a living planet,
where man inhabits and is exposed to environmental incidences of different nature. The aim
of the paper here summarized is a reflection on all these concepts and scientific
considerations related to the important role of men in the handling of natural hazards. Our
Planet is an unstable and dynamical system highly sensitive to initial conditions, as proposed
by Chaos theory (Gonzéalez-Miranda 2004); it is a complex organic whole, which responds to
minimal variations which can affect several natural phenomena such as plate tectonics, solar
flares, fluid turbulences, landscape formation, forest fires, growth and migration of
populations and biological evolution.... This is known as the “butterfly effect” (Lorenz
1972), which means that a small change of the system causes a chain of events leading to
large-scale unpredictable consequences. The aim of this work is dwelling on the importance
of the knowledge of these natural and catastrophic geological, biological and human systems
so much sensible to equilibrium conditions, to prevent, avoid and mend their effects, and to
face them in a resilient way.

Keywords
Natural/anthropic disasters ¢ Post-traumatic stress * Human resilience * Capacity building ¢
Risk management

30.1 Introduction

Populations have been driven by climatic and other envi-
ronmental conditions, and have settled adapting to them and
modifying them trying to avoid their damaging effects.

Risks were increasing, however, as populations grew and
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expanded. Planning of recovery mechanisms after any event
needs to incorporate the whole affection of involved pop-
ulations, being the psychosomatic facet of this affection
even more serious in the case of urban areas by the inter-
active synergies due to their human accumulations.
Among them, post-traumatic stress has a tremendous
importance and it needs to be attended since the very
beginning after the production of damages. Fast and plan-
ned prearranged reaction facing up them are so necessary as
facing up killed or physical injured people. These situations
lead to similarly serious consequences both in psychical and
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in physical answering of the affected population. Unlike
other psychiatric disorders, post-traumatic stress disorder
(PTSD) requires the exposition to an external and traumatic
stress that, as defined in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-V, American Psychiatric
Association 2013), is supposed to be an event implying vital
risk, either dead or severe injure or threat, accompanying
itself of intense feeling of fear, horror or impotence. The
dramatic trace in humankind memory caused by the “Uni-
versal Flood” is inerasable, for instance, and was already
narrated in the archaic literature of the Bible (Genesis) and
the Gilgamesh Epic Poem.

Since the last decades, the answer to natural catastrophic
hazards is based more on risk management (RM) than on risk
mitigation systems, and in many European projects Resil-
ience has acquired relevance versus Resistance, particularly
related to Flood Risk (SMARTeST 2013). A main question
of the Flood Resilient (FRe) Systems in urban environments
is the “human factor”, understood as “personal capacity” to
face adversity. This is deeply affected under damage condi-
tions, particularly when they repeat frequently in time; it is in
fact a way of particular rheology of the individual person-
ality. Formation of the human factor is rather than a problem
of capacity building and reaches the philosophical field
through the psychological introspection under sociological
perspectives. In this sense, it is possible to speak of Human
Resilience, a well-established concept today, which aims to
approach the improvement of the human factor.

Thus, the resilience is currently appearing as a key factor
to face natural geological hazards. Also, the specialized
knowledge of the natural processes is essential, together with
the accurate information, to prevent risks. That knowledge
should go through accessible tools and policies to act prop-
erly. For that, it is crucial the study of the location, geolog-
ical composition and climate context of regions, some of
them highly vulnerable and with high human exposure.
Therefore, the line of action and the analysis of the vulner-
ability should be oriented to risk management, by reinforcing
the resilience of the social and economic system. The use of
efficient tools of Engineering Geology, like geospatial
models applied by means of geological and geographical
information systems, probabilistic risk and vulnerability
analysis platforms, technology of remote sensors in combi-
nation with digital models of different attributes and sce-
narios, are central to the implementation of prospective,
corrective and reactive measures, though no more than the
people capacity building and stress resilience. The analysis
and integration of this multidisciplinary information, toge-
ther with the people resilient psychological and technical
capacity building, will allow optimize the risk management
and the strength of the resilience.

l. Paz et al.

Fig. 30.1 Human resilience allows the man to emerge from his own
ashes, like “Phoenix Bird”

30.1.1 What Does Human Factor Mean?

The Human Resilience is the human capacity to recover from
the suffered damage by different causes, although we are
interested here on natural ones. It would be considered an
acquired ability or a developed specific capacity, even, an art
(the art to be o to make himself), that allows the man to
emerge from his own ashes, like “Phoenix Bird” (See
Fig. 30.1), after suffering a loss, a pain, a distress... damage.

Human Resilience is the capability to face the most
adverse circumstances. We are born with this ability, which
varies according to people, but it can also be trained,
modified or increased throughout life or events (Santos
2013).

Resilience is as well an attitude, and it means that it can
be modified not only outside-inside, but also inside-outside.
We can learn how to be more adaptive, and show the other
ones how to do it too. Another important factor is the
copying style: optimism, creativity, and life sense, accep-
tance... increase our adaptation to the new situation and
facilitate appropriate responses, while pessimism and neg-
ativism reduce that one (Paz et al. 2009, 2012).

30.1.2 Why Is Important to Increase Resilience?

Because it prepares person or organization to face changes,

strengthens adaptation capacity and facilitates personal or

collective growing in any circumstance (Santos 2013).
Resilience is a process with 4 consecutive phases (Santos

2013):

1. Adapt

2. Get over

3. Recuperate

4. Overcome.
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30.2 The Human Role

The natural disasters are consubstantial to man life on the
planet, unpredictable and insufficiently controllable in most
of cases, as well as the range of their consequences. But, on
the basis of experience and scientific advance of knowledge,
the man can take advantage to them in order to reduce their
damages in the future. Up to now, men were acting over its
serious effects, and the efficacy of this actuation depends on
the developmental level of the affected countries and
societies.

Thereby, anticipating a natural disaster is crucial to
minimize damages to improve the recovering and adapta-
tion, thus, acting with operability.

Governments and societies must be aware that the
“before” attenuates the “after”. For that, it is essential the
good land and urban planning and settlements with perti-
nent infrastructures, and the creation of national/regional/
local disaster risk reduction systems. The adequate perfor-
mance of the involved Institutions is required as well. But
the human resilient factor, that makes possible dealing with
shocks and responding to disasters, depends on the educa-
tion of society and on the proper formation in responsibil-
ities, being this a vital basis for the “before” and for the
appropriate performance of “social and organizational
resilience systems”.

The management of disasters must contemplate the time
situations “before”, “during” and “after” the event (Sala-
gnac et al. 2012). The “before” time requires proper urban
planning and organization of societies: education of popula-
tion, emergency plans, evacuation exercises, and, the most
important, the psychological training to act “brain to brain”.
The “during” time consists of activation and implementation
of emergency systems and international cooperation. The
“after” time needs, as essential, the man recovery for the
management of disaster.

Caplan (1985) sets prevention as a comprehensive action
with 3 simultaneous intervention levels (Gomez-Acebo
et al. 2013):

1. Primary prevention.
2. Secondary prevention.
3. Tertiary prevention.

In all of them we can forecast different strategies or

programs to respond psychologically in a proper way.

30.3 Avoiding the Shipwreck

Traumas caused in the human being have tremendous
consequences of panic and losses that have not been
attended as others problems by human society, being the
response very recent. Man is used to his biorhythm and
ready to live his everyday under his plan for future,
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adapting his creative capability for each new venture. But
he is not ever ready for unforeseeable and devastating sit-
uations, in spite of the flexible conditions of our species, to
self-adaptation to the environment, that is, in spite of his
capability for such vertiginous evolution. The latent adap-
tive mechanisms break out and active physiologically in the
most critical moments, allowing our survival under unbe-
lievable situations, as we can usually see in Media. But this
also means great costs for the person due to the very serious
psychical damage induced by the suffered trauma, what is
already well known. For these reason is very important to
act in advance.

30.4 How to Build Resilient Human Beings
and Systems

In order to improve Human Resilience, we must consider
that, despite being an individual capacity, it has social
influences. In this way, resilient people often emphasize
social support as a tool to begin their recover.

It is well known in Psychology that social network is
essential to reduce the impact of traumatic events, so the
interventions that facilitate the formation or strengthening
of social nets are in the basis of the creation of resilient
societies.

On the other hand we find the individual factor. In this
sense, earlier positive experiences appear as a determining
element in resilience. To provide positive experiences, we
must count on the participation of educational systems,
because they partially define our way of interpreting both
our experiences and personality.

The construction of a well-organized personality is
necessary to generate or improve resilience, and in that
construction, not only school but parents are essential pieces
of the puzzle. Programs like those of personal and familiar
developing, psychosocial education, stress prevention, and
similar are basic to help on this way.

Psychological factors involved in resilience may be:
tolerance to frustration, self-esteem, copy strategies, self-
consciousness, flexibility, humor, music education, emo-
tional control, inner set of values and decision making.

Another and final critical factor is THE WILL: we must
exercise our willing to be more resistant to stress, frustra-
tion, and unpredictable events on our lives.

30.5 Neurochemical and Genetic Basis

Recently, it has been demonstrated that the fear gene, oprii,
that produces the nociceptine receptor, is involved in post-
traumatic stress. Laboratory assays prove that nociceptine
and its agonist molecules, that stimulate this receptor,
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prevent post-traumatic stress disease (PTSD) in mice (An-
dero et al. 2013). It has been shown that genetic variants of
the oprll gene are associated in humans with higher risk of
developing the disorder after exposure to trauma. The
symptoms can include constant re-imagining of the trau-
matic event, an overall numbing to emotions, excess anxiety,
and unpredictable bouts of anger. Thereby, neuroscience and
genetics provide an essential tool to understand and prevent
the posttraumatic stress response, strengthening the human
resilience, leitmotiv of this work. Some researchers have
created new memories by directly stimulating the mice
nucleus basalis, which, as a consequence, released acetyl-
choline (ACh), a chemical involved in memory formation
(Barad et al. 2006). The possibility of selectively creating
some memories is so surprising as much as the capacity of
deleting them. Recently, convergent evidence has implicated
the amygdala in the extinction of fear. Other works inform
that it is possible to selectively erase or disrupt unwanted
memories. This could help to create a method for the inter-
ruption of unwanted remembrances, as some generated by
addictions or traumatic events. “Our memories make us who
we are, but some of these memories can make life very
difficult” (Miller and Young 2013).

30.6 Conclusion

The brief and syncretic exposition above justifies the rel-

evance of the human factor on the unleashing of any

coordinated combination of actions, on its performance and

on the result of any social aim; particularly on those pre-

tending to make front successfully to risks derived from

natural hazards. In within this context, we conclude as

essential:

e The education of society in resilience to understand and
develop it in adverse circumstances.

e Transforming traumatic experiences and stressor agents
into stimuli to overcome them.

l. Paz et al.

e Training to be able to live without fears to get over the
limits of our mind thus building the resilience pillars.

e Understanding the neurobiological basis of trauma and
resilience to prevent and to treat them.

e The reinforcement of the individual psyche to generate
the synergy of collective resilient behavior.
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Martin Bohle

Abstract

The cumulative economic activity of humanity modifies planet Earth. Billions of humans are
working hard to survive, to keep a good life or to get a better life. Awareness of global
change is an issue for education and governance. The current time of global change requires
its own name, e.g. “Anthropocene”. Timing of its onset is a scientific endeavor. Comparing
the stratigraphic records of sediments in seas and lakes should provide a method to determine

the onset of the Anthropocene.
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31.1 Introduction
Research confirmed that mankind impacts on planetary
ecosystems and global geochemical cycles (Zalasiewicz
et al. 2011). Traces of human activities are found in various
geochemical records throughout the Holocene—from the
onset of agriculture to the onset of the industrial revolution.
However, modern humanity is a driver of global change.
Since decades “The International Geosphere-Biosphere
Programme” is bundling international research efforts to
assess how mankind impacts, beyond climate change, on pla-
net Earth. The research lead to the conclusion that a “profound
transformation of Earth’s environment is now apparent... The
magnitude and rates of human-driven changes to the global
environment are in many cases unprecedented for at least the
last half-million years” (Steffen et al. 2004). Modern man-
kind’s economic activity developed into an intrinsic part of
planetary dynamics. This is noticed for climate change or
complex geochemical cycles. Also, mankind moves more
material as natural erosion and rivers, and it has increased
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global erosion rates by more than tenfold (Ball 2005). Defor-
estation, overgrazing of pastures, and crop -cultivation
increased weathering from not more than 30 Gt/year before the
onset of agriculture to currently 50-80 Gt/year (Smil 2007).

The global impact of mankind’s activities on planetary
ecosystems and geochemical cycles is a recent phenome-
non. This change should become part of the public debate
(Biermann et al. 2012) because modern humans are “terra-
forming” the planet in an involuntary and disorganized
manner. Human population count several billion instead one
billion a century ago. Economic activity increased by an
order of magnitude in the last 50 years, even if many human
beings are left at a low level of consumption of raw-mate-
rial, energy and food. In that context, it seems appropriate to
call the modern geological period “Anthropocene” and to
establish its onset in present times and not in recent his-
torical past. The simple implicit message of setting the
onset of the “Anthropocene” at present times is: Now we
have to care about what we do to planet Earth.

31.2 Name It to Drive a Paradigm-Shift

The human mind captures a “phenomenon” by naming it.
Some, like Mark Pagel (2012), would say it needs a
“meme” to integrate a “phenomenon” into thinking and
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culture. A “meme” is understood to be a way of thinking or
behaving that spreads through writing, speech or other
imitable phenomena from mind to mind. Notwithstanding
how human mind-settings and cultural environments
become common wisdom of societies, actions and values
are based on the notions we use. Therefore mainstreaming a
notion is a means to establish a hegemonic way of thinking
and to favor a related culture.

Since eons humans tackled the philosophical question:
What is “our place” in the world? Myths and minds are full
of related “memes” responding to that question. It is a bold
philosophical insight that mankind impacts involuntarily on
planetary ecosystems and global geochemical cycles. This
insight breaks with eon-old paradigms; namely that we are
surrounded by “eternal nature” to that we have to succumb,
that is indifferent towards us, or that mankind will have to
master. Naming the recent geological times ‘“Anthropo-
cene” would mint a different paradigm involving values
such as stewardship of the Earth (Tickell 2011).

Support for a paradigm-shift has to be based on reliable
science. One option is to refer to the classical techniques
that are used to describe geological periods, thus to look for
a change in the stratigraphic record. I like to discuss this
approach for the sake of its simplicity and the conservatism
of the underpinning idea. The associated scientific tech-
niques may well be complicated, but they may be less rule-
shifting than counting the mine-shafts or density of road-
network as it has been proposed.

31.3 What Is Taken on Record?

Since some years, earth scientists look to the stratigraphic
record to pin down the “Anthropocene”; for example the
working group on Anthropocene within the activities of the
International Union of Geological Sciences. Many findings
are reported: Pollen records in peat show vegetation changes
by agriculture. Ice cores from Antarctic, Arctic (Greenland),
or mountain glaciers contain lead from fuel additives.
Nuclear fall-out from atomic-bombs or nuclear accidents
serve as reference-tracer, so called “golden spikes”. The
steady increase of carbon-dioxide concentrations indicates
humanity’s growing technological and economic power.

Each tracer is valuable; however the impact of humanity
on the globe should be measured by a comprehensive range
of parameters, which show the composite stage of global
geochemical cycles and global ecosystems. Where to find
these parameters? I would like to argue that contempora-
neous marine and lacustrine sediments provide a global
composite picture of the onset of the “Anthropocene”.
What is taken on record in these sediments?

M. Bohle

Different varying isotope ratios are a first feature to con-
sider. Water molecules react slightly differently in the
hydrological cycle depending on the oxygen isotope; oxygen
isotopes are fractionated in a temperature depending manner;
the burning of coal and oil influences the ratio of carbon
isotopes in the environment, and carbon isotopes are frac-
tionated in biological processes (Langmuir and Broecker
2012). Likewise, the fixing of atmospheric nitrogen on
industrial scales, by the Haber-Bosch process, led to a change
of the global nitrogen isotope composition (Holtgrieve et al.
2011). Global pollution can be measured: lead from fuel-
additives, mercury from industrial processes, or radionuc-
lides from nuclear tests, nuclear accidents and processing of
nuclear waste. The decay products of radionuclides provide
for a clock to date a sediment layer (Herman et al. 1995).

31.3.1 Example: “Lacustrine Sediments”

Lacustrine sediments incorporate isotopes and pollutants
(Heyvaert et al. 2000). Detailed stratigraphic records
develop in lakes with seasonal sedimentation patterns and
little perturbation of the sediment layers. Seasonality of
sedimentation patterns can be caused by seasonal throw-
flow or seasonal cycles of plankton communities.

Sirocko (2012) shows that the lakes in the German Eifel-
region provide a very detailed stratigraphic record. These
lakes (“Maar”), which are formed by single volcanic
eruptions when groundwater is coming into contact with
hot lava or magma, have limited through-flow, small
catchment area and low surface/depth ratio. The deeper
water layers and the bottom of these lakes are sheltered.
The lakes also show strong seasonal biological and
hydrological cycles.

Layered sediments of German Maar lakes (Sirocko
2012) could be studied on a sub-annual time scales pro-
viding a detailed record of regional climate and local human
activity from paleolithic to most recent times. A combina-
tion of techniques such as freezing in situ sediment samples
before withdrawing them and dating layers using Cesium
isotope (37CS) revealed events of the last decades includ-
ing the radioactive fall-out from the Chernobyl accident in
1986.

31.3.2 Example “Marine Sediments”

Marine sediments incorporated isotope and pollutants (Fu-
kuea et al. 1999). In addition, some other processes are
going-on in seas only, which reflect human activity. First to
mention is littering. Litter is present in all oceans and is a
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global problem. The concentration of litter, such as plastic
and glass, is particular high in shelf-sea regions and coastal
zones but litter is found also in the deep sea (Galgani 2000).
Second, the hydraulic regime of many rivers is modified by
man and their sediment load discharged into the sea is
modified, and the sedimentation rates in coastal plains shift
(Stanley 1996). Third, bottom trawling in shelf-seas is
reworking the sea bottom to a depth of several centimeters.
Massive bottom trawling, also in deeper shelf waters, hap-
pens since some decades up to the point that the sea bottom
gets smoothed (Puig et al. 2012). Bottom trawling is a more
powerful means to modify the sea bottom than bottom
currents. Bottom trawling mixes the top sediment-layer and
destroys the benthic communities that rework sediments.
Bottom trawling modifies the physical and biological fea-
tures of the top sediment layer. Summarizing, marine sed-
iment layers that are formed currently should have different
physical, chemical and biological characteristics as in the
past. The sediment layers are tagged with isotope-signals,
radionuclides and litter-fossils. In particular, the sediment
layers in coastal seas and shelf seas should currently change
most prominently.

31.4 Conclusion

The onset of the Anthropocene is been recorded by the
sediments forming currently in lakes and seas. Marine
sediments should change more prominently than lacustrine
sediments because of the combination of physical, chemical
and biological process and the abundant litter. However, the
layering of lacustrine sediments should be finer and less
perturbed than the layering of marine sediments easing
precise dating by radionuclides from fall-out of nuclear
incidences.

Comparative studies of lakes and shelf-seas in different
geographical settings and climate zones should be under-
taken to describe the global composite picture of the on-set
of the “Anthropocene”, defined as the accumulated impact
of mankind’s economic activity on the globe. Consequently,
public debate should reflect the paradigm shift of human-
ity’s place on the globe, e.g. making Global Stewardship the
operational meme of the “Anthropocene.”

Disclaimer The views expressed in this paper solemnly engage the
author.
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32.1 Introduction

Robert E. Tepel

Abstract

Engineering geology has no generally acknowledged and formally stated Raison d’Etre. This
lack could be because engineering geology practice has long been so closely integrated into
civil engineering practice that its Raison d’Etre appeared to be nothing more than to serve the
needs of civil engineers. Today, our scope of services has expanded beyond direct and
immediate application to engineered projects. A 21st century Raison d’Etre for the profession
should match our 21st century practice; it should be derived from a description of the benefits
the profession provides to humankind. This study seeks insight into how engineering geology
benefits humankind by examining a subset of thirteen of forty-nine codes of ethics under
which engineering geologists might practice. All thirteen contain an ethical requirement that
stands out as supportive of a Raison d’Etre for the profession based on its societal value. This
special clause imposes a mandatory duty on the professional to hold paramount the public
health, safety, and welfare in all professional work. The connection between this ethical
requirement and our 21st century Raison d’Etre is revealed by asking the question, how does
our practice meet the ethical requirement to protect the public health, safety, and welfare?
The proposed answer (Raison d’Etre) is that engineering geologists protect the public health,
safety, and welfare by finding, defining, and communicating actionable information about,
geologically-sourced risks and their associated hazards that can affect the health, safety, and
welfare of the public, as they live in and use their natural and built environments.

Keywords
Professional ethics * Public recognition * Raison d’Etre

original scope and workplace setting of the practice. Today,
many engineering geologists do not work in an engineering

Engineering geology has no generally acknowledged and
formally stated Raison d’Etre. This is not from lack of
effort, but from difficulty in deciding what engineering
geology is really all about (Tepel 2004b, 2012a, c). Engi-
neering geology today has evolved and expanded from the
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office but instead practice directly before the public and
provide engineering geology services that do not have
immediate and direct input into engineered projects. This
type of practice opens the door to expanding our thinking
about the societal value of engineering geology practice; it
requires a Raison d’Etre for our profession that recognizes
its independent, stand-alone, nature but also recognizes our
traditional close link to engineering practice. The value of
adopting a formal Raison d’Etre statement for engineering
geology is manifold. It will provide a sense of unity and
direction to the members of the profession, provide focus
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for promoting the profession and its services, and inform the
public in plain terms how it can benefit from our services.

Engineering geologists have engaged in introspective
pondering about the underlying philosophical rationale of
their practice (why it exists and its value to society) almost
from the beginning of the discipline. The focus of 20th
century authors included the utility of geology to the
engineer, the role of the geologist in the engineering
organization, the workplace relationships between geolo-
gists and engineers, how the profession of engineering
geology could promote its application, and defining engi-
neering geology and its relationship to other geo-profes-
sions. These efforts were not satisfying. The sense of
dissatisfaction at the time over the lack of resolution about
the nature of engineering geology was summed up by
Miiller-Salzburg (1976) as: “However, it appears to me that
the development of the science in recent years does not
seem to head in a direction that one could be satisfied with.
Again and again we seem to divert from the right path and
one could say that many of us do not even seem to know
the ultimate goal. This explains why one gets such different
answers to the basic question what Engineering Geology
really is.”

Of importance to the goal of this paper, in the late
twentieth and early twenty-first centuries, engineering
geologists began to explore the basic nature of their unique
work products and methods, and to discuss the concept of
risk management through engineering geology. Pioneering
authors defined the fundamental character of the work
products and methods of engineering geology practice in a
way that led to a new understanding of the societal value of
the work of the engineering geologist. The closely related
work process/product concepts of the site geological model,
the total geological history model, and the site character-
ization were developed. Contributors included Fookes
(1997), Fookes et al. (2000), Hatheway (2000, 2002),
Davison et al. (2003), Baynes and Hatheway (2003), Knill
(2003), Hempen and Hatheway (2004), Joint European
Working Group (2004), Task Force (2004), Baynes and
Rosenbaum (2004), and Sullivan (2010). Knill (2003) in
particular linked engineering geology practice to risk
management and risk reduction, and this leads to recog-
nizing that our practice supports the societal goals of public
safety and risk reduction. Inspired by these efforts, I
explored concepts about the nature of engineering geology
and a suitable Raison d’Etre for engineering geology (Tepel
2004a, b, 2008, 2009, 2010, 2011, and 2012a, b, c). While
the works cited here provide a substantial base for my
analysis, my current work did not delve into ethical codes
or guidelines in languages other than English, and is
largely limited to western European-Anglo-North American
settings.

R.E. Tepel
32.2 Thesis and Method

My thesis is that we can and should develop a Raison d’Etre
for engineering geology that is based on the societal value
of our practice: how it benefits humankind (or “society”).
This Raison d’Etre should be worded such that it accom-
modates both the traditional benefits of our practice to the
engineering profession and the societal benefits that flow
from our modern expanded scope of activity—work that
does not provide direct and immediate input into engineered
projects. As one method to research how our practice ben-
efits society, I reviewed codes of ethics applicable, or
potentially applicable, to engineering geology practice
(Tepel 2012b). These codes fall into two groups: (1) stat-
utory codes of ethics imposed on the profession by juris-
dictions that have adopted licensure for geologists
(including engineering geologists), and (2) professional
organizations, including those dedicated to geology or
engineering geology and those professional engineering
organizations of which engineering geologists might be
members. The premise as to government-imposed codes of
ethics is: if we want to know how our practice benefits
society (government here is a proxy for society), why not
see what society says those benefits are by seeking them in
government-imposed codes of ethics? The premise as to
professional organization codes of ethics is: these codes are
presumably developed with some level of altruism that is
directed to the societal benefits of professional practice and
those benefits should be stated or implied in the codes.

32.3 Results

Almost all of the forty-nine codes reviewed in Tepel
(2012b) contain a “primacy clause” that specifies the
highest (primary or paramount) ethical level of duty the
professional must meet. Of the forty-nine codes, nine reg-
ulatory codes and four professional organization codes
contain similarly worded primacy clauses requiring, in
mandatory phrasing, that the professional shall place the
public health, safety, and welfare paramount. The thirteen
codes and their primacy clauses are listed in Tables 32.1
and 32.2 (derived from Tepel 2012b).

32.4 Discussion and Conclusion

One American state licensure board, eight Canadian pro-
vincial licensure boards, (Table 32.1), and four professional
organizations (Table 32.2) have similar strong and
unequivocal clauses that make paramount the duty of the
licensed geologist (or member) to protect the public health,
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Table 32.1 Jurisdictional codes of ethics potentially applicable to engineering geology practice with primacy clauses that place the public

interest paramount

Jurisdiction

Alberta

British Columbia

Manitoba

New Brunswick

New Hampshire

Newfoundland and
Labrador

Nova Scotia

Ontario

Saskatchewan

Primacy clause excerpts (Analytical commentary by author is in italics)

Professional engineers, geologists and geophysicists shall, in their areas of practice, hold paramount the health,
safety and welfare of the public and have regard for the environment. Straightforward, strong, and unequivocal

Members and licensees shall...hold paramount the safety, health and welfare of the public. Straightforward, strong,
and unequivocal

Each practitioner shall regard the physical, economic and environmental well-being of the public as the prime
responsibility in all aspects of professional engineering and professional geoscientific work. Strong and
unequivocal

Engineers, geoscientists, and members-in-training shall...hold paramount the safety, health and welfare of the
public.... Straightforward, strong, and unequivocal

The licensed professional geologist shall hold paramount the safety, health and welfare of the public. Strong,
Straightforward, and unequivocal

...professional engineers and geoscientists shall...hold paramount the safety, health and welfare of the public...
Straightforward, strong, and unequivocal

Professional Geoscientists shall.... Hold paramount the safety, health and welfare of the public and the protection of
the environment. Straightforward, strong, and unequivocal

A Professional Geoscientist shall...regard his or her duty to public safety and welfare as paramount....
Straightforward and strong, bit does not reference the public health

...members and licensees shall: hold paramount the safety, health and welfare of the public and the protection of the

environment .... Straightforward, strong, and unequivocal

safety, and welfare. (The word “welfare” is taken to include
the economic value of property and other wealth (assets) of
individuals, families, businesses, and societal assets, as well
as the societal benefit in avoiding or reducing losses from
geologic hazards.) The Canadian boards listed in Table 32.1
all license both engineers and geologists and apply the same
code of ethics to both professions. The ethical requirement
imposed by governmental licensure boards can be viewed
as society, organized as government, telling the profession
what it thinks are the most important societal benefits of its
practice—benefits so important to society that they must, in
event of conflict, be given priority over the benefits of the
professional’s practice to clients or employers, or to the
professional as a person. Table 32.2 lists four professional
organizations of which engineering geologists might be
members that place strong and unequivocal ethical
requirements on their members to place the protection of the
public health, safety, and welfare paramount among their
members’ ethical duties. These four organizations, repre-
senting the best interests of their members, support the
statutory requirements noted in Table 32.1.

Our Raison d’Etre, however, is not simply to protect the
public health, safety, and welfare; all the design professions
do that. The connection between the ethical requirement to
hold paramount the protection of the public health, safety,
and welfare and our 21st century Raison d’Etre can be
discerned by asking the question, how does our practice
meet the paramount ethical requirement to protect the
public health, safety, and welfare? The suggested answer is
that engineering geologists protect (and enhance and

safeguard) the public’s health, safety, welfare by finding,
defining, and communicating actionable information about,
geologically-sourced risks and their associated hazards that
can affect humans, their health, safety, and well-being, and
their institutions and property, as they live in and use their
natural and built environments.

To state this proposed Raison d’Etre in capsule form,
engineering geologists help people and their institutions
recognize and manage geologically-sourced risks and their
associated hazards.

A formal and complete statement of the proposed Raison
d’Etre of engineering geology might be phrased thusly:

Engineering geology protects, enhances, and safeguards
the public’s health, safety, and welfare by finding, defining,
and communicating actionable information about, geologi-
cally-sourced risks and hazards that can affect humans, their
health, safety, well-being, and their institutions, and prop-
erty, as they live in and use their natural and built
environments.

Itis here proposed for discussion that it is this set of benefits
that engineering geologists provide to humankind that justifies
the existence of the profession: it is our Raison d’Etre.

32.5 Application

The proposed broad Raison d’Etre of engineering geology fits
well with the broadened scope of 21st century engineering
geology practice: out work supports societal goals of sus-
tainability, livability, protection of cultural heritage, and
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Table 32.2 Organizational codes of ethics potentially applicable to engineering geology practice with primacy clauses that place the public

interest paramount
Organization

American society of civil

engineers and unequivocal

Institution of civil engineers

Primacy clause excerpts (Analytical commentary by the author is in italics)

Engineers shall hold paramount the safety, health, and welfare of the public. Strong, straightforward,

Members of the ICE should always be aware of their overriding responsibility to the public good. A

member’s obligations to the client can never override this.... Strong and unequivocal

National society of professional

engineers and unequivocal

Society for mining, metallurgy,
and exploration

environmental protection. The ethical standard that we as
practitioners must hold paramount the public health, safety,
and well-being is well suited to guide our 21st century prac-
tice in the framework of the societal goals of environmental
protection, sustainability, and risk reduction. It is also
applicable to our traditional; practice that offers direct and
immediate input into engineered projects. Formal adoption of
a modern Raison d’Etre for engineering geology by our
professional associations and by IAEG is encouraged.
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