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9. An historical flight and some open questions
towards a pluralistic but holistic view of resilience

Maurizio Indirli”

Abstract

The term “resilience”, found for the first time in several Latin authors, then
passed through medieval culture until intellectuals who strongly contributed
to the birth of the modern scientific method (as Francis Bacon), 19" century
encyclopedists, the Rankine’s quantitative definition in engineering, and
finally to psychology, anthropology, and ecology, with the fundamental
Holling's contribution in 1973. In the last decades, the concept expanded
quickly into social-ecological systems, disaster/risk assessment,
sustainability, and adaptive capacity to cope catastrophic scenarios.
Nowadays, multi-disciplinary scientists and representatives of public/private
organizations largely use the term “resilience”, but with increasing ambiguity
about its properties and attributes. This work presents an excursus through the
ages and a brief (not exhaustive, of course) state-of-the-art regarding
“resilience”, pointing out some open questions of the current debate among
researchers of different disciplines, working in the fields of hazard mitigation,
sustainability, risk assessment, heritage preservation, and so on.Increasing
popularity but still scarce unification depict the situation; resilience still
necessitates a robust effort of further multi-, inter-, trans-disciplinary
research, going beyond the current fragmentation. Impressive tools supplied
by Geomatics/Big Data management and extraordinary potentialities
available from complex mathematical models give us now the opportunity to
create ‘a network of networks’; but the fast run of technology cannot be
separated by a slower and shared Peripatetiké Scholé, exploring philosophical
and scientific theories with a pluralistic but holistic view.

Finally, this work presents open questions and suggestions of some nuclei
of future research regarding “resilience” (safety, robustness, adaptive
capacity, sustainability, governance, anamnesis) that might be exploited in
future studies.

* Corresponding Author; ENEA-SSPT-MET-DISPREV, Research Centre of Bologna, via
Martiri di Monte Sole 4, 40129 Bologna, Italy. Tel.: +39 051 6098727; fax: +39 051
6098544; E-mail address: maurizio.indirli@enea.it.
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1. History

1.1 Resilience, origin and evolution of the concept: from the classic age to
the end of 19" century

My curiosity about the concept of “resilience” has been stimulated after
reading the “etymological journey” of Alexander (2013); then, I felt the need
of a personal investigation, in order to bring a sharper focus on some crucial
historical passages and connections.

Some authors find captivating links with Ancient Greek Stoicism, Daoism,
and Taoism (resilience as interpretation of detachment: Atkinson et al., 2009;
Robertson, 2012; Morris, 2004; Wong, 2006; resilience as warrior self-
governance, Sherman, 2005). Anyway, I believe that the current term
indisputably appears in the Latin writings of Marcus Vitruvius Pollio', Titus
Lucretius Carus?, Gaius Plinius Secundus Maior®, Lucius Annaeus Seneca
Maior*, Lucius Annaeus Seneca Minor’, Publius Ovidius Naso®, Marcus
Tullius Cicero’, Titus Livius®, Marcus Fabius Quintilianus’, Lucius Enneus
Florus'®, Gaius Petronius Arbiter'!, and later Ammianus Marcellinus'?
Flavius Vegetius Renatus'?, among others (Figure 1).

2

L
LVCRETII

C. PLINIT SECUNDI
NATURALIS
HISTORIZ,

bk
[R5 i |
Marcus Vitruvius Pollio,  Titus Lucretius Carus, Lucius Annaeus Seneca
De Architectura: De Rerum Natura: Maior, Naturalis Maior, Controversiae:
acoustics in theaters void and resistance of  Historia:fishes, honey  sentence of the priestess
(see Note 1) bodies (see I;IQLG 2) and nettle (see Note 3) (see Note 4)

Publius Ovidius Naso, . . . .. Gaius Petronius
Marcus Tullius Cicero, Titus Livius, . ..
Metamorphoses: . . . Arbiter,Satiricon:
.. . . Pro Roscio Armerino: Ab Urbe Condita:
sailing, swimming, fighting the young slave
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(see Note 6) accuse rebounds from  skittish elephants in Zama (see Note 11)
own client (see Note 7) battle (see Note 8)

Figure 1 - Appearance of the term resilience in Latin authors.

In Latin (Liotta et al., 2010), resilire (r&silio, résilis, resilui, résilire;
resiliens -€ntis) means the act of rebounding, i.e. to rebound/recoil, from “re-
” back + “salire” to jump, leap. It is used in architecture (Vitruvius), natural
sciences (Lucretius, Plinius Maior), law and religion (Seneca Maior, Seneca
Minor, Cicero, Quintilianus), literature (Ovidius, Petronius), history (Livius,
Florus, Marcellinus, Renatus), giving the description of daily experiences in
tangible or metaphorical sense (rebounding, leaping, shrinking, drawing
back, retreating).

Plutarch (50; after 120 AD; Romanized Greek born at Chaeronea)
analyzed the personalities of Lycurgus and Numa Pompilius in his Parallel
Lives (Plutarch, 2001). He locates the cause for resilience somehow in the
traits of the leaders, including virtues both moral and intellectual, and in the
specific plans deemed necessary to bring about change to the societies of
Sparta and Rome (Cusher, 2015).

Sofronius  Eusebius  Hieronymus'*  (St.  Jerome), = Ambrosius
Mediolanensis' (St. Ambrose), and Aurelius Augustinus Hipponensis'® (St.
Augustine) use the word respectively in their Epistolae, Hexameron, and
Breviculus collationis cum Donatistis. Resilire turns out again in Historia
Langobardorum of Paulus Diaconus Warnefred Barnefridus Cassinensis!’
(Paul the Deacon) and Legenda Major Sancti Francisci of Bonaventura
Bagnoregis'® (Bonaventure). The term appears in other medieval authors as
Isidorus Hispaliensislg, Beda Venerabilis?®, Theodulfus Aurelianensis?!,
Aelredus Rievallensis??>, Hugo Falcandus?®, and Boncompagnus de Signa*.

The verb resilire is cited again by Gaufridus Monemutensis® (Galfridus
Monumotensis, Geoffrey of Monmouth; Hammer, 1951) in his Historia
Regum Britanniae, it is a popular chronicle originally in Latin, a valuable
piece of medieval literature translated into several languages, although
historically unreliable. Pietro Alighieri*® and Guido da Pisa®’ use the word in
their commentaries of Divina Commedia (by Dante Alighieri, 1265-1321;
Alighieri, 1957). By the way, the impressive motto “PERCUSSA
RESILIUNT” (“struck they rebound’; ascribed to Leone X, the Renaissance
Medici Pope, as an ingenious allusion to the unstable fortune of his family;
Valery, 1839) leaps out in the Hall of Elements, Pitti Palace, Florence, Italy.

Coming from the sharp philological (pre-scientific) nucleus of the Classic
Roman culture (therefore employed infrequently but properly), it seems that
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resilire, with its derivatives, rebounds from a thinker to another, through
subsequent ages: sometimes keeping the original sense until to Giacomo
Leopardi (1798-1837; Italian poet, philosopher, essayist, philologist;
Zibaldone di pensieri, Leopardi, 1832); otherwise becoming ambiguous or
capsized.

I neglect here the almost hidden passages (rather difficult to identify) into
Romance languages (mention in Alexander, 2013: Middle French: “résiler”;
English: “resile”), and remember en passant some historicists of the same
period (example: Johannes Cluverus?® or Iohannis Cliiver, Historiarum Totius
Mundi Epitome). In fact, it could be more productive to investigate the work
of eminent bilingual (Latin/English; Latin/Romance) intellectuals who
strongly contributed to the birth of the modern scientific method. They are
Franciscus Baconus de Verulamio® (Francis Bacon), Renatus Cartesius>’
(René Descartes), and Galileo Galilei®'.

Bacon uses resilience (and derivatives) both in Latin and English (Novum
Organum, Sylva Sylvarum, Figure 2) to describe physical properties and
natural phenomena; the same for Descartes (Letter 110 to Mersenne in
French, translated into Epistola CX Ad R.P. Mersennum). Although Galilei
seems to ignore the word, it appears in Latin writings of colleagues involved
in epistolary exchanges or debates with him about astronomy and motion of
bodies (examples: Honoratus Fabrius or Honoré Fabri, Tractatus Physicus De
Motu Locali; Fortunio Liceti, 1577-1657, Italian physician, philosopher,
scientist, Liteosphoros, seu de Lapide Bononiensi).

Thanks to the robust basis created by the above said scientists, Ralph
Bohun?? speaks of “resilition” in an important early systematic study of winds
(A Discourse concerning the origine and properties of wind; Bohun, 1671),
after collecting worldwide wind and storm data, including on the land/sea
breeze regime, the seasonal Asian monsoonal flow, hurricanes, waterspouts,
and tornadoes. The same does James Keill** (An Account of Animal Secretion;
Keill, 1708), and later Thomas Campbell** (A Philosophical Survey of the
South of Ireland, in a series of letters to John Watkinson; Campbell, 1778).

Thomas Blount®® (Blount, 1656), Edward Phillips*® (Phillips, 1658), and
Ephraim Chambers®’ (Chambers, 1728) employ “resilience/resiliency/
resilition/resilient” 1in their books (respectively: Glossographia: RE,
Resiliency/Resilition, a leaping back, recoiling, or rebounding; see also
Alexander, 2013; The New World of English Words, or, a General
Dictionary: RE, Resiliency/Resilition, the State or Quality of that which is
resilient, Resilient, leaping back, rebounding, or recoiling; Cyclopaedia, or,
an Universal Dictionary of Arts and Sciences: REC, Recoil/Rebound, the
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resilition of a body, chiefly a fire-arm; or the
explosion, it starts or flies backwards; Figure 3).

Francis Bacon, Sylva Sylvarum, (see Note 29).

Figure 2 - The concept of resilience in Francis Bacon.
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(see Note 38)

Figure 3 - Appearance of the term resilience in English encyclopedists and in Chauvin (Latin).

Stephanus Chauvin® (Etiennc Chauvin; Chauvin, 1692) registered the

definition of “resilientia” in his Lexicon Philosophicum. Denis Diderot*

and

Jean Baptiste Le Rond d’Alambert® are co-editors of the Encyclopédie
(Diderot & Le Rond d’Alambert, 1751-65), inspired by the success of the
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above mentioned Chambers’ volume, but the words “résiliation/résilier” are
confined in the field of jurisprudence.
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Figure 4 - Thomas Tredgold’s important books.

266. The Resitience, or spring of the bar, or the work performed

A MANUAL in stretching it to the limit of proof strain, is computed as follows :
. — being the length, as before, the elongation of the bar under the
proof load is
APPLIED MECHANICS. mzjnf;

305. The Resilience or Spring of a Xeam is the work performed
in bending it to the proof deflection. This, if the load is concen-
trated at or near one point, is the product of half the proof load
into the proof deflection ; that is to say,

W,

WILLIAM JOHN MACQUORN NNKIML

Rith Pumerens Plagesme,

[ -

LONDON:
CHARLES GRIFFIN AND COMPANY,
ATATIONERS' WALL COUAT,

" (2) A Modulus of Resiience L, of the kind already mentioned
in Article 266.

William John Macquorn Rankine (see Note 41)

1864
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Figure 5 - First quantitative definition of resilience: relation between force, ductility and resistance of beams.
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In general, advancing the Western scientific culture, resilience - and
attributes - focuses on physical properties (rebounding of objects; elasticity
of bodies; absorption of energy after impacts; reclaiming the original shape
after deformation; sound reflecting; etc.).

The first definitions of resilience in engineering (timber and iron
properties) can be found in Thomas Tredgold* (Practical essay on the
strength of cast iron, and other metals; Tredgold, 1824; Elementary
Principles of Carpentry; Tredgold, 1853; see also references in Haigh, 2015;
Figure 4). Later, William John Macquorn Rankine*' (A Manual of Applied
Mechanics; Rankine, 1858-64; also reference in Alexander, 2013) provided
quantitative formulae linking strength, ductility, and resilience of beams
(Figure 5).

The same concepts, recalled in following technical-scientific books (Ewart
Sigmund Andrews*’; Andrews, 1908; 1913), spread immediately to the
construction practice and industrial processes (Charles Frederick T. Young®’,
The fouling and corrosion of iron ships, Young, 1867; William John
Gordon*, Foundry, Forge and Factory, Gordon, 1890; Andrew Wynter45,
Subtle Brains and Lissom Fingers; Wynter, 1869).

Furthermore, resiliency is found in Medicine (Robert Bentley Todd*¢, The
Cyclopaedia of Anatomy and Physiology; Todd, 1836-59; David James
Hamilton*’, A text-book of pathology systematic & practical; Hamilton, 1889-
94; Thomas Clifford Allbutt®®, A System of Medicine by Many Writers;
Allbutt, 1901). The word also describes the ability to recover from adversity
(Robert Bell*, Eminent literary and scientific men, English poets; Bell, 1839;
also reference in Alexander, 2013).

AMERICANS IN JAPAN:

GOVERNMENT NARRATIVE OF THE
U. & EXPEDITION TO JAPAN,

Robert Tomes, The Americans in Japan (see Note 50)

Figure 6 - Tomes’s description of the earthquake/tsunami occurred in Shimoda, December 23", 1854.
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Charles
Darwin’s

"Beagle Diary

Book cover Principal expeditions ) Remains of the cathedral of Conc;epcibn: Chile
Charles Darwin (see Note 51)

Figure 7 - The Charles Darwin’s Journey reported by his Beagle Diary.

Robert Tomes® (The Americans in Japan, Tomes, 1857; also reference in
Alexander, 2013; Figure 6) gives a sharp and astonishing description of the
earthquake/tsunami sequence occurred in Shimoda, near Tokyo, on
December 23", 1854, highlighting the adaptive capacity of Japanese people
as resiliency and energy in their character.

Although Charles Darwin’! does not mention explicitly the term resilience,
he was quite shocked (Darwin, 1988, Figure 7) when he experienced a seismic
event (earthquake and tsunami of Concepcion/Talcahuano, Chile; February
20" 1835, 11:30 local time, 15:30 UTC; estimated magnitude M=8.2,
M =8.1). Furthermore, Charles Darwin and Robert Fitzroy witnessed the
volcanic phenomena of Mount Osorno in Chiloe (November 26", 1934).
Darwin’s observations about volcanos, earthquakes, and fossils contribute
greatly to develop his thinking about the long-lasting age and transformation
of the earth (but approximately only 6,000 year old for the Bible dogma in
the dominant creationism of that period!). Consequently, also thanks to the
study of the coral reefs growth, Darwin moved to the concept of ‘coral of life’
instead of ‘tree of life’, more appropriate for him to formulate the theory of
the origin of species by natural selection (Darwin, 1859). “Changes in the
land created new environments and fostered adaptations in life forms that
could lead to the formation of new species. Without the demonstration of the
accumulation of multiple crustal events over time in Chile, the biologic
implications of the specific species of birds and tortoises found in the
Galapagos Islands and the formulation of the concept of natural selection
might have remained dormant” (Lee, 2010). Finally, the exceptional
discontinuity marked by Darwin has been fundamental, more than one
century later, for Crawford Stanley Holling, studying invading species and
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species in danger of extinction, to stress the separation of ecological resilience
from stability, as different concepts and processes.

At this stage of our historic excursus, it is quite evident that the resilience
flow, at the end of the 19™ century, already presents, although in an embryonic
state, the terms of future problematic conflicts, which will be emphasized by
the growing up of multi-, inter-, trans-disciplinary approaches. A delimited
and quantitative definition, born in applied contests of hard sciences, is going
to be transferred to themes involving significantly social disciplines, until
disaster assessment and civil protection, due to its undeniable metaphoric
strength. The following direct quotation (Alexander, 2012; and 2013)
summarizes perfectly the question: “A resilient steel beam survives the
application of a force by resisting it with strength (rigidity) and absorbing it
with deformation (ductility). By analogy, the strength of a human society
under stress is its ability to devise means of resisting disasters and
maintaining its integrity (coherence), while the ductility lies in its ability to
adapt to circumstances produced by the calamity in order to lessen their
impact.” Powerful and charming, the word resilience, acting as a prism
scattering rapidly its original background into different directions, will catch
the forthcoming and transversal attention of scientists, institutions, and
citizens.

1.2. Resilience, origin and evolution of the concept: from the 20" century
until today

The concept of resilience, built around the original nucleus belonging to
the Latin culture, then renovated by the birth of the modern scientific method,
offered broad description of phenomena in medicine, while engineering
provided first quantitative formulae. In the second half of the 20" century, it
spreads its complex potential towards different directions: again
manufacturing (studies related to properties of yarn and woven fabrics:
Hoffman, 1948; Beste & Hoffman, 1950), but especially
psychology/anthropology (first), and ecology (later).

Donald A. Bloch (and colleagues) starts to analyze the effects of a disaster
experience (December 5" 1953 tornado of Vicksburg, Mississippi) on
children in the community: “A motion picture theatre, filled with children
attending a Saturday afternoon movie, was particularly affected. For this
reason, the Committee on Disaster Studies of the National Research Council
felt that an unusual opportunity existed to study selectively the effects of the
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disaster experience on children in the community” (Bloch et al., 1956). Then,
the research develops towards competence/resilience in psychopathology
(Garmezy, 1971 and 1973; Garmezy et al., 1984) and life experiences
affecting resistance to psychiatric disorder (Rutter, 1985). Finally,
continuity/change in competence/resilience over the transition to adulthood
is interested, where: “/...] resilience refers to the process of, capacity for, or
outcome of successful adaptation despite challenging or threatening
circumstances” (Masten et al., 1990 and 2004; also: Alexander, 2013; Olsson
et al., 2015; and references therein).

To summarize, resilience in psychology is “a dynamic process of positive
adaptation within the context of significant adversity, trauma, tragedy,
threats, or significant sources of stress. [...] More recently, resilience [...]
shifted the focus from individual resilience to include the role of social capital
in communities in which individuals are embedded. Research on community
resilience includes insights on health and human development, and can
potentially be seen as an example of co-development with resilience theory in
the context of socio-ecological systems (SESs)” (Olsson et al., 2015;
references therein).

In fact, the concept will expand in the following years until the definition
of social resilience as the ability of: “communities to withstand external
shocks to their social infrastructure”; “a system to absorb perturbations”;
“groups or communities to cope with external stresses and disturbances as a
result of social, political and environmental change” (Adger, 2000).

The term resilience appears in an anthropology work regarding West
African cultures, speaking about their greater mental resilience to shocks
through conservation and adaptation (Herskovits, 1952). Other studies are
between anthropology/psychology (Kagan, 1975) and anthropology/ecology
(Lasker, 1969).

A couple of decades after the publication of Outline of General System
Theory (von Bertalanffy, 1950), Crawford Stanley “Buzz” Holling>* (Figure
8) worked on ideas originally proposed by Darwin®! (1988 & 1859), reiterated
by MacArthur (1955), modeled by May (1973) that species richness produces
ecological stability (Peterson et al., 1998, and references therein). Holling,
analyzing forest budworms, is the first scientist who adopts and defines
precisely resilience in the field of ecology, making a clear distinction from
the concept of stability (Holling, 1973; also Pimm, 1984; Gunderson et al.,
1997 and 2009; Alexander, 2013; and references therein).

“It is useful to distinguish two kinds of behaviour. One can be termed
stability, which represents the ability of a system to return to an equilibrium
state after a temporary disturbance; the more rapidly it returns and the less
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it fluctuates, the more stable it would be. But there is another property, termed
resilience, that is a measure of the persistence of systems and their ability to
absorb change and disturbance and still maintain the same relationships
between populations or state variables”. Further, speaking about random
events (affecting ecological systems considered non-deterministic), Holling
says: “they suggest that instability, in the sense of large fluctuations, may
introduce a resilience and a capacity of resist”’; and finally in the synthesis,
with definitions: “I propose that the behaviour of ecological systems could
well be defined by two distinct properties: resilience and stability. Resilience
determines the persistence of relationships within a system and is a measure
of the ability of these systems to absorb changes of state variables, driving
variables, and parameters, and persist. In this definition, resilience is the
property of the system and persistence or probability of extinction is the
result. Stability, on the other hand, is the ability of a system to return to an
equilibrium state after a temporary disturbance” (quotations: Holling, 1973).

These definitions are certainly robust landmarks summarizing the research
in rising ecology that followed the activity of Odum?, 1971 (see also Thorén,
2014; and references therein).

Dynamic equilibrium and homeostatic reaction proper of ecosystems,
captured by Holling’s resilience, migrate quickly into other disciplines and
attract researchers interested in sustainability/sustainable development and
socioeconomic systems (Perrings, 1998; Levin et al., 1998; Batabyal, 1998).

The concept is used as a diagnostic indicator (Thorén, 2014; and references
therein), informing analysis of change in economy-environment systems. In
fact, some years later, “the key point is that resilience is a measure of stability
in the face of shocks [...] in joint economy-environment systems” and “offers
a helpful way of thinking about the evolution of social systems partly because
it provides a means of analyzing, measuring and implementing the
sustainability of such systems” (quotation: Perrings, 1998).

Starting from a sentence contained in a declaration of the World Climate
Conference (“natural environments [...] especially vulnerable or especially
resilient to climatic variability and change”, WMO, 1980), Timmermann
(1981; and references therein) speaks about resilience, analyzing the
vulnerable society and reviewing some basic models/paradigms of social
systems under stress. Same approaches are already used after Holling (1973)
by other authors (Burton et al., 1978) and agencies (CSRG, 1979). Resilience
is conceived “as a concept describing the ability of a society to bounce back
from severe stress” and as “the measure of a system’s, or part of a system’s
capacity to absorb and recover from the occurrence of a hazardous event”
(quotation: Timmermann, 1981).
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Figure 8 - Adoption and definition of resilience in the field of ecology.

The widespread impact of the Holling’s work is quite impressive; anyway,
in ecology and social sciences,“although there is always a strong link to
Holling’s resilience, variation in the way different authors use the concept is
considerable” (Thorén, 2014), as shown by Table 1 (adapted from Brand &
Jax, 2007).

In fact, some years later, Holling feels the need to clarify (Holling, 1996; and

references therein). He distinguishes (quotations from Holling, 1996):

(i) engineering resilience, focusing on “maintaining efficiency of function”,
concentrating on “stability near an equilibrium steady state, where
resistance to disturbance and speed of return to the equilibrium are used to
measure the property”;

(i1) ecological resilience, focusing on “maintaining existence of function”,
where its measurement, in conditions far from any equilibrium steady state,
“is the magnitude of disturbance that can be absorbed before the system
changes its structure by changing the variables and processes that control
behavior.” Therefore, ‘“ecological resilience decreases even though
engineering resilience might be great”, and “there are different stability
domains in nature, [...] thus, a near-equilibrium focus seems myopic”.

Table 1 - Definitions of resilience in ecological and social sciences (adapted from Brand & Jax,

2007).
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Categories and classes Definitions References

(I) DESCRIPTIVE CONCEPT
(Ia) ECOLOGICAL SCIENCE

measure of the persistence of systems and of their ability to absorb
1) original-ecological change and disturbance and still maintain the same relationships Holling, 1973
between populations or state variables

magnitude of disturbance that can be absorbed before the system
2) extended-ecological changes its structure by changing the variables and processes that
control behavior
and
capacity of a system to experience shocks while retaining essentially
the same function, structure, feedbacks, and therefore identity
2a) three characteristics:
i) to absorb disturbances;
ii) for self-organization;
iii) for learning and adaptation;
2b) four aspects
1) latitude (width of the domain);
2) resistance (height of the domain); Folke et al., 2004
3) precariousness;
4) cross-scale relations;

Gunderson & Holling,
2002

Walker et al., 2006

Walker et al., 2002

quantitative property that changes throughout ecosystem dynamics

3) systemic-heuristic and occurs on each level of an ecosystem’s hierarchy

Holling, 2001

4) operational resilience of what to what? Carpenter et al., 2001
and
ability of the system to maintain its identity in the face of internal

change and external shocks and disturbances Cumming et al., 2005

(Ib) SOCIAL SCIENCES

ability of groups or communities to cope with external stresses and

5) sociological . - .. .
) 8 disturbances as a result of social, political, and environmental change

Adger, 2000

transition probability between states as a function of the consumption
and production activities of decision makers
and
ability of the system to withstand either market or environmental
shocks without losing the capacity to allocate resources efficiently

6) ecological-economic Brock et al., 2002

Perrings, 2006

(II) HYBRID CONCEPT

underlying capacity of an ecosystem to maintain desired ecosystem

. . . . Folke et al., 2002
services in the face of a fluctuating environment and human use

7) ecosystem-services-related

8) social-ecological system
capacity of a social-ecological systems to absorb recurrent

8a) social-ecological . . .
) 8 disturbances so as to retain essential structures, processes, feedbacks

Adger et al., 2005

8b) resilience-approach perspective or approach to analyze social-ecological systems Folke, 2006
(IIT) NORMATIVE CONCEPT

9) metaphoric flexibility over the long term Pickett et al., 2004

10) sustainability-related maintenance of natural capital in the long run Ott & Déring, 2004

Some years later, the concept of resilience enters sustainable hazard
mitigation, thanks (among others) to the contribution of Graham A. Tobin
(1999), with the aim to provide innovative policies to construct resilient
communities. Assuming “the state of Florida, USA, [...] as a microcosm of
[...] global concerns”, Tobin conjugates ecological/socio-political
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approaches to build up a framework (flowchart in Figure 9), as a dynamic
system, adapting three separate models: mitigation (from Waugh, 1996);
recovery (from Peacock & Ragsdale, 1997); structural-cognitive (from Tobin
& Montz, 1997). His “ultimate goal is to achieve community sustainability
and resilience in the face of prevailing natural and technological hazards”
and “facilitate recovery processes”. Moreover, “sustainable and resilient
communities are defined as societies which are structurally organized to
minimize the effects of disasters, and, at the same time, have the ability to
recover quickly by restoring the socio-economic vitality of the community”
(quotation: Tobin, 1999).

Always in 1999, Holling and a small group of scientists/practitioners found
the Resilience Alliance (RA%?), an international multidisciplinary network
that explores the dynamics of social-ecological systems. RA members
“collaborate across disciplines to advance the understanding and practical
application of resilience, adaptive capacity, and transformation of societies
and ecosystems in order to cope with change and support human well-being”
(quotation: RA?). The concept, extended to social-ecological systems, is
described as ‘panarchy’ (Gunderson & Holling, 2002).

Starting from the work of McEntire et al. (2002; and reference therein),
tracing the evolution of disaster paradigms and their drawbacks, Manyena
(2006) affirms that resilience helps “to obtain a complete understanding of
risk and vulnerability”, both of them “have not been conceptualized in a
comprehensive manner” and “fragmentation has been common”. After giving
a summary of resilience definitions, swinging between outcome and process,
he concludes: “the goal of any ‘disaster resilience’ programme will be to
enhance the fundamental values, assets, and resources that can be applied to
the process of adapting to adverse circumstances”. Furthermore, he discusses
about the relationship among resilience and vulnerability, concluding in this
way: “resilience and vulnerability, although often viewed as opposites, are
two distinctly separate constructs”. Finally, “disaster resilience could be
viewed as the intrinsic capacity of a system, community or Ssociety
predisposed to a shock or stress to adapt and survive by changing its non-
essential attributes and rebuilding itself. This definition has consequences for
disaster risk reduction and development practice” (quotation: Manyena,
2006).
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Figure 9 - Sustainable and resilient communities in hazardous environments: a framework for analysis
(Tobin, 1999, adapted from: Waugh, 1996; Peacock & Ragsdale, 1997; Tobin & Montz, 1997).

Now important International agencies and institutions are ready to
incorporate resilience in their declarations, documents and programmes. The
International Federation of Red Cross and Red Crescent Societies (IFRC), the
world’s largest humanitarian organization founded in 1919, focuses on
community resilience its World Disaster Report in 2004 (IFRC, 2004). The
United Nations deliver the Hyogo Framework (UN-ISDR, United Nations-
International Strategy for Disaster Reduction, 2005) one year later. In 2009,
UNISDR (United Nations Office for Disaster Risk Reduction) publishes its
terminology (UNISDR, 2009), including the definition of resilience (“The
ability of a system, community or society exposed to hazards to resist, absorb,
accommodate, adapt to, transform and recover from the effects of a hazard
in a timely and efficient manner, including through the preservation and
restoration of its essential basic structures and functions through risk
management”). The same year, the UNISDR “Making Cities Resilient”
campaign begins, addressing issues of local governance and urban risk.
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It is clear that multiple cross-disciplinary transfers, among various
disciplines, contribute to the polysemous concept of resilience. It is seen “as
an outcome, a state, a property or a process”. It refers to terms related one
each other, but never completely overlapping; “everyone [pulls] resilience
towards its own meaning to adapt it to its own” purpose. Furthermore,
“authors recall earlier concepts and rely on them, drawing some sort of circle
where every term is linked to the other but without enough information to
know just how they relate to one another” (see Figure 10, Table 2; quotation:
Reghezza-Zitt et al., 2012; and references therein).

In a system at risk, resilience: if a process, it should be seen in a diachronic
perspective; if a property, it is a-chronic; if a quality, it can be innate or
acquired (again from Reghezza-Zitt et al., 2012).

An intense debate whirls around “change and resistance to change”
(Olsson et al., 2015). It generates two main polarized couples:

(1) resilience vs resistance (engineering: resilience occurs by recovering
towards a previous or an improved stable state; Bruneau et al., 2003; from
Cimellaro et al., 2016);

(i1) resilience vs stability (ecology: resilience is achieved by moving towards
a different system state; Handmer & Dovers, 1996; from Cimellaro et al.,
2016).

Economy

5° Recovery
+ Sustainability Persistance

o Mitigation Absorption

Adaptation;
. Vulnerability ; .
Z Reconstruction, .- =
: Resistance
Learning

Figure 10 - The multidisciplinary aspect of resilience (Reghezza-Zitt et al., 2012).

In addition, another “major point of [ ...] discussion in resilience circles is
whether resilience is a normative concept or not” (Olsson et al., 2015): i.e. a
good, neutral or bad attribute (Olsson et al., 2015), with a varying range of
application - global/local resilience - (Thorén, 2014).
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Table 2 - Synthesis of definitions/approaches of resilience (adapted from

theoretical

operational

theoretical

operational

Theoretical - heuristic
/Practical

Holling, 1973;
Provitolo, 2012;

Folke et al., 2002;
Godschalk, 2003;
UN-ISDR, 2005;

Resistance/Adaptation

Mileti, 1999;
Alwang et al., 2001;

Gordon, 1978;
Comfort, 1999;
Dovers & Handmer, 1992;
Fiksel, 2003

definitions/approaches

Stability (equilibrium)
/Persistence

Pimm, 1984;
Handmer & Dovers, 1996;
Shefty, 2007;
O’Rourke, 2007;

Holling, 1973, 1996;
Berkes et al., 2002;
Walker & Salt, 2006;

Social/Material

Mc Manus et al., 2008;
Handmer & Dovers, 1996;
Vale & Campanella, 2005;

Cimellaro et al., 2010a;
Shefty, 2007;
O’Rourke, 2007;
Bruneau et al., 2003

Property
/Process

Klein et al., 2003;
Pelling, 2003;

Manyena, 2006;
Mc Entire et al., 2002;

System/Analytical

Berkes et al., 2002;
Carpenter et al., 2001;
Gallopin, 2006;

Cardona, 2003;
Dauphiné, 2004;
Mc Manus et al., 2008

: Reghezza-Zitt et al., 2012).

Antonym vulnerability

/Continuity or complementarity

Folke et al., 2002;

Handmer & Dovers, 1996;

UN-ISDR, 2005;

Provitolo, 2012;
Gallopin, 2006;

Positive/Neutral

Godschalk, 2003;
Folke et al., 2002;

Perrow, 1986;
Klein et al., 2003;
Comfort et al., 2010

Table 3 - Typology of resilience definitions in ecology and social-ecological systems (Olsson et al.,

2015).
Meanines Attributes
"8 Descriptive-neutral (N) | References | Prescriptive-good (G) | References
Bounce Back — BBA-N . Holling, B_B-G Perrings,
(BB) resilience and stability of ecological 1973 resilience 1998
systems and sustainable development
Bounce Back BB-T-N BB-T-G
L — a handful of heuristic and some Walker et al., i thinking: infegrati ‘1‘ Folke et al.,
BB-T propositions for understanding resilience| 2006 restiience tunking: itegrating restience,| g1
(BB-T) T adaptability and transformability

Table 3 (adapted from Olsson et al., 2015) gives an interesting summary
of these resilience definitions in ecology and social-ecological systems
(SESs). Thorén & Olsson (2017; and references therein) conclude that
resilience (“definition: the ability of a system S to absorb some disturbance D
whilst maintaining property I”’):
- “should be considered [...] a descriptive concept”;
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- “the assumption that resilience is a kind of natural property of systems gives
the concept a sheen of scientific objectivity that is in certain contexts
unwarranted or even outright dangerous”.

Evidently, in this increasing ambiguity, “with regard to research on
disasters and crises, the overlap between” different disciplines, driving to
diverse definitions of resilience (from Zhou et al., 2010; Cimellaro et al.,
2016) “has not always produced harmonious views of the same phenomena”
(from Alexander, 2013). Furthermore, “new approaches to resilience” look
“for new equilibrium conditions in the future than in the past [...]
implementing uncertainty and adaptation” towards the definition of a
““ductile’ resilience [ ...]. Accordingly to Chandler’s interpretation, it could
be possible to define the ‘bounce-back’ or ‘elastic’ approach as homeostatic,
while the evolutionary or ‘ductile’ resilience can be recognized in the
autopoietic one” (from Cere et al., 2017; Chandler & Coaffee, 2017; and
reference therein).

But meanwhile, the supporters of quantitative resilience based on
functionality are digging deeply, analyzing and grouping technical,
organizational, social, and economic patterns (TOSE; Table 4 from: Bruneau
et al., 2003; Tierney & Bruneau, 2007) of communities prone to
hazards/disasters (Figure 11: NRC, 2006). The study starts from the measure
of the seismic resilience, characterized by 4R: Robustness, Redundancy,
Resourcefulness, Rapidity; when an event happens, the quality of the
infrastructure immediately decreases (vertical line); then, it gradually restores
until normality (Figure 12; Bruneau et al., 2003).

HAZARDS I DISASTER

RESEARCH RESEARCH

HAZARD
VULNERABILITY

EMERGENCY
RESPONSE

HAZARD
ANTICIPATION
AND
DISASTER
PREPAREDNESS

HAZARD
MITIGATION

DISASTER
RECOVERY

Figure 11 - Hazards and disaster research (from NRC, 2006).
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CARRP* (Community and Regional Resilience Initiative) Reports (i.e.
Cutter et al., 2008; Moser, 2008; Colten et al., 2008; Morrow, 2008;
Gunderson, 2009; Tierney, 2009; Wilbanks, 2009; Rose, 2009; Colten &
Sauer, 2010; Norris, 2010), provides a robust amount of reference materials.
Resilience focuses on “a community or region’s capability to prepare for,
respond to, and recover from significant multi-hazard threats with minimum
damage to public safety and health, the economy, and national security.” For
CARRP*, the dimensions of a resilient community are: it anticipates
problems, opportunities, and potentials for surprises; it reduces
vulnerabilities related to development paths, socioeconomic conditions, and
possible threats; it responds effectively, fairly, and legitimately; it recovers

rapidly, safely, and fairly (quotations: CARRI*#).

Quality
of 100
Infrastructure
(percent) I—/ﬁ I -
sof R= f [100—Q(t)]dt
ly
0 t t >

fo: time instant when the hazardous event happens;
Q(t): quality of infrastructure in function of time.

ty t, time

R: community earthquake loss of resilience
(100% pre-event; reduced, as an example,
to 50% immediately after the event).

Figure 12 - Measure of seismic resilience; conceptual definition (adapted from Bruneau et al., 2003).

Table 4: TOSE dimensions of resilience (adapted from Bruneau et al., 2003).

TOSE

| Dimensions of resilience (in case of an earthquake event) |

Technical

The technical dimension of resilience refers to the ability of physical systems (including components,
their interconnections and interactions, and entire systems) to perform to acceptable/desired levels
when subject to earthquake forces.

Organizational

The organizational dimension of resilience refers to the capacity of organizations that manage
critical facilities and have the responsibility for carrying out critical disaster-related functions to
make decisions and take actions that contribute to achieving the properties of resilience outlined
above, that is, that help to achieve greater robustness, redundancy, resourcefulness, and rapidity.

Social

The social dimension of resilience consists of measures specifically designed to lessen the extent to
which earthquake-stricken communities and governmental jurisdictions suffer negative consequences
due to the loss of critical services as a result of earthquakes.

Economic

The economic dimension of resilience refers to the capacity to reduce both direct and indirect
economic losses resulting from earthquakes.

Figure 13 (adapted from Cere et al., 2017) gives a summary of the various
methodologies used for the quantitative resilience assessment. It classifies

212



approaches, with/without a targeted attention on specific domains, as (see
Cere et al., 2017):
(i) single-hazard;

(1a) indirect performance-based (resilience evaluation through subjective
consultations to experts, useful for a quick evaluation, but with non-
negligible margins of error);

(ib) direct expert-based (more precise, relying, for example, on fragility
curves for resilience assessment at the building scale, but still with a
fragmented perspective);

(i1) multi-hazard.

Hazus-MH?> (a GIS-based software model which produces loss estimates
for earthquakes, floods, hurricanes, and tsunamis, developed by the Federal
Emergency Management Agency, FEMA) is situated apart in Figure 13,
because “resilience is taken into account in a non-explicit way” and other
“geo-environmental hazards™ are considered “as an indirect aftereffect of the
primary seismic event” (from: Cere et al., 2017).

: Henry and Ramirez-Marquez, 2012
multi-hazard quez,
—> K ———————————————>7obel and Khansa 2013
wide spectrum Gama Dessavre et al_, 2016.

Kircher, et al, 2006
QUANTITATIVE
APPROACHES Cimellaro et al., 2008 Mavrouli et al., 2014
Barberis et al., 2015

performance-based Cimellaro et al., 2009
—> e

indirect approaches Cimellaro etal., 2010b Biondini et al., 2015
Cimellaro and Piqué, 2016 Haugen and Kaynia, 2008

single-hazard
small scale approaches

—>

Uzielli etal., 2015
expert-based __, Kaynia et al., 2008
direct approaches Karamouz and Zahmatkesh, 2017
Field et al., 2016

e

Figure 13 - Classification of resilience quantitative approaches (adapted from Cere et al., 2017).
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After some initial frameworks proposed by several authors (Bruneau et al.,
2003; Chang & Shinozuka, 2004; Rose & Liao, 2005; Miles & Chang, 2006;
Cagnan et al., 2006; see also Cimellaro et al., 2016; and references therein),
“the resilience concept as input to decision support methodologies has been
applied to hospitals, lifeline structures, and cities”; “several methods for the
quantification of infrastructures’ resilience have been proposed that can be
grouped in probabilistic methods, graph theory methods, fuzzy logic methods,
and analytic methods” (from: Cimellaro et al., 2016; and references therein).

Among a current wide literature, but still missing a comprehensive model
quantifying resilience of communities/infrastructures, an advanced example
of an interwoven framework “to evaluate resilience [...] taking into account
the influence of the human behaviour, societal, organizational, and economic
issues” is given by PEOPLES, built up at MCEER (Multidisciplinary Center
for Earthquake Engineering Research, University of Buffalo). PEOPLES
establishes a resilience index, proposes resilience performance levels (RPLs)
based on a finite number of parameters (Renschler et al., 2010; Cimellaro et
al., 2016; Table 5), and develops “a community hybrid model combining
network models to simulate the physical infrastructures [ ...] with agent-based
models to simulate the sociotechnical networks [...]. Furthermore, special
attention is given to human behaviour and emotions”. In PEOPLES, the
extreme earthquake scenarios are defined through probabilistic seismic
hazard assessment (PSHA) and ground motion selection; only some
performance indicators might be valid on a multi-hazard approach.

Table 5 - PEOPLES framework for resilience-based design (RBD)
(adapted from Renschler et al., 2010; Cimellaro et al., 2016).

Acronym PEOPLES Framework groups

P Population and demographics

Environment and ecosystem

Organized government services

Lifestyle and community competence

Economic development

|
|
|
] Physical infrastructure
|
|
|

| (@ ||| [Of |m

Social-cultural capital

A heuristic effort, trying to obtain a certain consensus between different
approaches in order to provide vulnerability assessment in the context of
natural hazards and climate change, is given by MOVE (Methods for the
Improvement of Vulnerability Assessment in Europe). It is a project
sponsored by the European Commission within the framework of the FP7
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programme. MOVE (Figure 14) considers four key factors: (a) exposure to a
hazard or stressor; (b) susceptibility (or fragility); (c) societal response
capacities or lack of resilience; (d) adaptive capacities. The framework does
not provide a specific assessment method (qualitative or quantitative) or a
pre-defined list of indicators; rather, it outlines key factors and different
dimensions of vulnerability that can serve as a basis for a systematic
operationalization of vulnerability (Birkmann et al., 2013). The framework
has been already applied in several contexts (examples: Romieu et al., 2010;
Papathoma-Kohle et al., 2012; Depietri et al., 2013; Papathoma-Kohle et al.,
2015).
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Figure 14 - The MOVE framework (from Birkmann et al., 2013 and references therein).

Other researches are analyzing resilience in supply chains SCs (a SC is “a
system of organizations, people, activities, information, and resources
involved in moving a product or service from supplier to customer”, see:
Wikipedia®®) and supply chain networks (SCNs), by using structured or
unstructured Big Data. Big Data can be defined “as a holistic approach to
manage, process and analyse the “5 Vs (i.e. volume, variety, velocity,
veracity, and value) in order to create actionable insights for sustained value
delivery, measuring performance and establishing competitive advantages”
(Wamba et al., 2015). An example of “a theoretical framework to explain
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resilience in supply chain networks for sustainability using unstructured Big
Data” is proposed by Papadopoulos et al. (2017; and references therein),
applied to the context of Nepal after the April 25", 2015 earthquake.

Far from exhausting the discussion with our contribution, and aware of the
need to go beyond the use of the term resilience as a fashionable buzzword or
just an attempt of a full-scale paradigm (Alexander, 2013; and references
therein), we want to conclude this excursus introducing, in the next section,
some crucial questions requiring focused insights.

2. Some open questions

2.1. System ontology and system boundaries in the definition of resilience

A structured resilience ontology is still lacking in the scientific literature.
Without a solid theoretical background, the use of resilience as an integrated
framework can create tensions if system ontology and system boundaries are
not well defined. Starting from some widely accepted definitions of ontology
(philosophy: the most general branch of metaphysics concerned with the state
of being, its essence and existence; computer science: attempt of formulate
an exhaustive/rigorous conceptual schema into a given domain, with artifacts
providing data representation structure in terms of concepts/relations
expressed through the use of logic), ontology might be considered a method
of formally representing high-level knowledge as a set of concepts within a
domain. More specifically, key components of a formal ontology are: classes
(taxonomies), relationships, axioms, and instances (Guarino, 1998, Levine,
2014).

For scientists involved into natural disciplines, “the system is self-
organising [...] and non-linear in outcomes”, where “the effects of a simple
interaction in one part of the system can produce large and complex effects
in other parts of it”. “It is the adaptive capacity of such systems [...] that
characterizes thelir] relative resilience” (Welsh, 2014).

On the other hand, researchers belonging to social sciences “are reluctant
to use systems as an ontological description of society”, but “they may use
‘system’ analytically to study a specific aspect” (Olsson et al., 2015).
Although “some early social system theories emanated from physics and
biology” (Olsson et al., 2015; references therein: Pareto, 1935; Parsons,
1970), “this early view of social systems inspired by natural sciences [...] is
now highly controversial” (Olsson et al., 2015; references therein: Baecker,
2001).
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In sociology, Luhmann (1982), making use of the functionalist method,
says that “a social system consists of nothing but communication [...]
characterized by autopoiesis, meaning that the system creates its own basic
elements that make up the system”, where “its boundaries are determined by
the system itself’. Furthermore, environment and society are in Luhmann
reciprocally unconnected and functionally autonomous (Olsson et al., 2015).
After Luhmann, this assumption becomes less rigid, but the effort to build up
a common framework is still problematic “to justify the translation of theory
and models between them” (Welsh, 2014).

At this point of the discussion, the importance to define the system’s
boundaries is clear, but “the boundaries of the social system may be
considerable harder to describe than those of the ecological systems”
(Alexander, 2013). Because the description of a system “is from the
perspective of an observer” (Collier and Cumming, 2011), theories, systems
and boundaries pertinent to the definition of resilience are broadly subjective;
researchers and institutions “would treat the aspects of society and nature and
their dynamics [ ...] differently” (Olsson et al., 2015).

Other crucial concepts of the resilience theory in social-ecological sciences
are: multiple equilibria, thresholds, feedback mechanisms, and self-
organization (Olsson et al., 2015). The different approaches of homeostasis
(elastic) and autopoiesis (ductile), i.e. engineering and ecological resilience
(as already discussed before), put in the center the quality of the system
transformations: are they oscillations around a ‘bouncing-back’ position
(temporary altered) or an ‘irreversible shift’ towards a new equilibrium
(without any turn back after exceeding a critical threshold)? Indeed, “after a
transition, the society, or a subsystem, operates according to new
assumptions and rules, thus indicating a range of new practices and not just
an altered function” (Jerneck & Olsson, 2008).

The binary definition of feedback given in cybernetics (negative:
stabilization of the system; positive: exponential change) is too simplistic if
applied to social phenomena, due to its less predictability and great
complexity. In fact, feedback mechanisms in social-ecological systems “are
primarily determined by [...] structured agency [individual and collective],
rather than by structural forces” (Olsson et al., 2015; reference therein:
Davidson, 2010). Finally, also the principle of self-organization is quite
debated; being unproblematic in ecology (seen as the overriding organizing
principle in the resilience theory), “in the social sciences [...] it is mainly
understood as a reaction to power asymmetries and structural inequality such
as the formation of social movements” (Olsson et al., 2015; and reference
therein).
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2.2. Criticism to functionalism theories

A theoretical framework for modeling societal phenomena, based on the
functionalism general theory, has been elaborated by Talcott Parsons®’ (1951;
1966; 1970; 1971). It provides a model (acronym: AGIL) with a tetradic
structure ordered hierarchically (Table 6; Zwick, 2014; Olsson et al., 2015).
To the Parsons’ AGIL hierarchy, Gunderson & Holling (2002) prefer the
neologism ‘panarchy’ (from the Greek god Pan, god of chaos and play) to
describe the adaptive cycle model (Figure 15).

Table 6 - AGIL scheme (Parsons, 1951; 1966, 1970, 1971); definitions taken from Olsson et al.
(2015).
Adaptation

A a system must adapt to the physical and social environment
as well as adapt the environment to its needs
Goal Attainment
G a system must define and achieve
its primary goals

Integration
1 a system must coordinate and regulate interrelationships of its components
and strive toward a cohesive whole

Latency
L a system must furnish, maintain, and renew itself and its individuals
to perform their roles according to social and cultural expectations

Anyway, the resilience approaches originating from functionalism have
been later criticized, being inadequate “for overemphasizing consensus,
conformity, stability, and reification”. They drives to “a conservative
approach to social change”, where “the existence of malfunctioning
institutions is difficult to explain”. If resilience is conceived as “the equivalent
of stability and harmony”, it does not take into account that “consensus
theories have declined dramatically since the 1960s [...], giving more space
to conflict theory and issues of diversity, inequality, and power” (Olsson et
al., 2015; and references therein). Therefore, a static concept of resilience can
justify and endorse (consciously or not) “particular policies, projects, and
practices [...] increasily adopted by influential global organizations such as
the United Nations Development Program and funding institutions such as
the Rockfeller Foundation as a basis for policy-making and deployment of
funds” (Olsson et al., 2015; and references therein). A similar attitude seems
to be also adopted by the European Commission in the framework of recent
research programmes.
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Potential ——»

Connectedness —»

Figure 15 - Panarchy adaptive cycle, with a stylized representation of the four ecosystem functions
r, K, Q, a and the flow events among them (from Gunderson and Holling, 2002).

2.3. Underestimation of key factors in disaster risk reduction

As a consequence of the above said point, official provisions of
International Agencies (UN-ISDR, 2005; UNISDR, 2012; UNDRR, 2015)
should be updated, putting in place “new arrangements [with] a period of
consultation during which suggestions and observations [are helpful to]
identify five ‘priorities for action’”, as specified below by Alexander & Davis
(2012; and references therein):

- the human right to hazard information;

- explosive population growth;

- corruption;

- how people are placed at risk by the actions of governments;

- discrimination against women.

This effort is fundamental to fill the existing gap, highlighted by researchers
belonging to social sciences/humanities, in the definition of resilience, and
“to challenge publicly any social, economic, political, religious or cultural
obstacles to risk reduction” (Alexander & Davis, 2012).

3. Final remarks

After my personal flight over the historical evolution of the resilience
concept (summary in Figure 16), stimulated by the reading of the Alexander’s
work (2013), I tried to point out some open questions about the different
approaches to resilience across various disciplines, analyzing a huge amount
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(but non exhaustive, of course) of scientific literature. Four leading threads
can be pulled out from the mess:

(1) first, originating from the early Rankine’s and later Bruneau formulations,
several methods for the quantification of the ‘engineering resilience’, with
special focus on structural and infrastructural domains, have been
implemented, until to very articulated networks; this ‘bounce-back’ or
‘elastic’ approach (oscillations around a steady state) can be considered as
‘homeostatic’;

(i1) second, the ‘ecological resilience’, commonly used in this field after
Holling and colleagues of Resilience Alliance (RA), regards a possible
‘irreversible shift’ towards a new equilibrium, i.e. with a ‘ductile’ or
‘autopoietic’ essence;

(111) third, resilience does not currently engage the core of social sciences,
where functionalism (and subsequent neofunctionalism) models are judged
inadequate, with conflict theories gaining more audience; thus, increasing
popularity but still scarce unification depict the situation, where resilience
still necessitates a robust effort of further multi-, inter-, trans-disciplinary
research, going beyond the current fragmentation;

(1v) four, impressive tools supplied by Geomatics/Big Data management and
extraordinary potentialities available from complex mathematical models
give us now the opportunity to create ‘a network of networks’.

Anyway, the fast run of technology cannot be separated by a slower and
shared ‘Peripatetiké Scholé’ (Ilepumatntikn LyoAn), exploring philosophical
and scientific theories with a pluralistic but holistic view.

At this point of the discussion, a proposal of a rigid frame regarding the
resilience concept is far from my purpose. Hence, I only suggest some nuclei
of future research (Table 7) that might be exploited in future studies.
Furthermore, the presence of the concept of resilience, coming from other
cultures and countries worldwide, should be more extensively investigated;
to this goal, additional contributions are strongly encouraged.

220



Latin

Thomas Campbell

=Tereieraria [l LEXICON

https:/ bicgrafizonlinait
z = z /foto-frandis-bacon
106 BC until T ) Cicero, Lucretius, Vitruvins,
500 AD Seneca Mator and Minor, Plinius Mator,
(see Notes 1-13) o S 5 Gl
Rt e | [Cviciicy ;;m‘s Ln‘zj, F;i_‘rom;.;; Ql;';nn!mm.'s, @ -EN TN 1600-1700
Ieow, religion literature history A e g (see Notes 20-31) htps:/biogsafizonlinei
physical Ifoto-ranadescartas
300400 AD St Jerome, St. Ambrose, St Augustine properties, natural
Christian Saints Isidorus Hispaliensis, Beda Venerabilis, .
Gctiabells and Low Middle Ages Theoduifus Aurslianensis, Paul the Diacon “SZ;”‘"’?;T;"’"
(see Notes 14-24) e \ cimos g https: bicarafzcnlinad
Aslreds B Hugo Fal ; oe-ane
liturgy, theology, i Ifoto-galilec-galilei
1100-1200 : Boncompagnus de Signa,
Bonaventura Bagnoregis —l
oo 0 .
1300-1500 High Middle Ages Geofrey of Monmouth, Pietro Alighieri, Scientific reports Encyclopedias
il i Guido da Pisa (see Notes 32-34) (see Notes 35-39) 1600-1700
<ps Notes 25.27 natural sciences, resilincs, resiliency,
],(;mn- "jfg}-ﬂn}:g PERCUSSA surveys ) \recoil, résiliationvésilier
S RESILIUNT®
Thomas || Edward || Bphraim
2 : RalphBohun
15001600 Stanza degli Elementi, [ Ratphotun ] Blount || Phillips ||Chambers
Palazzo Bitti, Firenze Jenmes Keill
1600

THESAURUS

1700 17% Century osorncus

(see Note 28)

history ‘https:/bicsrafisonine &
Ifoto-lsopardi

— | 2 | i

ENCYCLOPEDIE

1700-1800

1700-1800

I

In infantile life, also, protection is afforded

‘The force that it would bear without permanent alteration 15,300 M.
The extension in parts of the length extended . . . > on the same principle. The bones of the
The modu gty for n base 1 fnch square . . 18,400,000 tba. calvaria_are notoriously capable of su:

B a8 B R 127 h tions, and afterwards, by theirfre:

cvcy | of reguining their normal _form!

First quantitative definitions
of resilience (1) N
(see Notes 40-41) Medice

fimber/iron properties, railroad Thomas Tredgold m;:wmm Robert B. Todd

construction, carpentry
relation beween force, ductility and Tillicon J. M. Rankine pathology David J. Hamilton
E—— general medicine Thomas C. Allbutt

aches the quality of a mmsical note, To
add that expiration does not follow iuspira-
—possibly because the solidified Ing
nergy to that of the rest of the lngs,

1700-1800

66, THF Westemee, Jr wpries of the bar, or the work performed] |, —

in strechilip 4o e LJe of peoof ateain;is computed ok dolgeny| | 7T RN
—a being the length, as before, the elongation of the bar under the

proof load is

proaches though it nove
these chameteristis we
tion 50 immediately
does not contribute

Sz,
i 1 or it may bo because turhance of the nervons mechanism
of respiration. In short, the laryngeal vibrations in breathing are trans-
‘pictura from hitps://ww.scottish-
places.infopeopls SmousirstS30 himi Recaes Tro avaciits
%0-1900 y
First quanti (see Notes 49-50)
of resilience (2)
(see Notes 42-45) individual Robert Bell

collective

Robert Tomes

theory and design of structures Ewart S. Andlrews
CharlesF. T. Young

industrial processes Tilliam J. Gordon s i

Q J '

1800-1900 Natural sciences
(see Note 51)

geology,
earthquakes andvolcanos

N 4

Figure 16a - Evolution of resilience; from the classic age to the end of 19th century.

221



But there is another property, te hat is a measure of the persistence
of systems and of their bsrS Change rbance and still maintain
the same relati between populations or state variables. In this sense. the

Environment and climate Disaster risk reduction

CSRG environment and hazards disaster paradigms
climate fluctuation effects risk & vulnerability
climate change alternative viewpoint

enviromnent & resilience

McEntire
World
Disasters
Report
o on compamey resience

+(

International Federation of Red Cross
and Red Crescent Societies

UN Office
for Disaster Risk Reduction

Tttps:/iwww.unisdr.org

“Making Cities Resilient” campaign
post-2015 framework

s ifre.org

Engineering resilience

(quantitative)
AR (Robusiness, Recundancy,
Resotircefuness, Rapidity)
TOSE framewor X (Technical, Tierney & Bruneau
ganizational, Social,

Y . time

#g: time instant when the hazardous event happens;
O¢t): quality of infrastructure in function of time

R=J; [100—Q(1)]dt

R: commmnity earthquake loss of resilience
(100% pre-event: reduced. as an example,
to 50% immediately after the event)

Resilience Framework
- MOVE (EU-FP7)
10 qualitative or quantitative
10 pre-defined list of indicators
Engineering resilience e
B s ) xposine toa hazerdor siressor
tinciuding HAZUS-MH) (b) susceptibility (orfragility)
,”fwn.z.m'wm spectrinm ‘( o e A
- single hacard small scals

- performance-based direct
«_ apert-based indirect

Figure 16b - Evolution of resilience; from the 20th century until today.

Table 7: nuclei for a pluralistic but holistic view of resilience.
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attributes description target
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ability to respond successfully to new changes and recovery with
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anamnests identity intact to posterity as a drop anchor for democracy  of tangible/intangible heritage
Notes

"Marcus Vitruvius Pollio (ca. 80-70 BC; after ca. 15 BC), De Architectura; Liber V,
Caput Octavum;, Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum,
Materia De Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14,2019 from:
http://www.documentacatholicaomnia.eu/03d/-075_-
025,_Vitruvius_Pollio._Marcus,_De_Architectura, LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:
https://www.azquotes.com/author/38395-Marcus_Vitruvius_Pollio;

Fig. 1: last access May 14, 2019; book cover “De Architectura” from:
https://www.gonnelli.it/it/asta-0019/vitruvius-marcus-pollio-de-architectura-libri-.asp; last
access May 14, 2019.

Titus Lucretius Carus (94 BC; 50 or 55 BC), De Rerum Natura; Liber I and 1V;
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De Antiqua
Actate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-099_-
055,_Lucretius_Carus._Titus,_De_Rerum_Natura, LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:

https://www.iep.utm.edu/lucretiu/;

Fig. 1: last access May 14, 2019; book cover from:
https://www.europeana.eu/portal/it/record/9200332/ABO__2BZ179263303.html.

3Gaius Plinius Secundus Maior (23 or 24 AD; 79 AD), Naturalis Historia; Liber IX 71; Liber
XI 39; Liber XXII 31; Penelope, Uchicago.edu. Last access May 14, 2019 from:
http://penelope.uchicago.edu/Thayer/E/Roman/Texts/Pliny_the Elder/home.html; last
access May 14, 2019.

Fig. 1: last access May 14, 2019; head picture from:
https://www.pinterest.it/pin/473018767096769934/;

Fig. 1: last access May 14, 2019; book cover from:
https://www.taccuinistorici.it/ita/news/antica/letteratura/Naturalis-historia-Plinio-il-
Vecchio.html.

“Lucius Annaeus Seneca Maior (ca. 54 BC; ca. 39 AD), Controversiae; Liber 1, Casus IlI,
Incesta Saxo Deiciatur; Collectio Documenta Catholica Omnia, Tabulinum De Rebus
Laicorum, Materia De Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14,
2019 from:

223


http://www.documentacatholicaomnia.eu/03d/-075_-025,_Vitruvius_Pollio._Marcus,_De_Architectura,_LT.pdf
http://www.documentacatholicaomnia.eu/03d/-075_-025,_Vitruvius_Pollio._Marcus,_De_Architectura,_LT.pdf
https://www.azquotes.com/author/38395-Marcus_Vitruvius_Pollio
https://www.iep.utm.edu/lucretiu/
https://www.pinterest.it/pin/473018767096769934/
https://www.taccuinistorici.it/ita/news/antica/letteratura/Naturalis-historia-Plinio-il-Vecchio.html
https://www.taccuinistorici.it/ita/news/antica/letteratura/Naturalis-historia-Plinio-il-Vecchio.html

http://www.documentacatholicaomnia.eu/03d/-
054_0039,_Seneca_maior._Lucius_Annaeus,_Controversiae, LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:
https://www.bookdepository.com/Letters-from-Stoic-Seneca/9780140442106;

Fig. 1: last access May 14, 2019; book cover from:
https://www.abebooks.it/ricerca-libro/titolo/I-annaei-senecae-philosophi-opera-
omnia/autore/seneca/sortby/1/.

% ucius Annaeus Seneca Minor (ca. 4 BC; 65 AD), De Ira; Liberlll, V;
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De Antiqua
Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-
004_0065,_Seneca_minor._Lucius_Annaeus,_De_Ira, LT.pdf.

*Lucius Annaeus Seneca Minor (ca. 4 BC; 65 AD), Epistulae Morales ad Lucilium; Liber X,
LXXXII, 6; Liber XIV;, Liber XV, Liber XIV et XV, XCV, 48; Liber XX, CXXII,
1; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De
Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-
004_0065,_Seneca_minor._Lucius_Annaeus,_Epistulae_Morales_ad_Lucilium,_ LT.pdf.
®Publius Ovidius Naso (43 BC; 17 AD), Metamorphoses; Liber 11l 677; Liber VI 374; Liber
XII 480; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De
Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-
043_0017,_Ovidius_Naso._Publius,_Metamorphoses, LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:
http://www.succedeoggi.it/2017/09/la-voce-ovidio/; last access May 14, 2019.

Fig. 1: last access May 14, 2019; book cover from:
https://genius.com/Ovid-the-metamorphoses-of-ovid-book-i-fable-1-annotated; last access
May 14, 2019.

"Marcus Tullius Cicero (106 BC; 43 BC), Pro Roscio Armerino; 79; Collectio Documenta
Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De Antiqua Aetate, Argumentum
30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-106_-
043,_Cicero._Marcus_Tullius,_Pro_Roscio_Amerino,_LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:
https://biografieonline.it/biografia-marco-tullio-cicerone;

Fig. 1: last access May 14, 2019; book cover from:
https://www.booklooker.de/Biicher/Marcus-Tullius-Cicero+Pro-Sex-Roscio-Amerino-
Heidelberger-Texte-Band-15/id/A01wxn9EO1ZZR.

8Titus Livius (59 BC; 17 AD), Ab Urbe Condita; Liber XXX, 33; Collectio Documenta
Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De Antiqua Aetate, Argumentum
30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/-
059_0017,_Livius._Titus,_Ab_Urbe_Condita, LT.pdf;

Fig. 1: last access May 14, 2019; head picture from:
https://www.controcampus.it/2014/06/tito-livio-padova-unipd-centro-ricerca/;

Fig. 1: last access May 14, 2019; book cover from:
https://www.gonnelli.it/it/asta-0015-2/livius-titus-historiarum-ab-urbe-condita-libri.asp.

224


https://www.bookdepository.com/Letters-from-Stoic-Seneca/9780140442106
http://www.documentacatholicaomnia.eu/03d/-004_0065,_Seneca_minor._Lucius_Annaeus,_De_Ira,_LT.pdf
http://www.documentacatholicaomnia.eu/03d/-004_0065,_Seneca_minor._Lucius_Annaeus,_De_Ira,_LT.pdf
http://www.documentacatholicaomnia.eu/03d/-004_0065,_Seneca_minor._Lucius_Annaeus,_Epistulae_Morales_ad_Lucilium,_LT.pdf
http://www.documentacatholicaomnia.eu/03d/-106_-043,_Cicero._Marcus_Tullius,_Pro_Roscio_Amerino,_LT.pdf
http://www.documentacatholicaomnia.eu/03d/-106_-043,_Cicero._Marcus_Tullius,_Pro_Roscio_Amerino,_LT.pdf

“Marcus Fabius Quintilianus (ca. 35-40 AD; 96 AD), Istitutio Oratoria; Liber XII, 10.LVI,
the Latin Library. Last access May 14, 2019 from:
http://www.thelatinlibrary.com/quintilian/quintilian.institutiol 2.shtml#1; last access May
14, 2019.
"Lucius Enneus Florus (74 AD; ca. 130 AD), Epitomae de Tito Livio Bellorum Omnium;
Liber I XLI; Liber II XXI; Collectio Documenta Catholica Omnia, Tabulinum De Rebus
Laicorum, Materia De Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14,
2019 from:
http://www.documentacatholicaomnia.eu/03d/0000-
0100,_Florus._Lucius_Enneus,_Epitomae_de_Tito_Livio_Bellorum_Omnium,_LT.pdf.
'Gaius Petronius Arbiter (ca. 27 AD; 66 AD), Satiricon; XLVI and LXXXIX;
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De Antiqua
Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0027-
0066,_Petronius._Caius,_Satiricon,_LT.pdf;
Fig. 1: last access May 14, 2019; head picture from:
https://www.romanoimpero.com/2010/09/petronius-arbiter.html; last access May 14, 2019.
Fig. 1: last access May 14, 2019; book cover from:
https://www.pinterest.it/pin/327214729153742218; last access May 14, 2019.
2Ammianus Marcellinus (ca. 325-330 AD; after 391 AD), Rerum Gestarum Libri XXXI,
Liber XX1V, IV, 15; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum,
Materia De Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14,2019 from:
http://www.documentacatholicaomnia.eu/03d/0325-
0378,_Ammianus_Marcellinus,_Rerum_Gestarum_Libri_ XXXI,_LT.pdf.
BFlavius Vegetius Renatus (second half 4" century; 5 century), Epitoma Rei Militaris, Liber
1I, XXIIT;, Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia
De Antiqua Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0300-
0400,_Vegetius_Renatus._Flavius,_Epitoma_Rei_Militaris, LT.pdf.
14Sofronius Eusebius Hieronimus (St. Jerome, ca. 347-420; Saint, Presbyterian, Monk,
Doctor of the Church), Epistolae Secundum Ordinem Temporum Distributae, Epistola ad
Nepotianum Presbyterum, 52.14; Collectio Documenta Catholica Omnia, Tabulinum De
Ecclesiae Patribus Doctoribusque, Materia Migne JP, Argumentum Patrologia Latina. Last
access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/02m/0347 -
0420,_Hieronymus,_Epistolae_Secundum_Ordinem_Temporum_Distributae, MLT.pdf.
As reported by Alexander (2013), “... the meaning was strongly perpetuated in the proverbs
of St. Jerome ...”, see Divina Bibliotheca 18, Liber Masloth Qui Dicitur Liber Proverbiorum;
Collectio Documenta Catholica Omnia, Tabulinum De Ecclesiae Patribus Doctoribusque,
Materia Migne JP, Argumentum Patrologia Latina. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/02m/0347-
0420,_Hieronymus,_Divina_Bibliotheca_18._Liber_Masloth_Qui_Dicitur_Liber_Proverbi
orum, MLT.pdf.
5> Ambrosius Mediolanensis (St. Ambrose, ca. 340-397; Saint, Doctor of the Church,
Archbishop of Milan, one of the most influential ecclesiastical personalities of the 41
century), Sanctii Ambrosii Mediolanensis Episcopi et Ecclesiae Doctoris Hexameron Libri
Sex; Liber Tertius, CAPUT IX 40; Collectio Documenta Catholica Omnia, Tabulinum De
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Ecclesiae Patribus Doctoribusque, Materia Ecclesiae Patres Latini, Argumentum Ambrosius
Mediolanensis, Sanctus. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0339-
0397,_Ambrosius,_Hexameron_Libri_Sex, LT.pdf.

6Aurelius Augustinus Hipponiensis (St. Augustine, 354-430; Saint, influent Christian
theologian, philosopher), Breviculus collationis cum Donatistis; Collatio primi diei, CAPUT
X; Collatio tertii diei, CAPUT 111 3; Collatio tertii diei, CAPUT XIX.37; Collectio Documenta
Catholica Omnia, Tabulinum De Ecclesiae Patribus Doctoribusque, Materia Migne JP,
Argumentum Patrologia Latina. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/02m/0354-
0430,_Augustinus,_Breviculus_Collationis_Cum_Donatistis,_ MLT.pdf.

"Paulus Diaconus Warnefred Barnefridus Cassinensis (Paul the Deacon, ca. 720-799;
Benedictine monk, scribe, historian of the Lombards), Historia Langobardorum; Liber 1.6;
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De
Medioaevali Aetate, Argumentum 20 De Historia. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0720-
0800,_Paulus_Diaconus,_Historia_Langobardorum,_LT.pdf.

'8Bonaventura Bagnoregis (Bonaventure, 1221-1274; Saint, Italian medieval Franciscan,
scholastic theologian, philosopher, author of the life of St. Francis), Legenda Maior Sancti
Francisci; CAPUT 1V, De Profectu Ordinis sub manu ipsus et confirmatione regulae prius
approbatae, 1,7; Collectio Documenta Catholica Omnia, Tabulinum De Ecclesiae Patribus
Doctoribusque, Materia Ecclesiae Doctores, Argumentum Bonaventura Bagnoregis, Sanctus.
Last access May 14, 2019 from:

http://www.documentacatholicaomnia.eu/03d/1221-

1274, _Bonaventura,_Legenda_Major_Sancti_Francisci,_LT.pdf.

PIsidorus Hispaliensis (560-636), Etymologiarum Sive Originum; Liber XI, De homine et
portentis, I. De homine et partibus eius, [81]; Liber XII, De animalibus, II. De bestiis, [9];
Liber XIII, De mundo et partibus, XIX. De lacis et stagnis, [3]; Liber XVIII, De bello et ludis,
I. De bellis, [11]; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum,
Materia De Medioaevali Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019
from:

http://www.documentacatholicaomnia.eu/03d/0560-
0636,_Isidorus_Hispaliensis,_Etymologiarum_Sive_Originum_Libri_XX_%5B1%5D,_LT.
pdf.

2Beda Venerabilis (627-735 AD), Historia ecclesiastica gentis Anglorum; Liber 'V [12];
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De
Medioaevali Aetate, Argumentum 20 De Historia. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0627-
0735,_Beda_Venerabilis,_Historiam_Ecclesiasticam_Gentis_Anglorum,_LT.pdf.
2I'Theodulfus Aurelianensis (750-821), Carmina; Liber Primus, [0296A]; Liber Quintus,
[0351D]; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia
De Medioaevali Aetate, Argumentum 30 De Humanitate. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/0750-

0821, Theodulfus_Aurelianensis, Carmina, LT.doc.

2Aelredus  Rievallensis  (1110-1167), De Amicitia; CAPUT XXII, Patientia;
Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum, Materia De
Medioaevali Aetate, Argumentum 10 De Philosophia. Last access May 14, 2019 from:
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http://www.documentacatholicaomnia.eu/03d/1110-
1167,_Aelredus_Rievallensis,_De_Amicitia, LT.pdf.

Hugo Falcandus (1150-1250), Liber de Regno Siciliae; XIIl, De Matheo Bonello et qualiter
occidit Maionem; Collectio Documenta Catholica Omnia, Tabulinum De Rebus Laicorum,
Materia De Medioaevali Aetate, Argumentum 20 De Historia. Last access May 14, 2019
from:

http://www.documentacatholicaomnia.eu/03d/1150-
1250,_Falcandus._Hugo,_Liber_de_Regno_Siciliae, LT.pdf.

2*Boncompagnus de Signa (1165-1240), Boncompagnus; 1.11 De contrariis eventibus, qui
scolaribus in primordio itineris occurrunt, 1.11.1 De illo, qui significat evidens
impedimentum, quod sibi occurrit, dum iret ad scolas. Unde querit consilium, quid ei sit
agendum [1]; 1.20 De subsidiis postulandis, 1.20.7 Littere speciales ad fratres cum
variatione regulari, [1]; Collectio Documenta Catholica Omnia, Tabulinum De Rebus
Laicorum, Materia De Medioaevali Aetate, Argumentum 10 De Philosophia. Last access
May 14, 2019 from:

http://www.documentacatholicaomnia.eu/03d/1165-

1240,_Boncompagnus_de_Signa, Boncompagnus, LT.pdf.

BGeoffrey of Monmouth (Galfridus Monumotensis, Geoffrey of Monmouth; ca. 1100-1155;
Welsh cleric), Historia Regum Britannie; Liber Primus, 12; Medieval Academy. Last access
May 14, 2019 from:
http://www.medievalacademy.org/resource/resmgr/maa_books_online/hammer_0057.htm.
%Pietro Alighieri (1300-1364; son of Dante and Gemma Donati; magistrate and Italian
literature critic), Comentum super poema Comedie Dantis; Super V capitulo Paradisi, vv. 1-
84; Biblioteca Italiana. Last access May 14, 2019 from:
http://ww2.bibliotecaitaliana.it/xtf/view?docId=bibit000160/bibit000160.xml&chunk.id=d3
352e12757&toc.id=&brand=bibit.

Y’Guido da Pisa (second half-13rd century; first half-14th century; Monk and Italian writer),
Expositiones et glose super Comediam Dantis; Inferno, XXI, vv. 19-21; Biblioteca Italiana.
Last access May 14, 2019 from:
http://ww?2.bibliotecaitaliana.it/xtf/view?docld=bibit001498/bibit001498.xml&chunk.id=d6
730e18043&toc.depth=1&toc.id=d6730e1793 1 &brand=newlook.

BJohannes Cluverus (Iohannis Cliiver, 1593-1633; German academic, theologist),
Historiarum Totius Mundi Epitome; Martianus, 325 (p. 203); Irene, Costantinus VI.
Porphyrogenitus, Nicephorus, Byzantini: Carolus Magnus Romanus Imper, 370 (p. 231);
Maximilianus I. Romanorum Imp. Baiazetes I1, et Selimus I, Turcae, 585 (p. 364); loan. Cluv.
Epistomes Historiarum Continuatio, 893 (p. 553); Collectio Documenta Catholica Omnia,
Tabulinum De Rebus Laicorum, Materia De Renascentali Aetate, Argumentum 20 De
Historia. Last access May 14, 2019 from:
http://www.documentacatholicaomnia.eu/03d/1667-
1667,_Cluverius_loannes,_Historiarum_Totius_Mundi_Epitome,_LT.doc.

PaFranciscus Baconus de Verulamio (Francis Bacon; 1561-1626; English philosopher,
statesman, scientist, jurist, orator, essayist; he served both as Attorney General and Lord
Chancellor of England), Novum Organum; XIII, Tabula Graduum sive Comparativae in
Calido, 29; XIII, Tabula Graduum sive Comparativae in Calido, 36; XXV; XXXVI, 5; XLVIII,
3; XLVIII, 4; L, 2; L, 3; Collectio Documenta Catholica Omnia, Tabulinum De Rebus
Laicorum, Materia De Renascentali Aetate, Argumentum 20 De Historia. Last access May
14, 2019 from:
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http://www.documentacatholicaomnia.eu/03d/1561-
1626,_Bacon._Franciscus,_Novum_Organum,_LT.pdf.

PbFranciscus Baconus de Verulamio (Francis Bacon; 1561-1626; English philosopher,
statesman, scientist, jurist, orator, essayist; he served both as Attorney General and Lord
Chancellor of England), Sylva Sylvarum, Sive Historia Naturalis in decem Centurias
distribute; 245 (pp. 90-91); ECHO-Cultural Heritage Online. Last access (text and figures)
May 14, 2019 from:

http://echo.mpiwg-
berlin.mpg.de/ECHOdocuView?start=221&viewMode=text&viewLayer=search&url=%2F
permanent%2Flibrary%2FWX8HY2V2%2Findex.meta&query%20=resil&queryType=fullt
extMorphé&pn=90.

http://echo.mpiwg-
berlin.mpg.de/ECHOdocuView?start=221&viewMode=text&viewLayer=search&url=%2F
permanent%2Flibrary%2FWX8HY2V2%2Findex.meta&query %20=resil&queryType=fullt
extMorph&pn=91.

2¢Franciscus Baconus de Verulamio, Sermones Fideles sive Interiora Rerum; XXIX, De
proferendis finibus imperii, 14; Collectio Documenta Catholica Omnia, Tabulinum De Rebus
Laicorum, Materia De Renascentali Aetate, Argumentum 20 De Historia. Last access May
14, 2019 from:

http://www.documentacatholicaomnia.eu/03d/1561-
1626,_Bacon._Franciscus,_Sermones_Fideles_Sive_Interiora_Rerum,_LT.pdf.

30René Descartes (René Descartes, 1596-1650; French philosopher, mathematician,
scientist), Oeuvres de Descartes, Correspondance Avril 1622-Février 1638; publiées par
Charles Adam & Paul Tannery sous les auspices du Ministére de I’Instruction Publique,
Paris, Léopold Cerf, imprimeur-éditeur, 12, Rue Sainte-Anne, 1897.

Descartes a Mersenne, 25 Février 1630, lettre 110, p. 117, 6-19 (in French). Last access May
14, 2019 from:
https://archive.org/download/uvresdedescartesQ1desc/uvresdedescartesO1desc.pdf;
Translation into Latin, Epistolae: Partim ab Auctore Latino sermone conscriptae, partim ex
Gallico translatae, pars secunda, AMSTELODAMI, Apud Danielem Elzevirium, clo Ibc
LXVIII; Epistola CX Ad R.P. Mersennum, p. 370. Last access May 14, 2019 from:
https://books.google.it/books?id=bjFZAAAAcAAJ&pg=PA370&Ipg=PA370&dq=0Observa
ndum-+tamen-+est+praeterea+non+modo&source=bl&ots=VwXpJt4-
VC&sig=NMFMhzdiFyrOke-

LEpgVG2WwDCY &hl=it&sa=X&ved=0ahUKEwi81fjIgNzJAhUCQBQKHTIcABMQ6A
EIHjA A#v=onepage&q=0bservandum%20tamen%?20est%20praeterea%20non%20modo&
f=false.

3 Galileo Galilei (1564-1642; Italian astronomer, physicist, engineer, philosopher). Although
he seems ignore the term, it appears in Latin writings of colleagues involved in epistolary
exchanges or debates with him about Astronomy and motion of bodies. Examples:

- Honoratus Fabrius or Honoré Fabri (1608-1688, French Jesuit theologian, mathematician,
physicist, Court Official, Ecclesiastic Official), Tractatus Physicus De Motu Locali: In Quo
Effectus Omnes, Qui Ad Impetum, Motum naturalem, violentum, & mixtum pertinent,
explicantur, & ex principiis Physicis demonstrantur; Liber Secundus, De Motu Naturali,
Theorema 61, Corollarium 7, Dissertatio, De Motu naturaliter accelerato (p. 102); Liber
Secundus, De Motu Naturali, Theorema 100 (p. 123); Liber Secundus, De Motu Naturaliter
Accelerato, Theorema 123 (p. 130); Liber Sextus, De Motu Reflexo, Theorema 55 (p. 254);
Liber Sextus, De Motu Reflexo, Theorema 56 (p. 254); Liber Sextus, De Motu Reflexo,
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Theorema 75 (p. 261); Liber Sextus, De Motu Reflexo, Theorema 86 (p. 264); Liber Sextus,
De Motu Reflexo, Theorema 92 (p. 266); Liber Sextus, De Motu Reflexo, Scholium (p. 267);
Liber Septimus, De Motu Circulari, Theorema 8 (p. 275); Liber Nonus, De Motu Mixto et
Recto, et Circulari, vel ex pluribus Circularibus, Theorema 29 (p. 369); Liber Nonus, De
Motu Mixto et Recto, et Circulari, vel ex pluribus Circularibus, Theorema 13 (p. 372); Liber
Decimus, De Diversis Motionum, vel imprimendi motus rationibus, Theorema 6 (p. 388).
Auctore Petro Mousnerio Doctore Medico, cuncta excepta ex praelectionibus R.P. Honorati
Fabry, Societatis Iesu, Lyon, apud Ioannem Champion in foro Cambij, 1646. Last access
May 14, 2019 from:
http://reader.digitale-sammlungen.de/resolve/display/bsb10052837.html.

- Fortunio Liceti (1577-1657, Italian physician, philosopher, scientist), Liteosphoros, seu de
Lapide Bononiensi; Caput Quinquagesimum, De Luna subobscura luce prope conjunctiones,
et in deliquiis observata, Digressio physico-matematica (2) (p. 185); in “Le opere di Galileo
Galilei”’; Prima Edizione Completa condotta sugli autentici Scritti Palatini e dedicata a S.A.L.
e R. Leopoldo II, Granduca di Toscana, Tomo III, Firenze, Societa Editrice Fiorentina, 1843.
Last access May 14, 2019 from:

https://books.google.it/books?id=HszkNFtmY 8kC&pg=PA185&Ipg=PA185&dq=galileus+
resilire&source=bl&ots=Y_850Hd0alL&sig=2te3ZFE6SQB-jL6MKah3scZHq-
A&hl=it&sa=X&ved=0ahUKEwiqx_vvxt3JAhXL8RQKHbwqA04Q6AEITHDA A#v=
onepage&q=galileus%20resilire&f=false.

32Ralph Bohun (1639-1716; Church of England clergyman, fellow of New College, Oxford,
rector of West Kington, Wiltshire, later prebendary of Salisbury Cathedral), A Discourse
concerning the origine and properties of wind. With an Historical Account of Hurricanes,
and other Tempestuous winds (Bohun, 1671), pp. 9-10. Last access (text and figures) May
14, 2019 from:

https://books.google.it/books?id=0D8sAQAAMAAJ &printsec=frontcover&hl=it&source=
gbs_ge_summary_r&cad=0#v=onepage&q&f=false.

$James Keill (1673-1719; Scottish physician, philosopher, medical writer, translator, early
proponent of mathematical methods in physiology), An Account of Animal Secretion, The
Quantity of Blood In the Humane Body, Muscular Motion (Keill, 1708), I. Of Animal
Secretion. Prop. X, pp.21-22. Last access (text and figures) May 14, 2019 from:
https://archive.org/download/accountofanimalsOOkeil/accountofanimalsOOkeil.pdf.
3Thomas Campbell (1733-1795; Irish Church Protestant clergyman, traveler), A
Philosophical Survey of the South of Ireland, in a series of letters to John Watkinson
(Campbell, 1778), p.144. Last access (text and figures) May 14, 2019 from:
http://catalog.hathitrust.org/Record/008399932.

3Thomas Blount (1618-1679; Roman Catholic lawyer, antiquarian, lexicographer),
Glossographia or a dictionary, interpreting all such hard words, RE (Blount, 1656). Various
editions since 1656 (first). Last access (text and figures) May 14, 2019 from:
https://archive.org/details/glossographiaanOOblougoog.

3Edward Phillips (1630-1696; English encyclopedist; Phillips, 1658), The New World of
English Words, or, a General Dictionary, RE (Phillips, 1658). Last access (text and figures)
May 14, 2019 from:
https://archive.org/download/The_New_World_of_English_Words_Or_A_General_Diction
ary.

3Ephraim Chambers (1680-1740; English encyclopedist; Chambers, 1728), Cyclopaedia, or,
an Universal Dictionary of Arts and Sciences, REC (Chambers, 1728). Various editions since
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Green & Longmans, Paternoster-row; and John Taylor, Upper Gower Street, 1839. The
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https://archive.org/details/eminentliterary0O1bellgoog/page/n6.

S0Robert Tomes ((1817-1882; U.S. physician, doctor, diplomat, writer, surgeon on a vessel
of the Pacific Mail Steamship Company), The Americans in Japan: an abridgment of the
Government narrative of the U.S. expedition to Japan, under Commodore Perry, Chapter
XVI, Expedition to Japan, p. 379 (Tomes, 1857). New York: D. Appleton& Co., 346&348,
Broadway. London: 16 Little Britain, 1857.
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SlaCharles Robert Darwin, Beagle Diary, earthquake and tsunami of Concepcion: pp. 292-
303; 445; eruption of Mount Osorno: p. 265. Edited by Richard Darwin Keynes, Emeritus
Professor of Physiology in the University of Cambridge, and fellow of Churchill College,
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& lying down in the wood to rest myself. It came on suddenly & lasted two minutes (but
appeared much longer). The rocking was most sensible; the undulation appeared both to me
& my servant to travel from due East. There was no difficulty in standing upright; but the
motion made me giddy ... An earthquake like this at once destroys the oldest associations;
the world, the very emblem of all that is solid, moves beneath our feet like a crust over a
fluid; one second of time conveys to the mind a strange idea of insecurity, which hours of
reflection would never create ...”; March 3, 1835 at Conception: “... As soon as the ship
entered the harbor of Concepcion, I landed on the island of Quiriquina, & there spent the
day, whilst the ship was beating up to the anchorage. The Major domo of the estate rode
down to tell us the terrible news of the great Earthquake of the 20™: - That not a house in
Concepcion or Talcuhano (the port) was standing, that seventy villages were destroyed, &
that a great wave had almost washed away the ruins of Talcuhano - ... The Island itself
showed the effects of the Earthquake, as plainly as the beach did that of the consequent great
wave. Many great cracks which had a North & South direction traversed the ground; some
of these near the cliffs on the coast were a yard wide; & many enormous masses in every part
had fallen down, in the winter when the rain comes, the water will cause greater slips. The
effect on the underlying hard slate was still more curious; the surface being shattered into
small fragments. If this effect is not confined, as I suppose it is, to the upper parts, it appears
wonderful that any solid rock can remain in Chili. For the future when I see a geological
section traversed by any number of fissures, I shall well understand the reason. I believe this
earthquake has done more in degrading or lessening the size of the island, than 100 years of
ordinary wear & tear ... Many compared the ruins to those of Ephesus or the drawings of
Palmyra & other Eastern towns, certainly there is the same impossibility of imagining their
former appearance & condition ... The earthquake alone is sufficient to destroy the
prosperity of a country, ... what a horrible destruction there would be of human life. England
would become bankrupt, ... To my mind since leaving England we have scarcely beheld any
one other sight so deeply interesting. The Earthquake & Volcano are parts of one of the
greatest phenomena to which this world is subject...”. Among the final considerations, he
says that earthquakes and volcanos “...possess for me a higher interest, from their intimate
connection with the geological structure of the world. The earthquake must however be to
everyone a most impressive event; the solid earth, considered from our earliest childhood as
the very type of solidity, has oscillated like a thin crust beneath our feet; and in seeing the
most beautiful and laboured works of man in a moment overthrown, we feel the insignificance
of his boasted power ...”.
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SICharles Robert Darwin, On the origin of species by means of natural selection, or the
preservation of favoured races in the struggle for life, New York: D. Appleton and Company,
443 & 445 Broadway, 1861, A New Edition, revised and augmented by the author;

Chapter III. Mutual checks to increase. pp. 70-71.

Chapter IV. Natural selection p. 80; p. 100-101; pp. 101-102; p. 108.

Chapter X. Geological succession, p. 276; p. 277; pp.281-282.

Chapter XIII. Classification, pp. 372-373; p. 376.
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Chapter XIV. Conclusion, p. 425. Last access May 14, 2019;
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2 Crawford Stanley ‘Buzz’ Holling (born December 6, 1930 in the United States to Canadian
parents) is a Canadian ecologist, and Emeritus Eminent Scholar and Professor in Ecological
Sciences at the University of Florida. Last access May 14, 2019 and Figures from:
https://en.wikipedia.org/wiki/C._S._Holling.

Resilience Alliance. Last access May 14, 2019:

https://www.resalliance.org/.

3Eugene Pleasants Odum (1913-2002), was a U.S. biologist known for his pioneering work
on ecosystem ecology.

S4CARRI. Last access May 14, 2019:
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3HAZUS-MH. Last access May 14, 2019:

https://www.fema.gov/hazus.

>Wikipedia, Supply chain. Last access May 14, 2019:
https://en.wikipedia.org/wiki/Supply_chain.

STTalcott Parsons (1902-1979) was an U.S. sociologist, best known for his social action
theory and structural functionalism. His theory the intellectual bases of several disciplines of
modern sociology. His work is concerned with a general theoretical system for the analysis
of society rather than with narrower empirical studies. He is credited with having introduced
the work of Max Weber Emile Durkheim, and Vilfredo Pareto to American sociology.
Towards the end of his career (1975), he stated that ‘functional” and ‘structural functionalist’
were inappropriate ways to describe the character of his theory. From the 1970s, a new
generation of sociologists criticized Parsons’ theories as socially conservative.
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Increasingly, socio-natural risks and disasters represent the result of an unsustainable
interaction between human beings and environment. The current scientific debate has
generally agreed on the idea that the impact of natural hazards needs to take into
account the social vulnerabilities and exposures to risk of the affected population.
The most recent earthquakes have unequivocally shown the complexity of the
phenomena and their multi-scale dynamics. Indeed, the territory is the combination
of natural, social and cultural environment and only by exploring its anatomy and
physiology, it will be possible to manage and protect it in the best way.

This volume collects a quite wider range of national and international case studies,
which investigate how socio-natural risks are perceived and communicated and
which strategies the different communities are implementing to mitigate the seismic
risk. This publication has been possible thanks to a fruitful discussion that some
scholars had at the 36th General Assembly of the European Seismological
Commission held in Malta from 2 to 7 September 2018.
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