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ABSTRACT
Disaster, and Socioéystémic Vulnerability

Carlo Pelanda .
Ingtitute . of International Sociology - Gbrizia, Italy

The aims of this paper are to suggest a preliminary sociological definition
of vulnerability to disasters, to discuss this notion in relation to dif-
ferent levels of sociosystemic complexity and, only for heuristic purposes,
to present a tentative and synthetic conceptual schema for the assessment
of the overall vulnerability of a social (sub)system.

Disaster is defined as "the actualization of the spéiosystem;c vulnerabili-
ty." The term "vulnerability" refers to the structural state of a social
{sub)seystem. )

Three levels of social vulnerability are identified: typologlcal, specific
and general. The discussion suggests that only a simultaneous and combined
assessment of these three levels, at least, can allow reliable predictions/
explanations of the overall degree of vulnersbility of the social subsystem
that is of interest. The analysis of the social response to the Friuli
earthquake is used as a rough example for the mattet under discugsion.

The last section of this paper deals with the hypothetical relationship be-
tween the degree of structural (in)determinacy and the degree of social wvul-
nerability. The ' main goal is to identify only one indicator, or dimension
of wvulnerability-which could fit ‘any struecturally relevant component along
the axis of the sociosystemic complexity. -



DISASTER AND SOCIOSYSTEMIC VULNERABILITY

. Carlo Pelanda. Imstitute of Internaticnal Sociclogy - Gorizia, Italy.

The aims of this paper are to suggest a preliminary sociological definition
of vulnerability to disasters, to discuss this notion in relation to different
levels of sociosystemic complexity and, only for heuristic purposes, to pre-
sent a tentative and synthetic conceptual scheme for the assessment of the
overall vulnerability of a social (sub)system.

If one seeks an understanding of what happens at the interface between extreme
physical phenomena and social systems, it is necessary to look at the rela-
tionship between the context of "normality" and the processes of disaster.
From the point of view of disaster research, the pre~impact type of social
organization could be considered in terms of its degree of vulnerability, in
relation to different types and intensitites of potentially destructive events.
In conceptual terms, it would be relatively simple to assume a direct linkage
between the pre- and post-disaster structural state, and the behavior of a
social (sub)system. But very little is known about the quality, the quantity
and the type of this relationship. In other words, we could state that pre-
disaster social vulnerability plays a crucial role in determining the range

of destruction and the aftermath of social dynamics, but we do not know, or
we know only poughly, what type of vulnerability plays what role.

Current social science does not have manageable models of sociletal dynamics.
In particular, there is a lack of knowledge about the critical thresholds
which determine the loss of the system’s structural stability, Even though
we must accept temporarily the general state of the art, in disaster research,
we cannot maintain too high an indeterminacy in understanding and defining
what is the sociosystemic wvulnerability to disaster. This is particularly
crucial when we advance the hypothesis that the post-disaster society is.an
extension of the pre—-disaster one.

In the following sections of this paper we will try to give some starting
points for the matter under discussion, In section 1 we will present a new
synthetic definition of both disaster and sociosystemic vulnerability. In
sections 2,3, and 4 we will identify three levels --— the typological, specific
and general -— of social vulnerability to disasters. In section 5 we will
propose a hypothetical and tentative scheme in which the degree of structural
‘indeterminacy predicts the overall degree of vulnerability to disasters of a
-social (sub)system. The discussion will be at a relatively abstract level.
But we believe that our poiat of view can be a heuristic and preliminary tool
for finding the most poweriul and simplest indicator of social vulnerability,
. for later application in disaster minimization strategies.

i. DEFINITIONS OF DISASTER AND ﬁULNERABILITY FROM A SOCIOLOGICAL POINT OF VIEW

The conceptual need to define wvulnerability depends on whether or not one
believes in the utility of a synthetic concept for assessing the social (sub) .
systems probability of losing viability under given conditions, and/or the
probability of generating these conditions. For the purposes of this paper

we need to give some consideration to the definition of disaster: before dealing

with the conceptual and terminological identification of the notion of social
vulnerability.

In the literature, definitioqé of disaster of a "social nature have'clearly



and fortunately replaced the very early referents in almost solely physical
terms" (Quarantelll and Dynes, 1977: 24). Nevertheless, the major part of
the sociological definitions of disaster focus only on the description of
social and environmental effects of an impact, i.e., when disaster strikes.

In these definitions, disaster is -viewed as an event concentrated in time and
space in which the normal structural arrangements of a social (sub)system

are suddenly destroyed, and the fullfillment of all or some of the essential
social functiona are .prevented (see: Endelmann, 1952; Form and Nosow, 1958;
Fritz, 1961; Cisin and Clark, 1962; Skeet, 1977). Other authors dafine disas-
ters as collective stress situations which render expected conditions and
goals unattainable to the degree customarily considered essentall by the social
units (see: FKillian, 1954; Loomis, 1962; Gillin, 1962; Barton, 1970). Only

a few definitions try to relate the notion of disaster to the collapse of the
already existent capacity of the routine social structures. 'In other words,

a disaster is defined as a situation in which the social demands exceed the
organizational capabilities and precautions which had hitherto been culturally
accepted as adequate (see: Dynes, Quarantelli and Kreps, 1972; Turner, 1978;
see also Sjoberg, 1962; Western; 1972},

In splite of many variations in the existent sociological definitions of disas—
ter, the causes which generate disasters, i.e., the reasons why disaster
occurs, are commonly left undetermined. In other words, the disaster social
situation is arbitrarily separated from, or not explicitly conmected to, the
pre~disaster onme. This could mean that a certain degree of. "neutrality” of
the pre-disaster type of normality is assumed. '

In the last two decades disaster researchers have produced many findings
stressing the relevance of pre-disaster soecial conditions on post—disaster
effects. On the other hand, the causes of a disaster have been considered
partially external to the 'normal' structural state of a social (sub)system.
This view could be summarized as the-"principle of limited responsibility" of
the social structure in generating disaster situations. On the contrary we
believe in the principle of the "total responsibility" of the sociostructural
organization in generating the pre-conditions of every type of disaster, even
when a natural agent ies involved, 1In human systems there is always a social
or a sociotechnological cause for every sort of destruction and the effective-
ness of the response to it (see Battisti, 1980; Disopra, 1980). When, for
example, a large scale earthquake occurs, the level of destruction depends on
the capacity of the physical structures to absorb the massive release of

energy. But his capacity is totally socially, economically and technologically
pre—determined.

In the case of technological disaster-agents, it has been shown that “the
community preparedness necessitates social change, not mere technological
upgrading” (Quarantelli and Tierney, 1979: 10). We could generalize this

to all types of disaster, that is, a "technical investigation alone is in-
sufficient to provide a full understanding of the origins of disasters and
that a soclo-technical approach must be employed" (Turmer, 1979: 57). ‘
Similarly, in the case of natural disasters we could also apply the principle
that disasters always arise from an absence of some kind of knowledge at some -
point (Turner, 1978). From this perspective we could interpret all disasters
as acts of ignorance or situations which depend on a lack of ratiocnality. On
the other hand this lack of rationality is a constant in social $ystems. It
is well described in Simon's principle of "bounded rationality" which asserts

that there is always a state of potential ignorance that prevents the maximi-~
zation of any human gosl (Simon, 1957).
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We must temporarily accept as a constant the incapability to perfectly control
and understand the dynmamics which lead to a disaster situation. But we camnot
tolerate a conceptual ambiguiiy about the context in which a disaster arises.
Any sort of disaster, natural or man~made, dissensus or consensus type etc.,
totally depends on social causes. If we accept this principle of Tgotal
responsibility"” then the simplest and most general definition should state
that disaster is the actualization of social vulnerability.

In the disaster literature there is a lack of clarity about the interpretation
of the term "vulnerability." In many studies, the notion of vulnerability

is implicitly defined as proneness, risk hazard; or lack of preparedness,
readiness, organization, experience, viability, or low capabllity for absorp-
tion, normalization; or low elasticity, flexibility, stability; or high '
susceptibility, fragility, penetrability, exposure, etc. Only a few authors
try to define explicitly the notion of soclal vulnerability. Here we can
mention a representative sample of thelr writings. . -

"In some sense vulnerability is a concept which stands in a reciprocal relation
to viability. Studies of social vulnerability should identify those key
structures and processes which, when broken under assumed or actual stress -
will decrease the general and specific viability of society and its institu-
tions" (Vestermark, 1968: 14). The following definition is relatively sim-
ilar: ‘"wvulnerability defines the susceptibility of pepulation-at-risk to

loss when an évent of giveu intensity occurs™ (Friedman, 1975: 2).

Disagreement is explicitly present im the distinctions among "vulnerability,"
"proneness" and "risk." Lewis, for example, trying to distinguish between
proneness and vulnerability states that "the former concept refers to the
frequency and magnitude of the physical events; the latter describes and mea~
sures the impact of disasters by means of statistical and other methods"
(Lewis, 1979: 104). For other authors the term "pronenmess" describes the
degree of social capacity to absorb or minimize disasters, while "vulnerabil~
ity" refers to the degree in which a social (sub)system is at risk to extreme
phenomena (see for example: “Bufbn, Kates and White, 1977). Westgate and
O'Reefe, criticizing the above point of wiew, assert that the notion of social
vulnerability is a combination of both of the concepts of proneness and risk,
as follows: 'vulnerability is the degree tc which a2 community 1s at risk from
the cccurrence of extreme physical or natural phencmena where risk refers to
the pejorative probability of occurrence, and the degree to which socio- A
.economic and socio~political factors affect the community's capacity to absorb
and recover from extreme phenomena™ (1976: 65). A recent work in the area of
chemical disasters amplifies the latter approach, asserting that vulnerability
is a characteristic of a community as a totality and that it is a complex
function of both risk and preparedness (Gabor and Griffith, 197%9).

Even though many of these definitions stress the socio-ecological quality

of the term vulnerability, they assume a relative independence between the
probability of occurrence of a destructive event and the sociological context.
From this point of view one could derive by logical implication that a low

or high probability of cccurrence of an extreme phenomenon reduces or increases
the level of social vulnerabilitry. This, in operationzl terms, could be
expressed, for example, with the formula: VULNERABILITY (disaster risk) =
NATURAL HAZARD RISK x DAMAGE PROBABILITY (U.N.D.R.O., 1977).  In spite of
the conceptual evidence that the degree of risk cannot be viewed as a factor
which is independent from the sociostructural context, a distinction is made
“"as it serves to illustrate the different strategies community planners can
pursue according to the relative importance of the two sets of factors in a
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given situation" (Gabor and Griffith, 1979: 325; Gabor and Pelanda, 1981).

In fact there is a level of applied knowledge in which, for practical purposes
of contingent assessment, the separaticn of the notioms of risk and the struc~
tural state of a social (sub)system could be justified in building both a
working definition and cowbined indicators of social vulnerability.

Here, for our purposes, the problem is that this latter apprcach stays at the
level of "functional rationality." That is, it is a series of actions or-
ganized in such a way that they lead to a previously defined goal with every
element in these series of actions receiving a functional position and role
(Mannheim, 1940). But for a better understanding of what social vulnerability
and disaster are, we need to operate at a level of "substantial rationality"
i.e., acts of thought from which arises an intelligent insight ‘into the inter-
relations of events in a given situation (Mannheim, 1940).

In other words, even though at a practical level we could separate the notions
of risk and the social structural state, thie point of view, assuming the rel-
ative independence between the pejorative probability of occurrence of an
extreme phenomenon and the sociological context, is ambiguous for purposes

of a substantial understanding of the concept of social vulnerability against
disasters. As previously stated, we believe in the principle of "total re-
sponsibility" of the sccial organization in creating the pre-conditions of all
the types of social destruction. This means that the approach in which risk
and type of sociological context are both separate and independent factors
(predictors) on the dependent variable "socilal vulnerability," i.e.,:

==

DEGREE OF SOCIAL VULNERABILITY
SOCIAL PRE- ,_,.,———*J7 :
PAREDNESS

does ﬁot satisfy our principle. On the contrary, we interpret the notion of
social vulnerability as an independent ﬁactor (predictor) on risk, i.e.,:

DEGREE OF socIAL'vaNERABILITY > ' RISK

where risk is defined as the probability of an event occurring multiplied
by the magnitude of the loss.

The latter causal relation satisfies the principle that the type of organi-
zational state of a (sub)system generates the pre—conditions for any sort of
destruction, natural or man-made. It also implies that the sociological
notion of vulnerability refers to the structural situation of a socisl system.
The common sense preliminary assumption is that the notion of the probability
of occurrence of an extreme envirommental event is relevant from the socio~
.logical point of view only when it is an extreme social phenomenon i.e., when

a "barrier of indifference" does not exist. This means that risk depends on
a factor of sociotechnological capacity which is a subcomponent of the degree
of social vulnerability inside a given societal and/or cammunity system.

From this perspective we need a "pure" soclological concept for defining the
tern “social vulnerability." The simplest notion could be the quantity of

sociostructural "domain" (e.g., control) that a social system (or subsystem
or component) has over its internal and external processes. At an abstract
level, the condition of perfect domain is constituted by the fullfillment of
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two prerequisites: a) substantial knowledge of all the events which are
possible given the structural state of the system of interest and b) related
successful construction of sociotechnologilcal barrierz of indifference in
opposition to the subset of possible events whose actualization would directly

. or indirectly lead the system below the threshold of minimum viability. At

this level of generality we could assert that the degree of socisl vulunersbility
of a (sub)system is the quantity of sociostructural "non-domain" (e.g., non—
control) over its internal and external processes. The notion of vulnerability
is a relativistic concept based on the interests of an observer. This defini~

tion could be applied to the point of view of all the components placed along
the continuum of sociosystemic complexity.

The actualization of any event socially defined as disaster is a specific

~ property of the soclosystemic non—~domain (Pelanda, 1981, A). This approach
implies that both man-made and natural disasters simply assume the same quality
of outcomes of "soclotechnological options," which are not sufficient to
dominate the environmental variability. Furthermore, one of the implications
related to the above definition of social vulnerability is that no extreme
physical phenomenon, relevant from the point of view of human systems, can be
considered independent from the involved sociological context. Or, better
stated, any physical event characterized by a social impact is directly "gen-
erated" by causes inside the structural organization of a social (sub)system.
Sudden, rare, random, unexpected, destructive events are only synonyms of what
we do not know or of what we are not able, or we do not want to organize.

In the last section of this paper we will tentatively identify the main
structural determinant of the quantity of social vulnerability as defined
above. In the following pages we will discuss the problem of how many types
of social vulnerabllity play what role din localized disasters.

2. PRELIMINARY ‘IDENTIFICATION OF THREE LEVELS OF SOCIAL VULNERABILITY'

To observe whether or not localized disasters have relevant long~term socio-
economic and psychological effects, could be a preliminary way of finding

some empirical evidence about what and how many types of social vulnerability
play a role in disaster situations. In the social science disaster literature,
at the socloeconomic level, American studies have produced two recurrent
findings.

(1) The first finding is that localized natural disasters do not generate
:significant long-term changes in the demographic, economic and urban dynamics
of impacted: communities when compared with the pre-disaster .ones (Wright et
al, 1979; Friesema et al, 1979; Aguirre, 1981).. If small changes occur, they
tend to be positive in economic terms and more relevant at a regional level
rather than for single communities inside the geographical area of the disaster
(see: Dacy and Kunreuther, 1969).

' (2) The second finding is that localized natural disasters tend to pro-
duce an accelaration of the already pre-existing developed and underdeveloped
trends (Bates et al, 1963: Haas et al, 1977).

At the psycho-social and epidemiological levels, there is a basic conflict be~:
tween two subsets of survey findings relating to the long-term individual
effects of natural disasters (for a general discuseion see: Mileti et al,
1975; Perry and Lindell, 1278). The first set asserts that a natural disaster
might produce short—term psychological disturbances, but does not gemerate
significant long—-term individual consequences (see Drayer, 1957; Dohrenwend,
1973; Hall and Landreth, 1975; Taylor et al, 1976; Omaha Tornado Project, 1976;
Western and Milne, 1976; Sterliug et al, 1977; Melick, 1978). Moreover,
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disasters do not necessarily produce negative individual effects, but they can
have many positive effects on some characteristics of the involved social units
(see Barton, 197(¢; Turner, 1966; Drabek, 1976). In contrast, the second set
suggests that relevant psychological consequences can appear after a comnsider-
able period subsequent to the Impact (see Killian, 1954; Demerath and Wallace,
1957; Form and Rosow, 1958) and can persist in the long-run among significant
- number of the disaster victims (see Wilson, 1962; Erikson, 1976; Titchener and
Enapp, 1976; logue et al, 1978; see also Ahearn, 1979). A variation of this
latter finding, based on community studies focused on the long~term sccial
consequences of the 1976 Friull (Italy) earthquake, proposes that both the de-~
struction and the type of reconstruction tend to produce significant negative
effects only, or mainly, on those victims already characterized by high pre-
disaster psychological and/or socioceconomic wvulnerability (Tessarin, 1980;
Pelanda, 1981; Pascolini, 1981).

FrOm a societal point of view, and on the basis of the literature we reviewed,
we could hypothesize that in developed western societies, local natural disas-~
ters do not produce any long-term relevant structural effects. In other words,

- these types of social systems maintain their structural stability under local-
ized destruction. :

If one is interested in a more formal description of this observation we could
use (only as a parenthetical note in the context of this paper) the mathemati-
cal concept of topological isomorphism related to the preservation of a sys-
tem's structure over time (see Gottinger, 1975; Willigan, n.d.). If we iden~
tify (8,X) as a differential dynamic system, where S is the system's phase
space, with some assumed appropriate topological structure, and X is a vector
field made up of a set of differential equations specified in S, we could de-
fine the system (8,X) to be structurally stable if for some perturbation

§X on X the system (S, X + § X) is topologically isomorphic to (8,X). This

is simply a desaription of a system which maintains its qualitative dynamics
under perturbation. A

From a macroscopic point of view this should be the situation of the developed
western societies in relation to localized disasters. On the other hand we
do not know anything, or little, about the threshold of intengity beyond which
a local crisis becomes a societal disaster, and about the permanent effects

of localized disasters in both non-western and non-developed societies.
Therefore, we can only assume that in western developed societies there is

.a general factor of sufficiently low social vulnerability, which maintains

the structural stability of the system when the typological vulnerability,
(i.e., the quantity of "non-control” over a particular sort of environmen-—

tal variation) of a subsystem actualizes into a local disaster.

Further problems arise when we have to assess the disaster effects at the
involved subsystem (regional area oY community) level. In spite of many
systematic observations which suggest that local natural disasters de not
produce permanent changes on the characteristics of both the structural dy-
namics and the social units of the involved subsystem, we have godd reasons
to believe that this finding is more appropriate for low-range disasters,
which. are easily counterbalanced by the average capacity of institutional
rehabilitation existent in developed western societies. ,

On the basis of the above reductively summarized findings, and assuning a
relevant level of destruction, we could hypothesize that there are differen—
tial disaster effects among communities inside the same socletal system,

and among social units inside the same community. These differential effects

6



are mainly based upon the subsystem®s social unite level of pre-disaster
specific vulperability, i.e., a pre~disaster capaclty factor related to the
involved social units® probability of maximizing adaptive behavior under
stress. This means that the differential distribution of the specific pre-
disaster social, economic, cultural, organizational, vulnerabilities in the
components inside the sociosystemic level of interest, creates the pre-con-
ditions of differential adaptive or maladaptive post—disaster social dynamics.

But neither these factors of specific vulnerability nor those of typological
vulnerability, which determines the post-impact degree of environvental al-
teration, are sufficient for exhaustively predicting/explaining the type of
disaster respomse of the involved social units. In fact, in modern societies,
no social subsystem is left alone to cope with mass emergencies (Quarantelll
and Tierney, 1979; Strasscldo and Pelanda, 1981). PFurther, the degree of
institutional rehabilitation (i.e., the level of actualization of a societal
factor of general vulnerability), can totally modify the only apparent linear
relationship between the particular vulnerabilities inside the involved sub—-

. system, and its overall degree of adaptive response to the disaster.

A unifying general notion for understanding this complex matter is the prin-
ciple of continuity (Quarantelli and Dynes, 1977) which asserts that the
pre~disaster behavior (or state) i1s the best predictor. of the post~disaster :
dynamics. This principle fits our point of view. But for our purposes,
which are focused on how the social vulnerability at different levels. of the
‘soclosystemic continuum  plays its role in disaster siltuations, we have to
elaborate this point. Until now we have identified the notion of total
sociosystemic vulnerability (i.e., the quantity of "non~domain" of a social
system over its internal and external processes) as a conceptual leit—
motif. This dmplies gt least three sublevels of social vulnerability:
general, at a sociletal level, and specific.and typological, at the involved
subsystem level. The hypothesis is that if we know only one of these levels,
or we assess them separately, we cannot measure the overall vulnerability of
a goclal subsystem of interest nor predict/explain its post-disaster behav—.
lor. We need a simultaneocus assessment of at least all these three types of
social vulnerability. In other words, the fact of knowing each type of vul-
nerability alone does not allow us to predict/explain the subsystems post-—
disaster social dynamics. Only a threefold simultaneous assessment could at
least have this property at an acceptable level of reliablllty.

‘Before trying to betterxr define these three levels of soecial vulnerabiiity and
‘their interrelationship, it will be useful to give a brief concrete empirlcal
exzmple of the matter under discussion,

3. AN EXAMPLE: THE FRIULI EARTHQUAKE CASE

We undertook a questionnaire survey focused on the 1976 Friuli earthquake2
and obtained a sample of 896 dwellers from 16 damaged and destroyed communi-
ties. We gathered data organized in a (recursive) causal scheme (see fig.
1) in which the rough determinants of the long-term individual (mal)adapti~
vity to the disaster are represented and measured (see Pelanda and Cat-
tarinussi, 1980; Cattarinussi, Moretti and Pelanda, 1980; Strasspldo and
Pelanda, 1981). Here, bevause of space limitation, we can only briefly
mention those findings most directly relevant to the topic of this paper.

In this research, we used reliable indexes of the disaster-victim's pre-
impact socioeconomic (Xj) and_psycholpgical (X311} vulnerabilities. In the

-



causal scheme (fig. 1), the degree of pre~disaster psychological (im}
stability is the best direct limear predictor of the long-term psychelogical
state of the disaster involved subjects (X9). The degree of pre-~impact so-
cioeconomic vulnerability (X1) is not directly related fo the latter Index
(X2). But, the socioeconomic vulnerability strongly influences other direct
predictors of the dependent index (Xz), that is, the degree of loss of cul-
tural identification (X7),. the degree of post-disaster family economic
change (¥5) and the degree of “individual disaster frustration" (based on a
measure of self-esteem change) (X¥g). Therefore, this type of wvulnerability
ig one of the most crucial determinants of the Iong~term level of indivi-
dual (mal)adaptivity to the disaster (X2).

Compared with the ‘pre-disaster overall personsl state, the relstive majority
of the sample does not show changes four years after the lmpact. But rele-
vant numbers of individvals, about 20Z%, show significant symptoms of mal-
adaptivity. A similar number of disaster victims as well exhibit a general
improvement in thelr socloeconomic and psychological conditions when com~
pared with their pre-~disaster state. Both changes tend t¢o be linearly
predicted by the degree of pre-disaster socioceconmmic and psychological
vulanersbility, ‘

In some of the findings derived from the causal achema (fig. 1) we can see
that the levels of pre-disaster economic and psychological vulnerabllity
are the best linear predictors of the long-term degree of individual (mal)
adaptivity to the disaster. Even though this relationship is true in the
statistical model we built, it does not imply, on the other hand, that we
can exhauvstively predict/explaiun the individuals post—-disaster situation
only knowing thelr pre-disaster degrees of specific valnexability. The
statistical significance only means that there Is a particular tendency in
the data. Many exceptions suggest that the continulty between the overall
pre+ and post-disaster perscnal state of individuals is obvicusly affected
by meny other factors.

Before explering these factors, we need a synthetic and manageable concept
to identify the key dimension of the social units' capability for absorbing
envirommental crises. This crucial notion is the individual capabillity to
maintain a sense of predlictability and cultural coherence in spite of both
the “disoxder" produced by the destruction and the uncertainty related to

: the reconstruction process (this general factor is roughly captured and

., measured by the variables X7 and Xg in fig, 1). While this crucial notion
" is suggested in the model presented in fig. 1, it is clearly evident in the
context of other parallel qualitative analyses of the sociological dynamics
related to the Friuli earthquake. The degree of this cultural mediation
capability weskena, for example, the linear relationship between the mater-
“ial objective disasgter-situation (see the weak relation between Xg and Xp
in fig. 1) and the psychological state of the disaster victim. -

In synthesis, the general pre~disaster social state of individuals is not
alone sufficient to explain exhaustively the probability of maintaining
predictability under perturbation. and adaptiviety to the disaster situation.
Hundreds of intervening variables are relevant for the remaining gquantity

of this type of prediction/explanation. But we could state that all of them
depend on the degree of actualization of both the typological (i.e., all

the factors which determine the degree of environmental alteration) and the

general (i.e., all the fsctors which determine the level of institutional
rehabilitation) wvulnerability.




In the Priuli earthquake case, the actualization of the typological vul-
nerability (1000 casulfties, 2800 injured, 70,000 homeless) was bounded
ingide the housing system, leaving whole the productive structure. More~’
over, the presence in Friuli of 2/3 of the Ttalian Army substituted and
counter~balsnced the total lack of community preparedness for emergency man—
agement. The general vulnerability, at a societal level, actualized mostly
in some intervention delays, but not in the amount and quality of the finan-
cial and organizational resources which converged into the disaster area.
The bounded actualization of both the typological and general vulnerability,
genersted a similarly bounded actualization of the specific vulnerability of
the social units inside the involved subsystem.

From a general point of view, ‘this means that the overall post—disaster or=-
ganizational environment remained below the threshold, beyond which the
average capability of the disaster-area social units for maintaining a sense
of cultural coherence and predictability, ccllapses. On the other hand, and
at another level of observation, the partial actualization of these wul-
nerabilitles was high enough to create a relevant quantity of randomness in
the individual adaptive success. The quantity of post—disaster envirommental
indeterminancy was, and is, high enocugh to make unpredictable the degree of
adaptation of many social units if we know only their own degree of pre-
disaster social vulnerability. For our immediate purposes, this set of
necessarily reductive considerations, is sufficient to make reascnable the
hypothesis that the simultanecus assessment of at least three levels of
vulnerability along the continuum of sociosystemic complexity, is the mini-
mum pre~condition for getting an acceptable prediction/explanation of the
gocial dynamics inside a post-disaster subsystem.

Now let us go back again to the general disgcussion we 1nterrupted to present
scme rough empirically-based illustrations.

4. ROLE AND INTERACTION OF THREE LEVELS OF SOCIOSYSTEMIC VULNERABILITY IN
DETERMINING THE OVERALL SUBSYSTEM'S VULNERABILITY AND DISASTER RESPONSE

When disaster strikes modern societies, the iInvolved social subsystem is

not left alone, but it is "rehabilitated" by the (over)system. When we have
to deal with the problem of the assessment of disaster minimization in com—
munities or reglonal areas, we cannot simply use measures of local exposure
¢ ot of social vulnerability inside the area of interest. We have to identify
. as many levels of vulnerability as there are functional connections among
components, subsystems and system. For minimum acceptable predictions/
explanations at least a simultaneocus assessment of three levels of social
vulnerability, defined as followe, is required.

A, Subsystem of Interest Level.

(1) TYPOLOGICAL VULNERABILITY: refers to all the local sociotechnologi-
cal pre—conditions whose resultant defines the degree of the social sub-
system's indifference to a glven intensity of a possible type of environ-
mental perturbation. In other words, this term inciudes both the techmo—.
logical and social factors which directly define the probability of avoiding
or minimizing a specific type, or a set, of potentially destructive events.
The level of emergency planning prepsredness, the degree of resilience of
the physical structures, the technological capability to locally assess the
degree of exposure, the sociopolitical awareness about risk, atc., are ex—
amples of gome of the required indicators for assessing the typological vul-
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nerability. Its degree of actualization directly determines the subsystem's
post-impact degree of envircommental alteration.

. (2) SPECIFIC VULNERABILITY: is the combined resultant of the dis-
tribution of the cultural, organizational, technological and economic re-
sources of the subsystem’s social units (individuals, families and organi-
zations). In other words, this is a complex measure of the local levels of
both sociceconomic development and cultural stability. The degree of spe-

cific vulnerability directly influences both the degree of pre-disaster
typological vulnerability and the gocial units’ type of response when the
typological vulnerability actualizes. '

B. Society System Level.

(1) CENERAL VULNERABILITY: 1is the societal degree of socioeconomic,
organizational and technological development. The national society vulner-—
ability indicators refer to: 1) the quantitative and qualitative availability
of economic, organizational, cultural, normative and technological resources;
2) the degree of functional connection between the societal -system and its
subsystems; 3) the degree of fumctional linkage with the international over-
system (see DelliZotti, 1981; Strassoldo, 1979). The degree of general
vulnerability directly influences both the pre-disaster levels of typological

and specific vulnerability and the degree of after—impact institutiunal re—
~habilitation,

As shown in figure 2, these types of preliminary analyses imply both a causal
relationship among the three levels of social vulnerability and .their dif-
ferent direct roles after the impact of a localized disaster. In the disaster
situation, the degree of sccietal general vulmerability directly influences
the subsystem's vulnerabilities. The degree of specific vulnerability am—
plifies or reduces that quantity of typological vulnerability which directly
depends on the genmeral state of the societal system. After impact, the
three types of vulnerability play a cowmbined but differential role in deter-
mining the subsystem's overall social response. Its level of success di-
rectly depends on the degrees of: a) environmental alteration (the actuali-
zation of the typological vulmerability), b) pre~disaster specific vulner-
ability of the involved social units and ¢) institutional vehabilitation

(the actualization of the general vulnerability).

The representation in figure 2 is made from the point of view of the involved
'social subsystem. This approach means that for assessing its overall vul-
nerability against possible disasters, we have to simultzneously use reliable
"indicators related to at least all three levels of the social vulnerability
identified above. If we know only one or two levels or if we are not abie

to combine all of them, the failure to predict/explain the imvolved sub=-
system's disaster related dynamics is more likely to occur.

The required social science assessment, as shown in figure 3, could be de-
scribed as a three~step process: 1) reduction of the complexity of the
reality by the ldentification and measurement of a satisfying number of in-
dicators related to all three levels of sociosystemic vulnersbility; 2}
employment of multivariate techniques (e.g., factor analysis) for reducing
the complexity of the indicators and finding the latent dimensions which
“synthesize them; 3) combined assessment of the factor analysis derived in-
dexes, and their causal relatiomship, to-obtain the degree of overall social
valnerability of a societzl subsystem for any chosen set of unwanted possible
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events.

This 1s the minimum we believe that is required. But obviously, after
-accepting the idea of the simultaneous employment of Indfcators related to
all the relevant levels of gociosystemic functional iIntercomnections, we
could use many other techniques. For example, to perform risk analysis, we
could employ the Honte Carlo Method and the related Network Analysis or

the Delphl procedure or the Event Tree Analysis and so forth. We think that
the problem of choosing the technique which bettexr fits the researcher's
goal follows, and does not preceed, the problem of being able to pursue a
holistic approach.

The point of view expressed here might satisfy a preliminary introduction

to the problem of assessing the degree of the social subsystem®s vulnerability
for every given set of perturbing events, but it is only a rough ldea of what
is necessary. Among the many difficulties, one is particularly crucial. In
fact, if we could operaticnalizeé our approach, we would find not only dif-
ficulties in dealing with the large number of required indicators, but, above
all, the crucial problem of having to use different criteria of vulnerability
per any chosen level of the soeio~systemic complexity.

Employing only one common criterian for assessing the vulnerability related~
state of all the sociosystemic components of interest would be a better
"strategy. But we have to find something which could Fit this goal. In
this perspective, our preliminary working hypothesis is that the degree of
(in)determinacy of the structural state of a socisl (sub)system could be
functionally related to its overall degree of social vulnerability (Pelanda,
1980} .

In the following and final section, we will try to suggest some tentative
congliderations about the hypothetical possibility of employing.an indicator

of the degree of sociostructural (in)determinacy, for assessing the .overall
level of vulnerability of a social (sub)system. The discussion will be neces-
sarily short and incomplete because of the tentative and preliminary nature

of our untested hypothesis, .

5. SOCIOSYSTEMIC VULNERABILITY AND BOUNDED INDETERMINACY: A TENTATIVE AND
FRELIMINARY APPROACH .

 The problem is to find only one indicator of vulnerability .which can be com~
patable with any structurally relevant component and/or level, placed along

the continuum of soclosystemic complexity. If one believes in the possible

existence of such an indicator, them the preliminary methodological step 1is

to identify the simplest, theoretically acceptable dimension which could

fit any element of the system(s) under analysis. Our point of wview is that

the degree of (in)determinacy in the structural relations among social sys—

tem, subsystems and components could be functionally related to their degree
of sociologically relevant vulnerability. A necessarily short general dis—~

cussion justifying this tentative approach is required.

. We define a social system as a particular type of cybernetic system in which
all the components are interconmected and have a certain degree of autonomy
(for a general discussion see Buckley, 1968; Katz, 1981). By logic, the
behavior of any compomnent could be viewed as totally determined or relatively
undetermined or teotally undetermined.
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If the behavior of all or many of these components is highly undetermined,

we could say that the structural state of the system is characterized by

high levels of disorder and unmpredictability in its functional connections.
The opposifeAsituation could be viewed as a state in vhich the behavior of any
component is highly determined and therefore the structure is extremely rigid.
A great amount of structural rigidity implies that there is not sufficient
elasticity for absorbing some possible umexpected event. - ’

Let us assume two systems whose structure is characterized by, in the first,
extreme indeterminacy, and, in the second, extreme determinacy. In both
cases we could predict that, for different reasons, there is a similar high
level of wvulnerability. 1In the first case, because there i1s a lack of struc-
tural control over those social and environmental processes which potemtially
can lead the system to a disaster situation. In the second case, because

the structural organization has not sufficient variety {(e.g., alternatives)
for adaptively reacting to an unpredicted event.

This abstract consideration implies that there is an optimal level of indeter-
minacy in the structure of a system, where a sufficient degree of variety com-
bined with.a high but not extreme level of order (determinacy), maximizes the
probability of reacting to the actualization of an wunpredicted event, by adopt~
ing the required elasticity. We define this optimal level of indeterminacy as
"vounded indsterminacy” (see: Katz, 1974; Pelanda, 1980). We can measure the
degree of indeterminacy of the structure of a given system along & continuum

of indeterminacy - determinacy (i.e., 0 = MAX, indeterminacy; 1 = max. deter-
minacy). We assume that there exists an interval along this continuvem called
"bounded indeterminacy”, in which the system's structure maximizes the required
levels of both variety and organization for minimizing or avoiding all types

of potentially destructive events. If the system's structural state goes be-
yond the limits of bounded indeterminacy towards the extremes of both deter-

minacy (rigidity) or indeterminacy (disorder) then its degree of vulnerability
raises.

Let us give some conceptual examples for clarifying the latter statement. One
of the smallest units of social structure are roles. They could be viewed as
packages of expected and socially enforceable behavior. Their interaction
makes up role systems (see: Katz, 1974)., If we observe some individuals who
are playing social roles, we could find that the interaction 1s funmctional

or possible as long as the role~playing remains within the socially defined

¢ 1imits. If the role-playing goes bevond these limits in the direction of both

. extreme indeterminacy and determinacy; a dysfuncticn in the involved social
interaction is more likely to occur.

Let us change the level of observation and let us assume, from a macroscopic
point of view, that a social system reproduces its structure over time. If
there is a rigid (i.e., highly determined) reproduction of the original
matyix we could say that such a social system is at a steady state, and it
does not increase its levels of variety, organization, development. If

the process of reproduction generates a new structure which is highly dif-
ferent from the former one we could say, roughly speaking, that the social .
system has lost 1ts structural stability at a certain point over time. In
both cases, we could predict an extremely high level of social vulnerability.
Tn the first case, this could be because of the rigidity in the structural
dynamics. In the second case, this would be because of too high an un~
certainty in the social processes. Only a bounded change from the former
structural state makes a social system able to increase 1ts levels of organi-
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zation and variety maintaining, at the game time, its already established
structural stability. In cther words If a structural change occurs within
the limits of bounded indeterminacy we assume that it maximizes the organ-
izational resources for coping with all the events which could lead the
system below the threshold of minimum viability,-

In general terms, if we observe the behavior of an organization we could find
that both extreme determinacy (e.g., centralization, rigid hierarchy) and
indeterminacy in the structural connections among components produce some
dysfunction. The situation in which any component has a relatively high,

but structurally bounded degree of freedom, maximizes the probability of
avoiding or minﬁmizing the organizational collapse under unexpected tasks.

The function of a limited degree of indeterminacy in the structure of systems
is well known in both the daily experience of engineers and planners and
in the scientific work undertaken with systems. In the latter sector, par-
ticularly, the recent evolution of all the scientific disciplinesa shows a
great interest about the role of indeterminacy in the life of both man-made
and natural systems. We can only mention some examples incidentally in the
context of this paper. '

How a system maintains or increases order in its interaction with environ-
mental variations is an important question in many disciplines. Von Foerster
(1960), criticizing the Schrodinger's (1945) principle of the "order based
on order" observed that a self-organizing system does not feed only upon
order and formulated the principle of "order based on disorder™ (i.e., noise,
indeterminacy). One of the basic findings in the first developments in the
sclence of cybermetics, was an assertiom, that as an automaton -increases

its complexity, a certain quantity of indeterminacy (e.g., redundance and
delocalization 'of both the functions and the componenis) is required for
maximizing its probability of adaptation to a perturbation (see: Von
Nuemann, 19563 Winograd, 1963; Cowan, 1965) .This latter consideration is
at a certain degree related to the Ashbyo(lSSS) law of "requisite variety."
Atlan (1972), generalizing a finding which Eigen (1972) obtained in bio~-
chemistry, formulates the principle of "noise (i.e., indeterminacy) as a
principle of self-organization.” It states that a certain degree of inde-
terminacy in the structural processes of a self-organizing system is a re-
quired pre-condition for transforming a perturbing event by generating an

. increasing level of organization, complexity and variety. Closer to our

. purposes, a soclological hypothesis suggests that "...indeterminacy needs to
be, and can be,. explicitly incorporated into theories that describe the
structure of systems. (We do it) by proposing that there exists a phenome-
non of bounded indeterminacy within many systems. The boundedness, i.e.,
the limits within which there exists indeterminacy, can be specified pre~
cisely while at the same time, accepting the unspecifiability of what lies
within these limits" (Ratz, 1979: 394).

Going back to the specific topic of this paper, from our point of view the
probability that a perturbing event (i.e., disaster, threat) will activate
a process of increasing organization in the involved social (sub)system is
the key dimension which defines its overall degree of social vulnerability.
Our hypothesis is that a social (sub)system®s state, in which all the’
structurally relevant components are operating within the limits of bounded
indeterminacy, maximizes this probability.

The main assumptipnvbf thisfapproach is that such a structural state is the

.
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optimal pre-condition for having the maximum availability of the required

organizational resources for coping with all the potentialiy destructive
events. ‘

To synthesize we believe that:

A) There is a theoretically justifiasble possibility: for measuring the
degree of (in)determinacy of all the chosen structurally relevant
components of a social (sub)system.

B) The probability of both maintaining order and increasing organization
ingide a social (sub)system under perturbation, could be seen as a
function of the degree of (in)determinacy in which it and its com-
ponents operate during the "normality" phase.

If we assume a continuum O -»1 along which we can measure the degrees of both
social wvulnerability and structural (in)determinacy, trhen our hypothesis
could be represented as follows:

Fig. 4 HYPOTHETICAL RELATIONSHIP BETWEEN VULNERABILITY AND INDETERMINACY

1\ IAX 1
. DEGREE OF
VULNERABILITY
e H :
0 ' BOUNDED 1 _
MIN . "INDETERMINACY: MAX - T

DEGREE OF DETERMINACY —=)

According to our preliminary and rough conceptualization, we assume that the
overall vulnerability of a social (sub)system and its components is at a-
relative minimum when their structural dynamlcs operate within the limits of '
bounded indetermanacy (see fig. 4). Such a structural state maximizes the
(sub)system's and components' probability of absorbing a perturbation (or
_threat) by generating positive social change and increasing organization
‘variety. The related statement we propose to subject to falsification asserts
that: 1f the dynamics of all the structurallv relevant sociosystemic com~
ponents operate within the limits of bounded indeterminacy,” then the overall
degree of social vulnerability is at a relative minimum.

Going back to the starting point of this section, we believe that the degree
of sociosystemic (in)determinacy could be the best single dimension or in~ -
dicator of upper level, for assessing the overall structural vulnerability of
a social (sub)system, for any type of possible disaster. This is a tentative
and only a conceptually based approach. In future work we will try to falsi-
fy/verify this preliminary hypothesis. Meanwhile, we believe that it might
serve as a heuristic tool for developing holistic and concretely manageable
methodologies of scciostructural wvulnerability analysis. To firnd the most
powerful and simplest indicator of social vulnperability is one of the main pre-
liminary goals for applying disaster minimization strategies.
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Figure 2. ROLE AND INTERACTION OF 'IHREE‘ LEVELS OF SOCIOSYSTEMIC VULNER-
ABILITY IN DETERMINING THE OVERALL SUBSYSTEM"'S VULNERABILITY
AND DISASTER RESPONSE.
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Figure 3. REPRESENTATION OF A THREE-STEP MEASUREMENT PROCESS FOR THE

ASSESSMENT OF THE OVERALL SUBSYSTEM'S SOCIOSYSTEMIC VULNER-
- ABILITY. :
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FOOTIOTE

1. Four vears after the impact, less than 50% of the houses have been re-
built, while about 49,000 disaster victims still live in a2 temporary housing
system. The disaster area communities show differential trends. Those al-
readv developing in the pre-~impact period have had an acceleration of their
economic and urban improvement dynamics, while those already marginalized
(e.2., mountain communities) have tended to increase their degeneration or
to have maintain a steadv under developed state. For the sociologically
relevant history of the Friuli earthauake, see Geipel, 1977; Strassoldo and
Cattarinussi, 1279%; ™, Strassoldo, 1%72: Tellia, 1979).
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