ENSURE PROJECT

ensu re Contract n° 212045

WP 1:

State-of-the-art on vulnerability types

Del. 1.1.2-1:

State-of-the-art on vulnerability of territorial
systems — The case of hydro-geological
hazards

Reference code: ENSURE - Del. 1.1.2-1

The project is financed by the European

Commission by the Seventh Framework WX i *
Programme ,: :
“COOPERATION _ Area “Environment M

Activity 6.1 “Climate Change, Pollution and Risks”




Project Acronym: ENSURE

Project Title: Enhancing resilience of communities and territories facing natural and na-
tech hazards

Contract Number: 212045

Title of report: Del: 1.1.2-1: State-of-the-art on vulnerability of territorial systems — The
case of hydro-geological hazards

Reference code: ENSURE — Del. 1.1.2-1

Short Description:

Authors and co-authors: HUA (K. Sapountzaki, M. Dandoulaki, L. Wassenhoven, Y.
Melissourgos, K. Vikatou), UNINA (A. Galderisi), MDX (D. Parker, J. Handmer), POLIMI (S.
Menoni).

Partners owning:
Contributions: HUA, UNINA, MDX, POLIMI.
Made available to: All project partners, European Commission

Versioning

Version Date Name, organization
0.1 27/01/2009 HUA

0.2 13/03/2009 HUA

0.3 04/09/2009 HUA

Quality check

Internal Reviewers:




oS

This work is licensed under the Creative Commons Attribution-NonCommercial-
ShareAlike 2.5 License. To view a copy of this license, visit:
http://creativecommons.org/licenses/by-nc-sa/2.5/ or send a letter to Creative
Commons, 543 Howard Street, 5th Floor, San Francisco, California, 94105, USA.

@creative
ommons

COMMONS D

Attribution-NonCommercial-ShareAlike 2.5

You are free:

» to copy, distribute, display, and perform the warlk
& to make derivative works

Under the following conditions:

Attribution. You must attribute the work in the manner specified by
the author or licensor.

MNoncommercial. You may not use this work for commercial purposes.

Share Alike. If yvou alter, transform, or build upon this work, you may
distribute the resulting work only under a license identical to this one.

» For any reuse or distribution, you must make clear to others the license terms of

this work.
& Any of these conditions can be waived if you get permission from the copyright

holder.

Your fair use and other rights are in no way affected by the above.



http://creativecommons.org/licenses/by-nc-sa/2.5/

Table of contents

0o [T o o PP 7
1.1 ODJECHIVES ..evvruiiiiiiiiiieeire s s e s s e e s e s re s s s e rae e s s e eas s s s e rasa e s e ersn e s e arnnnneaenns 9
1.2 Conceptual Approaches to Territorial Vulnerability.......ccccoevueiiiiiiiiiiiiic s 12
1.2.1 Schools of vulnerability definition and content ...........coiiiiiiiiiiieneeene, 12
1.2.2 The “land-use planning” oriented approach (by UNINA and POLIMI).......... 14
1.2.3 Floods: The Middlessex University analysis ..........cceueermiiinrireerememnnnnen e 22
1.2.4 UNDP, ESPON, Munich Re and HUA ..........cooiiiiiiieiiiie e e 25
1.2.4.i Vulnerability Conceptualization in the context of the “Disaster Risk Inde>§”
................................................................................................................... 5
1.2.4.ii The Concept of Territorial vulnerability in the ESPON Hazards Project ..25
1.2.4.iii Physical Vulnerability at Mega-city Scale: The Munich Re Approach .....27
1.2.4.iv Seismic Vulnerability of Micro-territories: The HUA Approach .............. 28

1.3 Methodologies Assessing Territorial Vulnerability.........cccoovviiiiiiiiiiiie s 29
1.3.1 Identity of the MethodOlOgIesS .......cuuvviiiiriiiiiiiiii s 29
1.3.1.i REGIONAI |EVEL ... e 29
1.3.1.ii Functional Urban Area (FUA) or Metropolitan level; ........ccccovvvuiiiennnnnns 36
1.3.1.iii Neighbourhood leVel; ........cooiiiiiiiiiiiiie e e 42
1.3.1.iv Adhoc Spatial Scales for Territorial Vulnerability to Floods ................. 48
1.3.2 Appropriateness of Parameters / Indicators Used in Assessment
1= 0T (o] (oo 1= PRSP 55
1.3.2.i The Disaster Risk Index Model ..........ceevuiiiiiiiiiiiiieiiin e eeens 55
1.3.2.ii The model of the ESPON Hazards Project ........cccevvuieiiveviiiieeinnineseennan, 56
1.3.2.iii Physical Vulnerability at Mega-city Scale: The Munich Re Approach.....57
1.3.2.iv The approach of Seismic Vulnerability of Small Manufacturing Firms in
WeStern AtNENS ......ooivei i e 57
1.3.2.v The approaches of Territorial Vulnerability to Floods ............cccceevieennee. 58

1.4 The Impact of the Pattern of Spatial Development on Territorial Vulnerability ...58
1.4.1 Insular and REMOLE Ar€aS .......civeieruiiiiriiiiiierrrs e s e s 58
1.4.2 Spatial Pattern Factors affecting Territorial Vulnerability to Floods.............. 65
1.5 Institutional and Territorial Vulnerability .........ccoceviiiiiiiiiiiicii e 67
1.5.1 Vulnerability t0 FIOOdS ......ccvuiiiiiiiiric et 67

1.5.2 Urban vulnerability and emergency planning in earthquake-prone regions:
The pilot Greek project “Multidisciplinary investigation for antiseismic planning of
Cities 0N ACtiVE faUIES”.......ci e 68

1.6 Interdependencies and Overlaps among Territorial and Systemic, Socio-
economic, Physical Vulnerabilities. ........coocuiiiiiiiiiii e 75



1.6.1 The complexity of relationships between vulnerabilities...........ccceeveennrrennn. 75
1.6.2 The case Of floOdS.......uuiiiiiiiiiiiiiiiie e e 76
1.6.3 Conclusions from the Approach to Seismic Vulnerability of Small
Manufacturing Firms in Western Athens.........ccoviveeiiiniiiiineeri e 77
1.7 General CONCIUSIONS .....ccvvuiiiiiineiseeris s e s e e s s e s e e e s e s s e e s s e ernneaeees 78
1.7.1 Approaches to Territorial Vulnerability: Advancements and future challenges
...................................................................................................................... 78
1.7.2 Territorial Vulnerability and territorial capital..........cccccooviviviiiiiiiiiiiiiccin, 82

22 =] =] 10 88



List of figures

Figure 1: Improving the resilience of urban systems to disasters: phases and actions

......................................................................................................................... 18
Figure 2: The Hazards-of-Place model of Vulnerability..........cccoeeeviiiiiiiiiiiiniiiieennn, 27
Figure 3: Vulnerability of several Megacities according to the Munich Re approach .37
Figure 4: Island vulnerability and coping capacity .........ccoeeviiriiiiiiiiiinin e, 60
Figure 5: Island vulnerability and coping capacity components as well as policy
CONSIAEIALIONS ...ceviiiiieerte e e e e e s e n e e s e ena e s e ernnaeaeens 61
Figure 6: Chios, Kos and Nissyros islands as closed (A) and open (B) systems........ 64
Figure 7: Building vulnerability in the city of Pyrgos ......ccccccccvviiiiiiviii e, 70
Figure 8. Accessibility of the road network of the city of Pyrgos after earthquake
(0 Y= 1 = PRI 70
Figure 9. City sectors and proposed assembly points in the city of Pyrgos .............. 71
Figure 10. Seismic faults in Patras City .....c...eueeeii e 72
Figure 11. Population distribution in Patras City.......cccccciiiiiiiiiiicic e, 73
Figure 12. Emergency city sectors and proposed assembly points in Patras city ...... 73
Figure 13. Critical and vulnerable facilities in Patras City ........cccccvmveiiiiiiiieciinnnnn. 74
Figure 14. Post-earthquake adjustment of the road network..........ccceeeevveevnieneennnn, 74
Figure 15: Sources of territorial capital according to Camagni (2007).......cccceeveennen. 85

List of tables

Table 1: Critical Vulnerability Indicators for Earthquake, Flood and Cyclone Hazards

......................................................................................................................... 31
Table 3: Lifelines vulnerability assessment to earthquakes ...........ccovveveiiiiiiiiinennnns 35
Table 4: CIPE-MURST methodology for City-Metropolitan level Vulnerability Mapping
with reference to Earthquakes.........coooveiiiiiiiiiii e 37
Table 5: Systemic Vulnerability in Italian Historical City-Centres........ccoeeevvvevvniinens 39
Table 6: Assessment of historic centres vulnerability to earthquakes..........cccc........ 41
Table 7: Neighbourhood Vulnerability to mud flows .........cccooeeiiiiiiiiiiiiieeee, 42
Table 8: Neighbourhood Vulnerability to Na-techs.........c...ueieiiiiiiiiiii e 43
Table 9: Urban vulnerability assessment in a developing country adopting the POLIMI
4= oo [0 (o | PP 45
Table 10: Parameters/indicators according to scale of territory ..........eueeieiiivieennns 49

Table 11. Correlations between elements of vulnerability and elements of territorial
(or= ] o - | PP 87



1 State-of-the-art on vulnerability of
territorial systems — The case of hydro-
geological hazards

Introduction

The notions of “territory” and “territoriality” have undergone a noticeable change from
a static view to a more dynamic approach, which stresses the concept of territory as
a social and political construction and or as a spatial entity possessing territorial
capital. It is no longer sufficient to assume that “all social relations are organized
within self-enclosed, discreetly bounded territorial containers”, i.e. to endorse the
“methodological territorialism” approach, to use Neil Brenner's words (Brenner 2004,
38). It is more productive to view the territorial unit as one which has been the
product of a complex set of forces, i.e. a “social and political construction”, which has
produced a particular form of “territorial capital”’. In the ESPON Glossary, appended
to the final report of ESPON project 3.1, reference is made to a definition of “territory”
as an “appropriate space”: “Whatever be the scale taken into consideration, Europe,
State, Region, Village, it has been built either by history or by institutions or else by
collective logics, or by all these elements together. It implies a notion of identity,
authority and, increasingly, a notion of planning” (ESPON project 3.1 2004).

The governance of a territorial unit and the protection and development of its
territorial capital require collective action, going beyond the traditional public
administration initiatives. The notion of territory which we propose to adopt follows
the analysis of the final report of the European Commission’s ESPON 2.3.2 project of
territorial governance, of which we quote here an extract.

“According to a wide international literature ... territory is a complex concept. It
can be considered as a complex set of values and resources, a common good
of fixed assets, material and immaterial, an exhaustible resource, a political and
economic ‘fact’, a ‘social construction’ deriving from the collective action of
groups, interests and institutions ... The main definitions of territory that allow to
deal with the issues highlighted in the international debate on governance are:
the territory as a ‘social and political construction’ and the territory as ‘territorial
capital’” (ESPON project 2.3.2 2006, ch. 1.3).

“According to Bagnasco and Le Galés (2000), the concept of the territory as a
‘social and political construction’ mainly stresses the collective action, that is the
actions, undertaken by a set of actors, that are related to the solution of a
collective problem. The collective action springs from groups, organised
interests and territorial institutions mobilisation, in a process in which actors’
interactions can lead to different results (confrontation, cooperation, conflict)”
(ESPON project 2.3.2 2006, ch. 1.3).

Camagni identifies, from an economic point of view, the notion of territory as an
asset, i.e. as capital, which is simultaneously:

o “A system of localized ‘technological’ externalities;

0 A system of localized know-how (historical productive ‘vocations’);



o0 A system of economic and social relations (relational capital or social capital)
resulting in a reduction of risks, transaction costs, uncertainty in innovation
processes, facilitation of ‘collective actions’ by private actors;

o A system of local governance, resulting in easier implementation of local
strategies and more efficient bargaining processes with external firms”
(Camagni 2005).

Our approach also draws on the analysis of the concept of “territorial cohesion”, now
incorporated in the draft of the Lisbon Treaty of the European Union. Territorial
cohesion, as Davoudi (2005) has remarked, implies, among others, the protection of
a territorial unit's welfare, somewhat like the protection of the social welfare of
individual citizens, embodied in the policy of social cohesion. In other words, as we
aim, through a policy of social cohesion, at protecting individual citizens, from the
vagaries and fluctuations of the free market, so that, within a given territory, they all
enjoy the same social protection, we should also aim, through a policy of territorial
cohesion, at protecting each territorial unit and place, by enhancing and maximizing
its potentialities, i.e its territorial capital (Wassenhoven 2008, 254). It follows that
“territorial vulnerability” can be viewed as a condition affecting these potentialities, i.e.
all the elements of territorial capital. This allows a freedom of analysis extending
beyond mere “physical” vulnerability and encompassing all aspects of territorial
vulnerability.

The concepts of territorial vulnerability and territorial capital will be discussed further
in the sections on objectives and on conceptual approaches. Territorial vulnerability
is a concept virtually unknown and unused in the literature. In the introduction, we
limit ourselves to quoting Wisner et al. (2004) on vulnerability and then Cutter on a
notion akin to territorial vulnerability.

“By vulnerability we mean the characteristics of a person or group and their
situation that influence their capacity to anticipate, cope with, resist and recover
from the impact of a natural hazard (an extreme natural event or process). It
involves a combination of factors that determine the degree to which someone’s
life, livelihood, property and other assets are put at risk by a discrete and
identifiable event (or series or ‘cascade’ of such events) in nature and in
society” (Wisner et al. 2004, 11) (ltalics in the original).

The failure to link vulnerability and territory is surprising, all the more so since Susan
Cutter had introduced her “hazards of place model of vulnerability” as far back as
1996, a model with a clear territorial conception. As she put it, “while vulnerability as
potential exposure or social response pervades the literature, a third dimension is
emerging that combines elements of the two, but which is inherently more
geographically centred. In this perspective, vulnerability is conceived as both a
biophysical risk as well as a social response, but within a specific areal or geographic
domain. This can be geographic space, where vulnerable people and places are
located, or social space, who in those places are most vulnerable [sic]” (Cutter 1996,
533).

Territorial capital is a novel concept on which little has been written so far. Camagni
refers to it as a concept “that, strangely enough, has only recently made its
appearance, and has done so outside a strictly scientific context” (Camagni 2007, 3).
A most quoted definition is that given in an OECD (Organization for Economic Co-
operation and Development) report, in a comment on the factors determining
territorial capital:



“These factors may include the area’s geographical location, size, factor of
production endowment, climate, traditions, natural resources, quality of life or
the agglomeration economies provided by its cities, but may also include its
business incubators and industrial districts or other business networks that
reduce transaction costs. Other factors may be ‘untraded interdependencies’
such as understandings, customs and informal rules that enable economic
actors to work together under conditions of uncertainty, or the solidarity, mutual
assistance and co-opting of ideas that often develop in clusters of small
medium-sized enterprises working in the same sector (social capital). Lastly,
according to Marshall, there is an intangible factor, ‘something in the air’, called
the ‘environment’ and which is the outcome of a combination of institutions,
rules, practices, producers, researchers and policy-makers, that make a certain
creativity and innovation possible” (OECD 2001, 15-16).

In this document we espouse the view that the parameters used in the definitions of
vulnerability and territorial capital have a great deal of similarity which can prove
fruitful in the analysis of territorial vulnerability. The components of territorial capital, if
appropriately identified, can be shown to constitute not only an area’s development
potentialities and ability to grasp opportunities, but also its capacity to cope with, and
successfully counter, adversities generated by external shocks. Hence, they can
explain its fragility in the face of risk and/or its readiness to overcome disasters and
recover from damage and stress. Territorial capital is a shield against vulnerability,
but, inversely, its deficiencies and/or inadequacies are conducive to territorial
structural weakness and vulnerability. The challenge is therefore to formulate
territorial capital conceptually and operationally in a manner which serves the
analysis of territorial vulnerability.

1.1 Objectives

The present review does not attempt to exhaust the list of authors that have used the
term vulnerability and Territorial Vulnerability in particular (besides territorial
vulnerability is not yet a popular term). Neither does it intend to analyze at length the
numerous interpretations of the term one by one. Such a task would necessitate an
extremely lengthy report, long time and costly efforts. Such a report has been
produced by Villagran de Ledn (2006). In any case it would not serve the principal
objective of this project, i.e. the construction of an integral and holistic operational
framework to localize and spatialize vulnerability to natural / environmental hazards
and contain or control the root causes and underlying mechanisms which set in
motion the production and transference of vulnerability.

Therefore, the present review aims instead at:

(a) Grouping the conceptual approaches to vulnerability (territorial vulnerability in
particular) in order to identify major lines of thought or epistemological paradigms;

(b) Presenting in detail and criticizing representative or “original” methodological
examples of the above paradigms; these original cases are selected on the basis
of one or more of the following criteria:

e They are widely known or enjoy some sort of supra-national, European or
international acceptance and consensus (e.g. they are the product of
research of international or EU organizations);

e They have produced theoretical formulas which have been tested and/or
applied by using as input reliable statistical datasets to yield tools useful
for risk management policies;

e They are up-to-date refined versions of older approaches;



10

e They are approaches resulting from recent research work carried out by
the partners of ENSURE or generally the research communities of the
respective countries.

The explicit use of the term Territorial Vulnerability has not been a strict and binding
condition for the eligibility of the cases selected as examples. It has been considered
that pertinent terms, such as Regional Vulnerability, urban vulnerability, area
vulnerability geographical vulnerability, vulnerability of place, vulnerability of
neighbourhood, district, a human-ecological system etc. denote socio-spatial units
approximating more or less the concept of territory.

Apart from the general and principal objectives of the review, its structure and
content serves and reflects a whole series of more specific targets:

1.

To collect and present both hazard-specific and non hazard-specific
approaches and empirical methodologies; in the latter case to include
methodologies representing the widest possible range of hazards;

To criticize approaches and methodologies in terms of their appropriateness,
reliability, inclusiveness, feasibility, specificity, applicability, effectiveness,
usability, efficiency and simplicity as tools for risk policies;

To address interrelations and interdependencies between territorial and other
versions of vulnerability (i.e. physical, socio-economic, ecological, systemic,
institutional);

To search for interrelationships between territorial vulnerability and other
relevant attributes and concepts, like exposure, resilience, adaptive capacity,
coping capacity etc.;

To search for the multiple dimensions and forms of territorial vulnerability with
respect to the types of potential losses, timing of vulnerability occurrence as
regards the phases of the disaster cycle, spatial scales of reference etc.;
furthermore to reveal how the dimensions and forms of territorial vulnerability
are integrated or possibly combined with each other;

To investigate the dynamics of territorial vulnerability, i.e. its transformation to
other versions, transference to other territories or non-spatial agencies,
increase of future vulnerability for the sake of reduction of present
vulnerability and so on.

Responding to the above targets the Chapter on territorial vulnerability has been
structured to include:

>

>

a sub-chapter on conceptual approaches referring basically to the major
epistemological paradigms (sub-chapter 1.2);

a sub-chapter on concrete and applied methodologies —indicative of the
prevailing paradigms- that incorporates both the description / presentation of
the methodologies and critical comments (sub-chapter 4.3);

a sub-chapter on special cases of geographical space calling for particular
attention (insular and remote areas, zones and areas vulnerable to Na-techs
and other multi-risk situations, natural areas and built areas or settlements of
environmental, historical, architectural value, especially those designated as
protected, illegal land developments etc); also on specific territorial issues
affecting vulnerability, such as territorial dynamism, wider spatial influence
(administrative, economic, social, symbolic) of particular areas, the potential
to attract and mobilize external resources, land market dynamics,
development pressures and urban decline, also planning and building
regulations and interventions that impact on territorial vulnerability (sub-
chapter 4.4);
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» a sub-chapter dedicated to the strong relationship between institutional and
territorial vulnerability with special interest in vulnerabilities of Emergency
Response and Relief Mechanisms, Institutions and Processes for Recovery
and Reconstruction, Formal and Informal Insurance and Assistance
Mechanisms and the perceptions of vulnerability by the public
administrations, the political elites and civil society (sub-chapter 4.5); and
finally

» a sub-chapter addressing the interactions and relationships (or overlaps)
between territorial and other versions of vulnerability (sub-chapter 4.6).

The importance of the spatial scale of reference has been acknowledged by dividing
the sub-chapter on “Identity of Methodologies” (4.3) into four paragraphs addressing
separately methodologies at Regional, Functional Urban Area, Neighbourhood and
Building Block level. Special attention to the hazard type is not reflected in the
structure of the Chapter because several of the methodologies are non-hazard
specific or refer to groups of hazards.

The present chapter, on vulnerability of territorial systems, is expected to outline the
theoretical and experimental advancements regarding conceptualization,
interpretation and evaluation of territorial vulnerability for the purpose of improving
vulnerability coping strategies at international, European, national, regional and local
level. In simple words this means that grading, indexing, and mapping relative
vulnerability levels is far from sufficient; what is actually needed is to reveal and
localize the root causes, producing mechanisms and spatial and temporal routes of
vulnerability. Failing to do this, the study will capture only the symptoms of
vulnerability and will not contribute to combat the always existing but aggravating
fragility of contemporary territories.

Our ambition in this project is to move beyond the confines of past research and the
existing conceptualization of vulnerability, by exploring its territorial dimension and
the links of the latter with environmental, economic, social, institutional and other
vulnerabilities. We firmly believe that for this purpose we must open our research
horizon to other social science fields, which have turned their interest to the
investigation of territoriality and territorial relations. By doing so we can bring into the
study of vulnerability, in particular territorial vulnerability, a wealth of theoretical
concepts, tools of analysis and methods, which are the product of scientific work in
human geography and spatial studies.

In order to further our understanding of territorial vulnerability, provide support to its
conceptual validity and enrich its content, we explore among others the use of the
notion of territorial capital. Admittedly, this too is a fairly new and little explored
concept. But it has the advantage of having originated from a rich field of theoretical
studies on “space”, not as a static, descriptive concept, but as a dynamic factor of
sustainable economic and social development. The spatiality of human activity is now
viewed in a territorially systemic perspective, which looks at “space” as a system that
amounts to much more than the sum of its constituent elements. In operational and
policy-making terms, it is now accepted that public and non-public interventions must
be placed in a territorial context if they are to be better integrated, coherent and
coordinated. The recent emphasis in European Union policy on the importance of
territoriality and on the slogan that “Geography Matters” is not just a matter of
terminological innovation, but rather recognition of the economic, social,
environmental, cultural and symbolic importance of space. This policy orientation is
best illustrated by the emphasis on territorial governance and on territorial cohesion,
now given equal status with economic and social cohesion.



12

We consider it therefore an important objective of our effort to explore territorial
vulnerability to exploit to the full the possibility of using the concept of territorial
capital, its content and components as an analytical and subsequently operational
tool. As mentioned in the introduction, we need a reformulation of the concept, which
was originally conceived in relation to development prospects and potential, to suit
the needs of conceptualizing, measuring and operationalizing territorial vulnerability.
More specifically, we must examine and redefine first and foremost the components
of territorial capital from a vulnerability perspective.

However, before deliberating about the relations between vulnerability and territorial
capital it is necessary to trace the paths and advancements of vulnerability
conceptualization and assessment, particularly those referring to space, place and
other alternatives of territory at all possible scales and levels (international, supra-
national, national, regional, urban, local, district, neighbourhood etc).

1.2 Conceptual Approaches to Territorial Vulnerability

1.2.1 Schools of vulnerability definition and content

Despite sustained efforts to understand, defining and assess vulnerability the term
remains uncertain and ambiguous as regards its meaning and operational content.
This is evident by the fruitless efforts of numerous authors to arrive at a consensual
definition and by the discrepancies among the descriptions and analyses of the
constituent elements of vulnerability. Timmermann (1981) posited that “vulnerability
is a term of such broad use to be almost useless for careful description at the
present, except as a rhetorical indicator of areas of concern”. According to Fussel
and Klein (2006) important conceptual and semantic ambiguities and disagreements
refer to the following queries:

v" Whether vulnerability is a static or a dynamic concept;

v Whether it is an inherent property of a system (independent of the external
threat) or contingent upon a specific scenario of external stresses and internal
responses;

v' Whether it should be defined in relation to an external stressor or in relation to
an undesirable outcome (i.e. specific types of losses);

v" Whether vulnerability should be the starting point, an intermediate element or
the outcome of an assessment.

One could add some more queries such as:

v" Whether vulnerability can be assessed by quantitative procedures and what
then would be the use of and benefits from the relevant numerical results; or

v What are the processes and agencies producing, transferring and carrying
vulnerability; or

v" How does vulnerability changes and moves in time and space (given that it is
a dynamic condition) (Sapountzaki 2005); or

v" How vulnerability of upper levels relates to vulnerability of lower levels; or
how vulnerability of recovery periods relates to past (pre-disaster and
emergency vulnerabilities) and future vulnerabilities (i.e. pre-disaster in
connection to the next catastrophic event).

Fussel and Klein (2006) by recalling Liverman’s words (1990) and extending his line
of thought note that “vulnerability has been related or equated to concepts such as
resilience, marginality, susceptibility, adaptability, fragility, risk, exposure, sensitivity,
coping capacity and criticality”. Of the very many definitions one can find in the
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international literature (Musser 2002; Villagran de Ledn 2006) the following might be
selected as covering well the case of territorial vulnerability:

“The propensity of a society to experience substantial damage, disruption and
casualties as a result of hazard” (OECD-DAC 1994).

“Vulnerability concerns the complex of social, economic and political
considerations in which peoples’ everyday lives are embedded and that
structure the choices and options they have in the face of environmental
hazards...” (Bolin and Stanford 1998).

“The level of exposure of human life, property and resources to damage from
natural hazards” (NOAA - Coastal Services Center n.d.).

“A system’s susceptibility to change as a consequence of an extreme event”
(Sarewitz and Pielke 2000).

“The degree to which a system is sensitive to and unable to cope with
adverse impacts of global change stimuli. Vulnerability is therefore a function
of a system'’s exposure to global change stimuli and its adaptive capacity, that
is its ability to cope with these stimuli” (Potsdam Institute for Climate Impact
Research, project EVA, 2004).

“The degree of susceptibility to a natural hazard” (Lewis 1999).

“An aggregate measure of exposure to risk and its consequences” (University
of Oxford, Report of the Seminar on Vulnerability, 2000).

“Vulnerability analysis and assessments select a particular group or unit of
concern (e.g. boreal forest ecosystems, coastal communities etc) and seek to
determine the risk of specific adverse outcomes of that unit in face of the
variety of stresses and to identify a range of factors that may reduce response
capacity and adaptation to stressors” (Potsdam Institute for Climate Impact
Research 2002).

Fussel and Klein (2006) suggest that despite differences one can distinguish three
basic models or schools of vulnerability conceptualization and assessment:

1.

The first is consistent with the Risk-Hazard methodological framework or
rationale and is characteristic of the technical literature on risk and disaster
management. It conceptualizes vulnerability as the dose-response
relationship between an exogenous hazard to a system and its adverse
effects (see also UNDHA 1993; Dilley and Boudreau 2001; Downing and
Patwardham 2003).

The second is the model of Social Constructivism and prevails in Political and
Human Geography. It views (social) vulnerability as an a priori condition of a
household or a community that is determined by socio-economic or political
factors (Dow 1992; Blaikie et al. 1994; Adger and Kelly 1999). The studies
following this line of thought connect vulnerability with a causal structure
(beyond control by the individual social agencies) that explains the differential
abilities of communities to cope with external stress. Vulnerability according to
this view, seen as the socio-economic origin of differential sensitivity and
exposure, corresponds to the non-biophysical factors of the disaster process.
The third model is most prominent in climate change research. Vulnerability
according to this school includes an external dimension —which is represented
by the “exposure” of a system to climate variations- as well as an internal one
which comprises the system’s sensitivity and adaptive capacity to external
stressors (such as climate extremes). A distinctive example of this school of
thought is the “Hazard of Place” model by Cutter (1996), a model which aims
to integrate biophysical and social determinants of vulnerability.
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In 1996 Cutter had adopted a similar taxonomy of vulnerability approaches, one that
is focused on the probability of exposure (be it biophysical or technological), another
that focuses on the probability of adverse consequences and a third that combined
the first two options (i.e. the Hazard of Place model).

Indeed it seems that the first school puts emphasis on exposure either as the
principal element of vulnerability (almost identical with it), or as the pre-condition, i.e.
triggering factor for vulnerability to manifest itself. In the latter case exposure and
vulnerability (a purely technical or physical issue) are independent from each other
and interact with a hazard intervening to generate adverse impacts and losses.

The second school on the contrary (of social constructivism) views exposure as a
consequence or an implication of social vulnerability which is the root cause, the
origin of both exposure and disaster outcomes (risk). (Social) vulnerability precedes
and high exposure or low resistance follows as an inevitable outcome. In this sense
vulnerability is independent from the hazard, it is not hazard-specific, it is due to the
prevailing socio-economic and political relations and structures either local or
national, or international. On the other hand exposure is dependent on vulnerability, it
is a function of social vulnerability; however the reverse is not valid, i.e. vulnerability
is not a function of exposure. Exposure comes as the aftermath of vulnerability.

The third school of vulnerability conceptualization is familiar to geographers and
focuses interest on localities and places. It is also familiar to Climate Change
scientists. In particular it considers a place as an indivisible unity of the biophysical,
social and cultural elements of a specific geographical region or territory, an
undivided package of attitudes towards a potential threat. Therefore, the hazard
potential is filtered through the geographic context and the social fabric of the local
community to produce “Place Vulnerability”. The ultimate result is either moderation
or exacerbation of the hazard potential (i.e. risk). The intermediate catalytic factor of
this process is vulnerability. Hence, vulnerability is a function and the integrated
outcome of exposure, sensitivity and adaptive capacity of a locality or a territorial
unit. It refers mostly to geographic contexts, to climate change hazards, to a broad
range of impacts and losses.

1.2.2 The “land-use planning” oriented approach (by UNINA and POLIMI)

Closely related to the above third school of vulnerability is a group of other
approaches, which are still focused on localities and places, but are specifically
grounded on the viewpoint of the land use planner. As a consequence they address
those aspects of the vulnerability which are amenable exclusively through land use
planning at different scales. They are mostly to be found in some European and
Italian research Projects, such as the Armonia Project (Applied Multirisk Mapping of
Natural Hazards for Impact Assessment — 2004-2007), the Interreg [lIB SISMA
Project (Systems Integrated for Security Management Activities — 2004-2007) or the
Italian Project “The safeguard of historical, landscape and cultural values in the
Italian seismic areas” (2002-2004).

The above projects share the following basic positions and assumptions:

e There is a need to identify vulnerability parameters that are measurable (even
though not always quantitatively, at least semi-quantitatively).
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There is a need to clarify how vulnerabilities transform into damages when
the severe extreme event occurs.

The multidimensional character of the concept of vulnerability as
encompassing the full range of physical, functional, economic, social and
cultural factors, is at present widely recognized by the international scientific
community, but definitions and investigation methods are still very
heterogeneous, according to different scales of analysis and specific targets
of study.

There exists a relevant strong link and connection between physical
components of the built environment and other social, economic and
administrative ones.

A spatial planning approach contributes to devising methods and techniques
for risk analysis and to move the focus from the relation between hazard and
vulnerability of individual buildings or infrastructures towards the multiple
aspects of the vulnerability of a city or a territory, which can be more directly
tackled by spatial planning.

A common point of the planners’ approach to the concept of vulnerability is
the interpretation of cities and territories as complex, spatial systems. That
interpretation shifts attention from the individual elements of urban and
territorial systems to the organization of the system itself. In the field of risk
analysis, such an interpretation has led to focus on the role that the features
of spatial and functional organization of urban and territorial systems may
have on their propensity to be damaged by hazardous events. The concept of
damage was accordingly enlarged from immediate physical damage to long
and medium term functional and socioeconomic dislocation.

It is widely accepted that there is a need of understanding how non physical
variables influence physical vulnerabilities.

Urban and territorial systems can be interpreted as “performance” systems,
which have to supply specific services and satisfy the demand of
communities. In the field of risk analysis this calls for a focus on the potential
loss of efficiency of urban and territorial systems, i.e. on the loss or reduction
of the capability of a system to supply with ordinary and extraordinary
services a community hit by an hazardous event.

For their research work, which is presented in this chapter in parallel with the
respective work of POLIMI, the research group of the Department of Urban and
Regional Planning of the University of Naples Federico Il (UNINA), relied on the
following inputs from prior theoretical analysis, which helped them to build an
approach to urban and territorial systems’ vulnerability, with the specific aim to
support land use planning strategies:

The Banerjee studies on the impact of earthquakes on the urban systems
(1982). Banerjee stressed the possible connections among the physical and
spatial characteristics of an urban system and its capacity of preventing the
disaster produced by the seismic impact. He underlined that “cities have been
designed with all kinds of goals in mind (....) but there is no record of a city
ever being designed to minimize earthquake disasters” (Banerjee, 1982). So
he identified resiliency, interpreted as the ability to absorb shocks, “as a
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theoretical goal for city design”. Furthermore, although pointing out that “it
may not be possible to specify any particular urban form which maximizes the
goal of resiliency”, he suggested some indicators pertaining “to the built
characteristics of the physical place itself, others concerning the
characteristics of people who inhabit or use the physical place”, e.g. system
redundancy, restorability, serviceability, occupancy, coping ability, critical
residents. These indicators were defined both as performance characteristics
of a resilient place, and as useful tools “to determine city wide priorities and
policy measures”. Other studies followed expanding further Banerjee’s work
on indicators and providing a clearer distinction between indicators related to
physical vulnerability of  settlements (characteristics of urban form,
accessibility etc) and indicators of functional vulnerability (e.g. redundancy /
replaceability or the presence of critical elements), interpreted as tendency of
the urban system “to not fully and rightly accomplish its function also without
any damage to one or more elements constituting it” (Fera, 1991). Urban
vulnerability was also assumed to include socio — economic aspects, such as
the level of emergency training, social cohesion, the capability of economic
system recovery etc.

The ltalian studies related to the characteristics of urban and territorial
systems and to the concept of entropy (Di Sopra et al., 1981). The authors
proposed an interpretation of hazardous events as external stresses able to
produce an ‘“exceptional” quantity of energy, which represents an
“anomalous” input to the system itself. Hence, according to the capacity of the
system to face the input induced by the event, the entropy (seen as a
measure of a system order) within the system will increase or decrease and,
therefore, the loss of organization of the system will be minor or major.
Starting from this systemic view and from a “performance approach” to urban
and territorial systems, a model of the demand for activities and services
arising from the community hit by a catastrophic event was developed. Such
a model, according to the temporal phases of a seismic event —from impact to
rehabilitation— and to the localization of the investigated territorial system with
respect to the hazard source, was shaped as a “waves” model. These waves
describe the rise of different activities or service demands (from medical
treatment to accommodation in temporary houses) and their increase in the
different time phases following the earthquake.

The international literature on the concept of resilience. Studies of the early
1970s on the concept of resilience had great relevance to the building up of
the systemic approach to the vulnerability of urban and territorial systems.
During the last decades, the idea of vulnerability of a (social, territorial, and so
on) system as the opposite of its capacity of absorbing perturbations or, in
other words, as the “flip-side” of its resilience (Fortune and Peters, 1995), has
been more and more diffused in the international literature in the field of risk
analysis, pointing out that an ecological, social or territorial system becomes
vulnerable when it loses its resilience, namely its capacity of absorbing a
change (Folke, Carpenter et al., 2002). Resilience was viewed as indicating
the capacity of natural systems to absorb perturbations, and to maintain their
functioning and structure, therefore as a function of the “load” that a natural
system can absorb before it changes its structure, transforming variables and
processes that control its behaviour (Holling, 1973). Later this concept was
deeply investigated with particular reference to complex systems, focusing on
the capacity of those systems to renew themselves when a stress factor hit
the system (Gunderson and Holling, 2002) reaching a new state of
equilibrium. Resilience refers to the self-organizing capacity of systems, but
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also to their capacity of learning and adapting to external_stresses (Folke,
Carpenter et al., 2002).

e The World Conference on Disaster Reduction. The resilience of social and
territorial systems towards natural disasters represented also a crucial point
of debate at the World Conference on Disaster Reduction held in Kobe in
January 2005. The final document issued from the Conference recognized
“the development and strengthening of institutions, mechanisms and
capacities at all levels, in particular at the community level, that can
systematically contribute to building resilience to hazards”, as one of the
strategic goals for risk mitigation. In this Document “resilience” was defined as
“the capacity of a system, community or society potentially exposed to
hazards to adapt, by resisting or changing in order to reach and maintain an
acceptable level of functioning and structure. This is determined by the
degree to which the social system is capable of organizing itself to increase
this capacity for learning from past disasters for better future protection and to
improve risk reduction measures” (UN/ISDR, 2004).

Taking these theoretical inputs as a point of departure, UNINA’s approach, which, as
mentioned earlier, is specifically grounded on the planners’ point of view and aims at
guiding spatial planning strategies towards risk mitigation, was developed initially
with reference to seismic events, although it exhibits some general features making it
easily applicable to other types of hazard analysis. This approach focuses on the
vulnerability of urban and territorial systems interpreted as a multidimensional
concept, depending on physical vulnerability, essentially related to the typological
and structural features of buildings or infrastructures; functional vulnerability, mostly
related to the fragilities arising from the relations among the different components of
the system (spaces, activities, population, etc.); and organizational vulnerability,
pertaining to the fragilities resulting from the legal system and from the capability of
the institution in charge of emergency management to face post-event crisis. The
main features of the approach are summarized below:

¢ Functional vulnerability of urban and territorial systems. Attention was mostly
paid to functional vulnerability, interpreted by the researchers as a measure of
the performance of the urban fabric spatial organization with respect to the
demand for activities and services due to a seismic event. The analysis
allows to single out urban areas where, according to the features of the urban
fabric (e.g. high compactness, very narrow streets, etc.), the system is
“structurally” incapable of supplying the demand for activities and services
due to a seismic event (moving towards safe places, access of rescue teams,
etc.) (Galderisi, 2004). The measurement of functional vulnerability thus
defined has been carried out according to the morphological features of urban
fabric and to the rules of aggregation of physical elements constituting it
(buildings, open spaces, road networks, etc.) (Ceudech, 2004).

o Vulnerability/resilience of urban and territorial systems. The approach has
been further developed in subsequent projects, focusing on resilience and its
relationship with vulnerability and paying attention mostly to the vulnerability
of urban and territorial systems, interpreted as the opposite of their resilience.
In other words, hazardous events have been interpreted as events which may
induce interruption and uncertainty in the system structure, increasing its
entropy. Hence, urban and territorial systems, as open systems, may counter
hazardous events, with a variation of opposite sign (negentropy). The latter
can be obtained through an increase of the organization of the system,
therefore its resilience, through actions targeted to change the relationships
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among the elements (fig.1). By looking at the urban and territorial systems as
performance systems targeted to supply the population demand for spaces,
activities, services, the UNINA team focused on the gap between demand for
activity due to an hazardous event and supply from urban and/or territorial
systems. Such a gap may be due both to functional, spatial, social features of
urban and territorial systems and, and more specifically to the relationships
among the different elements of the system itself or, in other words, to its
organization. The focus of research was on a specific period of time, that of
post-event emergency (Galderisi, 2006).

o The post-event emergency phase. In that phase the gap between the demand
for activity due to an hazardous event and the spatial and functional
organization of the city may induce a loss of efficiency affecting not only,
immediately, the number of victims, but also, in short-medium term, the
system capacity of absorbing the change, and of restoring normal functioning.
The above approach allows planners, by acting on the vulnerability of urban
system, to counter the increase of entropy due to the hazard, avoiding the
collapse and the shift towards a different (generally lower) state of
equilibrium: in other words, it allows to increase the resilience of urban and
territorial systems.

Figure 1: Improving the resilience of urban systems to disasters: phases and actions
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On its part POLIMI, suchlike UNINA, started from the consideration that planners and
decision makers need practical and usable tools to avoid creating future vulnerability
while developing or redeveloping parts of cities and settlements, and to try reducing
wherever possible existing, present levels of wvulnerability. Another important
assumption taken by POLIMI’'s previous work relates to the notion of chain of failures
and losses, leading to the identification of vulnerabilities not only linked to the
physical characteristics of the hazard, and therefore aimed at controlling the “impact”
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of the event, but, rather, recognise the temporal development of any disastrous
event. This implies to address at least two phases, for which vulnerability
considerations are relevant:
- impact, in this respect the vulnerability to the physical pressure and stress
produced by the extreme event is considered;
- subsequent phases, when territorial systems are asked to withstand a certain
level of impairment and losses without collapsing.

In this regard notions like coping capacity and resistance as opposite to vulnerability
acquire importance and significance: resistance relates to the physical capacity to
avoid losses and damages by overcoming successfully the stress produced by the
feared event. Coping capacity instead refers to the ability of hit territorial system to
keep functioning and reacting to some level of physical damage. In this regard, the
input of a coping capacity assessment is not directly the stress, the pressure
provoked by the extreme event, but the level of losses and impairment that systems
underwent as a consequence of the pressure at the impact. This is the reason why in
many examples of vulnerability assessment (see in particular lifelines) the latter has
been divided in two parts: vulnerability assessment to the impact, to the emergency
and to the recovery phases.

The perspective according to which the contribution of POLIMI has been developed
until now is twofold, one deriving from urban and land use planning, the other from
different engineering branches, mainly related to the phenomena at stake and to the
need to reinforce and design solutions to withstand expected pressures on
structures.

As for the first approach, it is more theoretical and similar to the ones expressed in
the report by HUA and UNINA. It may be summarized according to the following
table:

Type of use of |Frequency of use
Physical built of built

vulnerability |environment's |environment's

components components

Components
of the built
environment

Density of use of built
environment's Accessibility factors
components

Utilities/facilities
performance

residential
buildings

industrial
facilities

lifelines

public facilities

In particular, the table shows the approach that has been attempted until now: on the
one side (rows), different components of any urban or regional environment have
been analysed. Although it is clearly recognised that relationships among the various
sectors is vital to understand the functioning of complex settlements and therefore of
territorial vulnerability, it must be also kept in mind that without deepening our
understanding of the mechanisms at the root of individual components’ vulnerability,
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there is little hope to be able propose mitigation measures. Despite of a certain level
of simplification it is supposed that systemic considerations of relationships among
systems, of those factors that constitute the overall, global vulnerability of a complex
system, far beyond the sum of individual components vulnerability, are useful to
assess priorities, to identify what components/systems are weaker, what
components/ systems deserve major attention or are more easily tackled with
available means and resources.

The columns instead address aspects that range from physical components (the
ones on which engineering expertise can provide most information and assessment
capabilities) to wider territorial considerations. The most important aspect to be
considered is that the scheme alludes at the need to identify the relationship between
the various aspects, therefore between utility performance, accessibility, type,
frequency and density of use, with the aim of complementing the physical
vulnerability assessment with functional and systemic considerations. An example
may clarify the notion. In many disasters, major as well as minor, it emerged clearly
how uses of areas and buildings may significantly change physical vulnerability
patterns: first floors used as storage place induce also structural changes that may
impair the building’s capacity to withstand for instance an earthquake.

The second perspective according to which POLIMI has addressed vulnerability
started from the identification of individual objects/components of the built
environment from a territorial point of view. In this respect the vulnerability
assessment is not limited to structural, engineering considerations only, but implies
also links to aspects such as accessibility, dependence from utilities, and even
organisational factors. A very relevant example of such territorial declination of
physical vulnerability assessment relates to the question of how to measure
vulnerability parameters to seismic risk at different geographical scales. In this
regard, the traditional point shaped, at the building scale approach, which is typical of
engineering, has been complemented by other approaches, adopting statistical and
sampling techniques, so as to provide results that can be used for different purposes
at different scales. In particular:

- In the case of small settlements, where a building by building survey is
possible, specific survey and evaluation techniques have been applied. The
result is certainly relevant for the local scale, showing the features of different
building types that lead to high/medium or low capacity to resist an
earthquake. The result is certainly useful to complement for example a
transformation or restoration urban plan.

- In the case of medium settlements, or of various small settlements in a
province, a valley or any other territorial unit, a sampling technique has been
adopted. In this case different types of buildings are identified, also with the
contribution of urban planners and historians, in order to identify classes of
buildings uniform as far as their fundamental construction features are
concerned. Samples from each class are then selected in order to conduct
the evaluation that is then extended to the entire class.

- A third level of approximation refers to larger metropolitan areas, when the
number of buildings to be assessed grows significantly and beyond the
possibility to identify classes and typologies. In this case a statistical
approach using “poor data”, that is census data has been adopted. Clearly
the output of such analysis cannot be used for specific projects and plans.
Though it permits identifying priorities and basic differences within the area of
interest.

The latter level of approximation has been adopted to assess the vulnerability of the
built stock in Italy in general terms. In the latter case the statistical grouping of
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census data has been substituted by an expert judgement of the vulnerability of the
built stock in each ltalian province, based on experts’ own knowledge and on basic
parameters like the incidence of masonry constructions and average age. Again, the
result is relevant in aggregate terms, to identify priorities at a national level, hotspots
of vulnerability within the country’s built stock.

Finally, another important aspect where planning perspective has enlarged the scope
of engineering one, relates to the proposal of experimental methods to assess the
vulnerability of built blocks making part of a unique structural unit. Identifying
parameters describing such vulnerability is not easy, but very significant for
restoration and reconstruction plans in historic centres.

As in the case of UNINA’s approach POLIMI's perspectives have been found akin to
or inspired by theoretical models and experimental projects elsewhere:

e The Cairns example: Granger et al (1999) presented a rather interesting
example of vulnerability assessment applied to a county level in Australia.
The starting point is a definition of vulnerability rather similar to the one that
has been provided in this contribution. Besides, the core framework of the
assessment is also strikingly similar, despite of the fact that the two
approaches have been developed completely independently one form the
other. In particular the Granger's approach identifies five main areas for
settlement’s vulnerability assessment, named:

a. setting

b. shelter

C. sustenance
d. security

e society

The five areas of concern relate respectively to the accessibility of various
functions, services, potentially stricken areas (setting), to the built stock
vulnerability (shelter), to the performance capacity of lifelines (sustenance), to
public health concerns (security) and to the coping capacity of potentially
affected communities (society). The Cairns example is relevant in our view
not only because of its similarity to the POLIMI one, but also because it
conveys a territorial perspective, as territories are defined as complex
systems for which all the five areas are relevant individually and in their
mutual relationships.

e The example of industrial vulnerability assessment to floods in the Loire
Catchment, France: The example provided by the Loire River Basin Authority
within the Loire Catchment plan as far as industrial vulnerability to floods is
concerned, is of extreme interest, for two main reasons: first because it
provides information and first attempts to identify parameters regarding
complex “objects” like plants that have been rarely considered until now;
second because of the methodology that has been followed. In order to
identify vulnerability parameters, the situation of existing plants in the river
basin has been confronted to similar ones that underwent damages in the
past as a consequence of flooding. Specific and detailed analysis of damage
is provided with respect to the latter (Ledoux, 1999).

Summing up, UNINA’s and POLIMI’'s research path led to the development of an
approach to the vulnerability of urban and territorial systems strongly addressed to
single out spatial planning strategies for the mitigation of the impacts caused by
hazards and as much as possible “integrated” within the process of knowledge-
decision-action aimed at driving the evolution of urban and territorial systems. Both
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approaches present a strong belief to mapping the vulnerability attribute and its
spatial variations and ratings. According to POLIMI maps must be considered not
only as a representation tool, but also as means to model complex territorial systems.
As suggested by Funtowicz and Ravetz (1990, p. 83-84), «The skill of mapmaker is
involved in helping the user avoid the pitfalls of misinterpretation, by design which
makes it clear which sorts of information are provided with a stronger claim of
certainty, and which sorts are less certain or ignored.... The map emphasizes the
totality; the individual elements are seen and grasped in relational terms». To POLIMI
only such considerations lead effectively to the fundamental goal of vulnerability
assessment which is the identification of as many differences as possible within the
area of interest. In fact vulnerability considerations are useful as far as they permit
selection and differentiation in the built environment, opening the floor for a variety of
potential mitigation measures.

Obviously, although not ignoring other relevant dimensions of vulnerability, from the
“‘physical” to the “social” one, the attention has been mostly paid to the
vulnerability/resilience of the urban and territorial systems on which it is easier to act
through the tools of spatial land-use planning. Emphasis has been put on the
assessment of the loss of efficiency of those systems in case of hazardous events.

1.2.3 Floods: The Middlessex University analysis

Regarding specifically flood hazards, the Middlesex University team (Flood Hazard
Research Centre) remarks that the concept of territoriality, or territorial vulnerability,
has not been widely applied to flood hazards, although Hewitt's analysis entitled
“Regions of Risk” (1997) refers briefly to floods and points out, that floods are linear
or patchy in spatial extent reflecting topography. Oddly, Hewitt's characterization of
flood territories highlights the fact that hydrological processes and floods occur within
“process units” called catchments which are referred to below. MDX team draws from
the international literature a broad variety of approaches that approximate more or
less the concept of Territorial Vulnerability to Floods. Those that are quoted here are
only the most representative examples which demonstrate the diverse
understandings of the notion of flood vulnerability of territories at different scales
(from regional to point locations):

e Physical and agro-ecological conceptual approach to socio-economic flood
vulnerability (Brammer, 2000): An analysis of socio-economic vulnerability of
Bangladeshi settlements and infrastructure since 1970 using agro-ecological
regions and zones of flood type (e.g. rainfall, river, tidal floods) for the whole
country as an organizing framework. Developed in the context of an ongoing
critique of the Bangladesh Flood Action Plan (see also Brammer 1992).

e Economic and social vulnerability to floods in urban developing nation setting
(Islam, 2005, 2006): Analysis of economic flood impacts and related indirect
household and health effects, and their propagation at the macro level in
urban Bangladesh focusing on 3 urban settlements. The time-frame is the late
1990s, early 2000s. Initially a PhD thesis but subsequently published in
Bangladesh, and a contribution by a Bangladeshi to alleviating flooding there.

e Socio-economic impact, vulnerability and response to floods in a developed
nation setting (Tunstall et al. 1991; 2007): Studies at (a) the sub-catchment
level (1990 floods) and (b) the national level of the impacts, vulnerability and
response to floods in England and Wales (1990s-2000s) undertaken for (i) the
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UK National Rivers Authority to inform flood alleviation policy and (ii) the EC
FLOODsite project (2004-2009). Broadly, similar research has been
undertaken in Germany but this focuses upon damage impacts of the 2002
floods, recovery of flood affected residents and insurance (Thieken et al,
2005, 2006, 2007; Steinfuhrer and Kuhlicke, 2007) and in Italy (De Marchi et
al., 2007).

Political ecology of shanty-town community vulnerability to floods (Wisner,
2000): An analysis of socio-economic vulnerability development in Alexandra
Township shanty-town, near Johannesburg, against the powerful apartheid
and violence background of the 1970s-1990s. Wisner is a leading American
advocate of social vulnerability analyses and the approach demonstrates his
analysis (see also Blaikie et al., 1994).

Urban poverty and geography of socio-economic vulnerability to floods
(Zoleta-Nantes, 2000): An analysis of vulnerability of urban poor residential
settlements (“barangays”) to flooding in Metro Manila (The Philippines)
between 1970s-1990s. Barangays are the basic administrative political unit in
municipalities or cities in the Philippines. This has been developed as a
geography project at the University of the Philippines. Another example of this
conceptual approach, this time focusing upon displacement of poor people by
flooding, in the context of Ormoc City (i.e. city scale), the Philippines, is
Mahmud, 2000.

Political economy approach to socio-economic vulnerability to floods
(Winchester, 2000): An analysis of the spatial and economic marginalization
of agriculturalists in the 20" century (since 1907) by landowners and political
officials who control access to resources and services in the delta-island
settlement of Divi Seema in the Krishna delta, north of Madras, India. A PhD
thesis by Winchester who is an Englishman and now a leading figure in
operating a charitable foundation in India.

Mega-city disasters and vulnerability to floods (Parker, 1999a): An
examination of social and infrastructure vulnerability to floods and other
disasters from medieval to present times in London within a mega-city
analytical framework. Development of the International Geographical Union
Study Group’s initiative on Disaster Vulnerability in Megacities during the
1990s, and with the support of United Nations University, Tokyo. Another
example of the same conceptual approach focusing upon Seoul, South Korea
is Kwi-Gon Kim (1999).

Human ecology and vulnerability to floods (Hewitt, 1997): A vulnerability
based approach to reducing risk to disaster including floods employing a
broad-brush temporal and spatial context and arguing for the
“‘geographicalness” of risks. Spatial units considered include the city, and
“mountain lands”. This book is a reaction by a USA academic to the
dominant “hazards paradigm” approach which emphasizes damaging events
and agents.

Health vulnerability to floods (Tapsell et al., 1999, 2003; Tapsell 2000): Post-
flood study revealing the health and related social effects of flooding in two
small English towns in the late 1990s. Research sponsored by the UK
Environment Agency in order to gather evidence to support spending on flood
measures. Precursor studies undertaken in 1980s in Lismore, Australia
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(Handmer and Smith, 1983), a small English coastal community (Green et al.,
1984), and by Bennett (1970) in a small English city.

e Risk construction and social vulnerability to floods (De Marchi et al. 2007;
Steinfuhrer_and Kuhlicke 2007): Anthropological, cultural and sociological
conceptualizations of risk and social vulnerability focused upon a) four
northern ltalian villages and one town and b) the Mulde River valley
settlements (villages and towns) in south-eastern Germany. Undertaken as
part of the EC sponsored FLOODsite research project. Time-frame is past 10
years, including 2002 floods in Germany.

e Psychological conceptual approach to individual vulnerability (Drobot et al.
2007): Recent psychological study of reasons why drivers in two functional
urban areas of the USA drive through dangerous floodwaters. The research is
aimed at ways of changing driver behaviour in the future (Drobot et al., 2007).
A sub-set of this approach is the Cognitive mapping / perceptual /
geographical approach to individual vulnerability (Ruin et al. 2007). Ruin et
al. studied motorists’ perceptions of flood risk and their travel itineraries
through a flash flood area of southern France where many motorists have
died in flash floods in the recent past. The territorial unit chosen for this study
is the Gard Department and its road network. Academic research project
undertaken at University of Grenoble, which aims to improve transportation
planning and safety.

e Planning concepts and vulnerability to floods (DEFRA, Welsh Assembly
Government and Environment Agency, 2004; DEFRA 2006): The catchment
is now a principal territorial unit for assessing flood risks (including exposure
and vulnerability) for preparing Catchment Flood Management Plans with the
aim of developing long-term sustainable policies for flood risk management in
England and Wales. A similar approach is being used for shoreline
management units, and there are also Coastal Habitat Management Plans
and Water Level Management Plans.

e Multi-dimensional, integrated risk assessment approach to flood vulnerability
(Environment Agency 2007, 2008): The Environment Agency’s Thames
Estuary 2100 (TE2100) plan will be a maijor risk assessment for flooding in
the Thames estuary and tidal river Thames plain including London. This is the
largest flood risk management plan ever produced for England and Wales
and is due to be published during 2009 but work on it has been ongoing for
several years and numerous risk assessment and planning documents have
already been written. Within this currently confidential plan there is a multi-
dimensional, multi-disciplinary approach to vulnerability including vulnerability
analyses for infrastructure systems, current institutional arrangements and the
population at risk.

In the paragraphs 1.2.4.i - 1.2.4.iv some specific methodologies, representative of the
above analyzed three major scientific paradigms of vulnerability conceptualization
(the technical paradigm, the social constructivism one and the climate change
paradigm, see 1.2.1) are being presented with respect to their distinct rationale.
Further down, chapter 1.3.1 outlines the input, the results, the successive steps and
the overall identity of a wider range of methodologies: 1) the methodologies
representing the three major scientific paradigms on vulnerability (as quoted in
paragraphs 1.2.4.i to 1.2.4.iv), 2) the group of methodologies that belong to the land-
use oriented approach that has been consolidated as “vulnerability of Territorial
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Systems” and 3) the group of methodologies on floods (commented and classified by
the MDX team). This third group is quoted separately at the end of 1.3.1 due to its
particularity of being classified according to ad hoc spatial scales of reference (on the
basis of both human and physical geography criteria).

1.2.4 UNDP, ESPON, Munich Re and HUA

1.2.4.i Vulnerability Conceptualization in the context of the “Disaster Risk
Index” (UNDP, Bureau for Crisis Prevention and Recovery, 2004)

The Disaster Risk Index (DRI) addressed and measured the risk of death in disaster
at national level in three specific cases of hazard types (earthquakes, tropical
cyclones and floods) for the period 1980-2000. DRI is a case representative of the
technical school of thought on vulnerability although this is not immediately apparent.

For the assessment of DRI indices the countries of the world are indexed for each
hazard type according to their degree of physical exposure, of relative vulnerability
and degree of risk. DRI is a mortality — calibrated index. Its development has been
guided both by the use of a conceptual model involving physical exposure,
vulnerability and risk as well as by the availability of global datasets of a suitable
quality. Indeed the choice of mortality has been guided by global data availability and
it is recognized that as such DRI provides only a partial picture of risk. According to
DRI rationale physical exposure is not an indicator of vulnerability but a condition
sine qua non for disaster risk to exist. Without people exposed to hazardous events,
there is no risk to human life. Physical exposure however, is insufficient to explain
risk. Countries with similar levels of physical exposure to a given hazard experience
have widely different levels of risk. Vulnerability —in the context of DRI- is the concept
that explains why with a given level of physical exposure, people are more or less at
risk. It measures the number of people killed in a country due to a particular natural
hazard with respect to the number of people exposed. In the DRI vulnerability refers
to the different variables that make people less able to absorb the impact and recover
from a hazard event (coping and adaptive capacity). These may be economic (such
as lack of reserves or low asset levels); social (e.g. the absence of social support
mechanisms); technical (e.g. poorly constructed housing) and environmental (such
as the fragility of ecosystems (UNDP 2004).

Despite the fact that exposure is accounted as a separate and independent factor in
the equation of DRI, vulnerability is theoretically considered (an assumption included
in the Report) to include variables that may increase the severity, frequency,
extension and unpredictability of a hazard. It ensues then that both development
activities that influence hazard and those that influence human vulnerability are
represented in the DRI as vulnerability. The vulnerability index is also supposed to
include those factors that may decrease vulnerability (e.g. urban planning, disaster
preparedness and early warning systems). According to DRI rationale vulnerability is
hazard specific and there is no possibility for a global multi-hazard indicator of
vulnerability. While the DRI project evaluates vulnerability indices at national level the
ESPON Hazards project attempts such an evaluation at regional level (NUTS IlII)
across the EU territory.

1.2.4.ii The Concept of Territorial vulnerability in the ESPON Hazards Project
(2005)
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The ESPON Hazards Project takes vulnerability as the degree of fragility of a person,
group, community or an area; as a set of conditions and processes resulting from
physical, social, economic, environmental factors that increase the susceptibility of a
community to the impact of hazards. The term territorial vulnerability is not used as
such; the terms used instead are regional vulnerability and vulnerability of urban
centres. The ESPON Hazards Project acknowledges damage potential and coping
capacity as the two main components of vulnerability: Damage Potential + Coping
Capacity = Regional Vulnerability. At the same time the project recognizes three
dimensions (or locus, or carriers) of regional vulnerability: economic', social® and
ecological®. Neither systemic relations between the above dimensions nor systemic
vulnerability have been taken into account though it is acknowledged that “large
urban centres are especially vulnerable because the destruction of important
systems of communications and infrastructure is costly and can have vast
consequences on the economic stability even on the global scale”. In a sense
systemic vulnerability is considered only in the context of the economic dimension of
vulnerability.

The ESPON Project follows Cutter's notion of “Vulnerability of place” defined as a
combination of hazard exposure and social response within a specific geographic
area. This means that exposure is considered as an internal (inherent) element of
geographical vulnerability. Vulnerability in ESPON Project is “place specific” (but not
hazard-specific) and it takes into account the damage potential (including human
occupation, infrastructure and natural areas) and coping capacity of regions. The
hazards-of-place model of vulnerability, on which the ESPON Project is based, has
an explicit focus on locality. As figure 2 indicates biophysical and social vulnerability
together form the overall “Place Vulnerability”. The hazard potential is filtered through
the geographic context (site and situation, proximity) and the social fabric of
community (socio-economic indicators, risk perception, ability to respond) and is
either moderated or exacerbated by them. In the view of ESPON project vulnerability
functions either as intensifier or a factor vitiating the hazard potential.

! This is about economic damage potential, understood as anything concrete that affects the economy of
a region and can be damaged by a hazard.

21t represents the vulnerability of people and the emphasis is on coping capacity.

® This is about ecosystems’ or environmental vulnerability or fragility.
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Figure 2: The Hazards-of-Place model of Vulnerability
(Source: Cutter et al, 2003, cited in Kumpulainen, 2006)

1.2.4.iii Physical Vulnerability at Mega-city Scale: The Munich Re Approach

In general terms this approach calculates risks associated with various hazards for
mega-cities around the world. The method concerns physical vulnerability of city
structures and in this sense it pertains to the first vulnerability paradigm which is
characteristic of the technical literature on vulnerability. However, compared to other
methodologies of the technical school it presents a particularity, in that it is
paradoxically both hazard-dependent and hazard-independent.

Indeed, calculation of vulnerability by the Munich Re method involves the
combination of three parameters, one which is hazard-dependent while the other two
are hazard-independent (Villagran de Ledn 2006). The resulting indicator makes use
of information on the current status of the city under examination in terms of
infrastructure and population and is not based on historical outcomes of previous
disasters. The vulnerability indicator does not reflect either the root causes of
vulnerability or possible interdependencies and interactions between structural
vulnerability, socio-economic, organizational, institutional etc. The composite
vulnerability indicator is expressed as a single one encompassing all considered
hazards. Besides, the indicator does not capture how vulnerability depends on the
magnitude of one or more hazards; it assigns one single value for each city
regardless of hazard or its magnitude.
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1.2.4.iv Seismic Vulnerability of Micro-territories: The HUA Approach
(Small Manufacturing Firms in Western Athens after the Earthquake of September 9/1999,
HUA research project 2003 and Sapountzaki 2005)

Broadly speaking the approach is indicative of the second paradigm focusing on the
socio-economic aspects of vulnerability and its socio-economic components (i.e.
resistance and resilience); also on the social construction of vulnerability and
exposure too.

The approach does not refer directly to territorial vulnerability as such. It is rather
about the relationships between vulnerability of macro socio-spatial structures and
that of micro-structures. Besides it searches interconnections between physical,
socio-economic and territorial vulnerability. The method achieves some relevant
findings by examining post-earthquake responses of a specific micro-structure —the
Small Manufacturing Firm- in its struggle to survive and recover after the disaster
event of September 9/1999 in the specific urban context of Western Athens.
Institutional vulnerability has been also taken into account by the approach. This is
because not only private recovery practices but state reactions to these practices too
had a constant vulnerability redistribution impact. Indeed a continuous ping pong of
vulnerability occurs between micro-, medium- and macro-entities during recovery
periods. The methodology utilized the micro-structure of SMF as it facilitated (with its
multiple presence and networking within the urban fabric of Western Athens) the
analysis of transference mechanisms and interconnections between vulnerabilities of
micro- medium- and mega urban structures. SMF was actually considered as a
micro-territorial unit, a sub-system of the wider urban system, or even better a
discrete social domain to use the term introduced by Hilhorst (2004). These
assumptions are justifiable by the following facts:

v' The constituent elements of SMFs (i.e. production activity, labour force,
technology, immovable capital, etc) relate with each other in functional and
partly predictable ways. Besides an SMF is an open adaptive or soft system
as it interacts with other SMFs and other types of micro-, medium- and mega-
structures too (e.g. consumers, private financing organizations, trade unions,
universities, research centres, state agencies).

v" An SMF is a “social domain” because it is a locus of certain rules, norms and
values implying a degree of social commitment (Long 2001); because it
includes actors who belong simultaneously to other systems; because it has
the ability to integrate and rework knowledge derived from other and different
systems; also because it allows change from within and the softness of its
boundaries since it permits movement and exchange of people, resources
and ideas with other domains.

v" An SMF is identifiable in physical and spatial terms by means of its movable
and immovable capital; besides its operation is systemically dependent on
regular operation of other physical networks and subsystems such as
lifelines.

The data used for the study covered a long period and the major part of the disaster
cycle that followed the seismic event of September 9, 1999 which had hit Western
Athens. In particular the data and information utilized by the study concerned
different phases of the recovery cycle of SMFs:

(a) First stage recordings and statistical data on building damage and other
losses were available at the Greek Ministries of Internal Affairs, Public
Administration and Decentralization on the one hand and the Environment,
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Spatial Planning and Public Works on the other (one and three months after
the event respectively).

(b) Second stage data and a relevant database for 226 firms, marked “green”,
“yellow” and “red” according to the degree of building damage, was created
by a research team (HUA 2003) on the basis of information available in the
records of the Ministry for the Environment, Spatial Planning and Public
Works (MEPPW) (three years after the event). This information was
completed by primary information obtained via a questionnaire submitted to a
representative sample of 50 SMFs for the purpose of collecting detailed
information in relation to the identity of hit firms, material and immaterial
losses and the adopted recovery process.

Having reviewed the conceptual approaches to territorial vulnerability and the parallel
terms (geographical, urban, regional, area vulnerability) we can now proceed to

specific examples and their actual results as regards to qualitative and quantitative
measures of territorial vulnerability.

1.3 Examples of Methodologies Assessing Territorial
Vulnerability

1.3.1 Content and Character of the Methodologies

1.3.1.i Reqgional level

Vulnerability Assessment in the context of the “Disaster Risk Index”
(UNDP, Bureau for Crisis Prevention and Recovery, 2004)

In the case of DRI risk is a function of hazard occurrence probability, the population
at risk and vulnerability. In particular, the equation conveying the conceptualized
relationship between risk and vulnerability is the following:

R =H = Pop * Vul

Where R s the risk (number of people killed)
H is the hazard, depending on the frequency and strength of a given hazard
Pop is the population living in a given exposed area
Vul is the vulnerability and depends on the socio-political-economical context
of this population.

The product of hazard multiplied by the population is considered to reflect physical
exposure and the above equation turns into :

R = PhExp * Vul

Where PhExp is the physical exposure, i.e. the frequency and severity of a hazard
multiplied by exposed population

For the calculation of physical exposure of each country to each of the hazard types
under examination (earthquakes, tropical cyclones, floods), the area exposed to
respective events was identified and the population living there was counted. The
result is the average number of people exposed to a hazard event in a given year.
Geographical information systems were used for mapping physical exposure to each



30

hazard. Physical exposure varies both according to the number of people as well as
to the frequency of hazard events. In the DRI physical exposure is expressed both in
absolute and relative terms (i.e. the number exposed per million people).

As to the calculation of Relative Vulnerability the DRI assumes that people are more
or less vulnerable to a given hazard depending on a range of social, economic,
cultural, political and physical variables. DRI has used the number of people killed by
each hazard type in each country as a proxy for manifest risk. The assumption is that
the occurrence of past disasters manifests by definition, the existence of conditions
of physical exposure and vulnerability (UNDP 2004). Besides DRI considered as
manifested Relative Vulnerability —of a country to a given hazard- the quotient of the
number of killed people by the number of those exposed.

Consequently the manifest risk was examined against a bundle of social, economic
and environmental indicators through a statistical analysis using a multiple
logarithmic regression model. A total of 26 variables selected through expert opinions
were available as global datasets and analyzed for each hazard type; it was then
possible to pick up those vulnerability indicators that were most associated with risk
for each hazard type (UNDP 2004). The vulnerability indicators that were found
relevant to flood, earthquake and cyclone hazards are presented in the following
Table 1.

The statistical analysis was based on two major hypotheses. First, that risk can be
understood in terms of the number of victims of past disaster events. Secondly, that
the equation of risk follows a multiplicative model as in the following equation (UNDP
2004):

K =C * PhExp? * V@1 % V@« ... AV

Where
K is the number of persons killed by a certain type of hazard
C is the multiplicative constant

PhExp is the physical exposure, i.e. population living in exposed areas multiplied
by the frequency of occurrence of the hazard

\ are the socio-economic parameters

a; is the exponent of V; which can be negative (for ratio)

By using logarithmic properties the equation was reformulated as follows:
In(K) = In(C) + aln(PhExp) + aiIn(V4) + azn(Vy) + ...+ agin(Vy)
This equation creates a linear relationship between logarithmic sets of values. This

allowed significant socio-economic parameters V; and exponents a; to be determined
using linear regression.
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Table 1: Critical Vulnerability Indicators for Earthquake, Flood and Cyclone Hazards

CATEGORIES OF
VULNERABILITY INDICATORS
Gross Domestic Product per inhabitant at Purchasing Power
ECONOMIC Parities

Total Debt Service (% of the exports of goods and services)

Inflation, food prices (annual %)

Unemployment, total (% of the exports of goods and services)

TYPE OF ECONOMIC

Arable land (in thousand hectares)

% of arable land and permanent crops

ACTIVITIES % of urban population
DEPENDENCY & Forests and woodland (in % of land area)
QUALITY OF THE _ _ _
ENVIRONMENT Human induced soil-degradation
Population Growth
DEMOGRAPHY Urban Growth
Population Density
Age Dependency Ratio
HEALTH Number of physicians (per 1.000 inhabitants)

AND SANITATION

Number of Hospital Beds

Life Expectancy at Birth for both sexes

EARLY WARNING
CAPACITY Number of Radios (per 1.#000 inhabitants)
EDUCATION Illiteracy Rate
DEVELOPMENT Human Development Index (HDI)

Source : UNDP/UNEP

Since evaluation of DRI referred to the time period 1980-2000 the socio-economic
variables that would be tested had to be converted into 21-year averages and only
then transformed into a logarithmic value. For those expressed as a percentage a
transformation was applied in order that all variables would range between -« and +o
(see equation below). For others no logarithmic transformation was needed (UNDP
2004).

Transformation for variables ranging between 0 and 1
Vi =Vi/(1-V)

Where V/ is the transformed variable (ranging from -co to +0)
V, is the socio-economic variable (ranging from 0 to 1)

The model of DRI allowed the identification of parameters leading to higher and lower
risk. However, it should not be used as a predictive model. Small differences in the
logarithmic scale can induce large ones in the modeled number of deaths (UNDP
2004). The respective report of UNDP (“Reducing Disaster Risk — A Challenge for
Development”) speaks for high and relevant results. Finally, mapping the input and
output parameters, factors and synthetic indicators (e.g. numbers of killed, killed per
million inhabitants, killed per population exposed) has been an integral part of the
whole DRI procedure.
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Assessing Regional Vulnerability in the ESPON Hazards Project (2005)
(Kumpulainen 2006)

As it has already been mentioned the methodology of the ESPON Hazards Project
has been based on the integrative model for the “Vulnerability of Places” proposed by
Cutter (1996). The area unit used for the application of the methodology has been
the so-called NUTS 3 region and the results are shown on maps of the EU 27+2. The
indicators used have been chosen in order to cover damage potential and coping
capacity, as well as the range of all three vulnerability dimensions. The Coping
Capacity indicators measure the ability of a region to prepare for, or respond to, a
hazard. They measure either human properties or the existence of appropriate
infrastructure.

More specifically the methodology considers 6 indicators for the “damage potential”
of vulnerability and 11 indicators for “coping capacity”. Of the 6 indicators referring to
damage potential two are economic, another two have both economic and social
content and the remaining two are ecological. In detail the damage potential
indicators are the following:

v" Regional GDP/capita

v" Population density

v" Number of tourists or number of hotel beds (this is considered as a coping
capacity indicator too)

Number and area size of significant natural areas

Number and area size of fragmented natural areas

Culturally significant sites (e.g. sites included in the UNESCO world heritage list)

ANANRN

The coping capacity indicators are:
National GDP/capita

Education rate

Dependency ratio

Risk perception

Institutional preparedness

Medical infrastructure

Technical infrastructure

Alarm systems

Share of budget spent on civil defense
Share of budget spent on research and development

NN N N N NN

When it came to actual application however, some serious problems emerged;
several indicators could not be used or evaluated due to a lack of data or difficulties
in quantification (for instance institutional preparedness and risk perception proved
impossible to measure). Due to these difficulties only four indicators were finally used
(regional GDP/capita, population density and the extent of fragmented natural areas
as damage potential indicators and national GDP/capita as coping capacity
indicator). The integrated then regional vulnerability index (and consequently map)
results as the aggregate of the homogenized indicators where regional GDP
contributes with a weight of 30%, population density with 30%, fragmented natural
areas with 10% and national GDP with 30%.
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Mapping Regional Vulnerability in the context of ARMONIA (Framework

Programme “Applied multi Risk Mapping of Natural Hazards for Impact

Assessment”), Deliverable 5.1, EU STREP VI 2004-2007

(Galderisi and Menoni, 2007)

This methodology is representative of the strand dealing with vulnerability of territorial
systems for the purpose of supporting spatial planning risk mitigation policies. The
following Table 2 summarizes the basic features of the methodology.

Table 2: ARMONIA methodology for Regional Vulnerability Mapping with reference to
Multi-Hazard conditions (Galderisi and Menoni, 2007)

Type of
hazard:

Multi risk (earthquake, landslide, flood, forest fire, volcanic risk)

Scale:

Regional

Territorial
vulnerability
approach:

The multi-dimensional concept of vulnerability expresses the capacity of a
system to face a hazardous event, with respect to direct damages, such as
physical damages and consequent human suffering, and indirect damages due
to incapacity of a system to face the event (e.g. inadequacy of road network
which impedes rescue team access). The methodology takes into account:
physical vulnerability of building stock; vulnerability of population; coping
capacity, i.e. the availability of resources (quantity and hierarchical level of
emergency equipment; infrastructure and roads; accessibility from the
external territory) enabling each municipality to face a hazardous event.

Aim:

The aim of the ARMONIA project is to provide the EU Commission with a
harmonized methodology for producing integrated risk maps to achieve more
effective spatial planning procedures in areas prone to natural hazards. The
assessment is part of a Decision Support System for achieving land-use
planning processes fully informed both about the hazard, exposure and
vulnerability of different land-uses and the options available to mitigate the
risks.

General
description of
the
methodology:

For each hazard, exposure and vulnerability of people and building stock are
considered. The coping capacity is the same for all hazards. The coping
capacity indicators are aimed at evaluating the services (in terms of strategic
equipments such as hospitals, fire brigades, etc. and in terms of road
networks) of different regional areas (municipalities) for facing the emergency
phase following a hazardous event and the accessibility from external areas to
each municipality. The lack of aggregate indexes of vulnerability is due to the
deliberate choice of providing land-use planners with disaggregated
information as supporting tool for the definition of mitigation measures.

Assessment
procedure:

Coping capacity indicators referred to strategic facilities, infrastructures and
road network accessibility, are applied with respect to municipalities and are
defined as the product of the density of the considered element (e.g. the

number of emergency facilities in the municipal area) by a weight coefficient
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from 1 to 3 representing its hierarchical level. The values obtained are ranked
into 4 classes with a “natural breaks” statistical method. Aggregated indexes
are not provided.

Main
indicators of
territorial
vulnerability:

The emergency equipment index for each municipality (Iem=(ZiWi*Ei)/Sa) is
related to the number of emergency equipments (Ei) and to their hierarchical
level (Wi is a weight coefficient from 1 to 3 for local, urban, regional level).
The Infrastructures and road networks equipment index (If=Inf+Ip) is the
sum of an index (Inf=(ZiWi*INFi)/Sa) related to the surface of infrastructures
(INFi) and their hierarchical level (Wi is a weight coefficient from 1 to 3 for
local, urban, regional level) and an index (Ip=(i Wj*Rj) /Sa) related to the
length of roads (Rj) and their hierarchical level (Wi is a weight coefficient from
1 to 3 for highway, national, regional roads). The accessibility index (Ia=(Zi
Wi*Ai)/Sa) takes into account the number (Ai) and the hierarchical level (Wi is
a weight coefficient from 1 to 3) of the 3 classes of main access road typology
(highway, national, provincial). All the indexes have been referred to the
surface of the municipality (Sa) and ranked into 4 classes.

Input data:

The assessment is implemented within a GIS environment. Data have been
collected and processed with regard to census units and aggregated with
respect to each land-use within a municipality. Data referred to the coping
capacity have been collected and processed directly at municipality level.
Although census data have been used for exposure and vulnerability, coping
capacity data have been collected from cartographical material and thematic
maps.

Example
views:

Assessing and Mapping Vulnerability of Lifelines to Earthqguakes: An ltalian

Research Work developed within the POLIMI Activity Programme 2001-2003

(Menoni et al., 2007)

The present case refers to lifelines, where a territorial approach has been clearly
adopted in order to address the vulnerability of such systems that clearly goes
beyond the sum of the vulnerability of individual elements, be them joints, plants, or
segments. The notion of systemic vulnerability, meaning interdependence between
lifelines and between the latter and other urban and regional systems is central to the
developed methodology (see Menoni et al. 2007).
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Table 3: Lifelines vulnerability assessment to earthquakes

Type of ismic

hazard

Territorial Vulnerability is interpreted as a complex concept comprising physical, systemic,
vulnerability functional and organisational aspects, addressing the main issue of how prone are
approach lifelines to stop functioning as a consequence of physical damage and service

__interruption after an earthquake

Aim To provide a methodology for assessing the vulnerability of lifelines to earthquakes
_considering both the emergency and the recovery/reconstruction phases.

General The methodology is based on an assessment matrix comprising physical, systemic
description ofand organisational vulnerabilities related to lifelines and to urban and regional
the systems dependence on lifelines. The result of the assessment matrix can be
methodology represented in tablesandinmaps

The method can be run either at a municipal level or evaluating the individual lifelines

Assessment . .
procedure segments whenever data are available for a more detailed survey and assessment

Main Systemic and organisational parameters are territorial in their very nature, as they
indicators ofrefer to systems’ relations and to the consequences public administrations” decisions
territorial have on lifelines functioning. Indicators such as redundancy versus uniqueness,
vulnerability ‘accessibility, siting of lifelines with respect to each other are some of the key

parameters that have been proposed and assessed in the application to the Brescia
_province (Lombardia).

Input data The assessment is implemented in a GIS environment composed of point shaped
elements, corresponding to plants, and linear elements, corresponding to segments
of the network. The input data are obtained by cartography, surveys, structured
_interviews with responsible personnel of lifelines managing companies.
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Example
views

(QEZZE,H ncaﬁ.f.:z

1.3.1.ii Functional Urban Area (FUA) or Metropolitan level;

Physical Vulnerability at Mega-city Scale: The Munich Re Approach
(Munich Re 2003)

As the method attempts to evaluate the fragility of the physical structure of Mega-
cities the determinant parameters used represent issues that express or influence the
structural resistance of the urban fabric:
e Structural vulnerability: related to the building classes most predominant in
the city;
e Standard of preparedness / safeguards: associated with the existence of
building regulations, town and country planning with respect to hazards; and
e General quality of construction and building density.

Structural vulnerability, preparedness and quality of construction were assessed
using a four degree scale (very good, good, average and below average). Building
density was represented through population density and was normalized in a range
from 0 to 4 units. The three components were assigned equal weights and combined
to generate a single indicator for each city. Figure 3 displays vulnerability -in arbitrary
units- of several mega-cities. The list is headed by Karachi, Jakarta, Dhaka, Manila
and Calcutta. The cities with the lowest vulnerabilities are Washington-Baltimore,
Santiago and Osaka-Kobe-Kyoto. What is interesting about the findings of the
approach is that vulnerability of cities does not seem to correlate with their population
size (Villagran de Leon, 2006).
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Figure 3: Vulnerability of several Megacities according to the Munich Re approach
Source: Villagran de Ledn (2006)

Gity-Metropolitan _Vulnerability _according to the Italian CIPE-MURST Research
Project: "The seismic risk protection: vuinerability, analysis and requalification of the
physical and built environment with innovative technigues”. (UNINA / Di.Pi.S.T. 2003;
Galderisi, 2004)

This methodology too is representative of the Italian strand dealing with vulnerability
of territorial systems for the purpose of supporting spatial planning risk mitigation
policies. The following Table 3 summarizes the basic features of the methodology.

Table 4: CIPE-MURST methodology for City-Metropolitan level Vulnerability Mapping
with reference to Earthquakes (UNINA / Di.Pi.S.T. 2003, Galderisi 2004)

Type of Earthquake
hazard

Scale City — Metropolitan urban areas

Territorial  ‘The urban system vulnerability is due to many factors, such as physical, functional
vulnerability. social, enabling the city to cope with a seismic event. The focus of the research work is
approach  on functional vulnerability, interpreted as tendency of the city towards functional crisis
due to the lack of correspondence between the high demand for activities and services
from the population hit by the earthquake and the spatial organization of urban fabric.

Aim: To provide an easy-to-apply seismic risk assessment procedure for large urban systems
in order to define priority intervention areas.

General First, spatial units, representing the cells of a spatial orthogonal grid for the assessment
description |have been singled out on the basis of site morphology, census unit borders, and on
functional and physical features of the settlement being analyzed. In the spatial units so
defined, the exposure and functional vulnerability assessment has been carried out. The
values obtained from the exposure and functional vulnerability indicators have been
ranked into 4 classes (Low, Medium, High, Very High) through the natural breaks
method.
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Assessment The level of functional vulnerability is expressed by ranking into four levels (Low,
Medium, High, Very High) the Ivf indicator. The latter is obtained as the product of twa
indicators representing the regularity of the form of the urban fabric (lvm) and the type ol
spatial concentration of physical town planning elements characterizing the urban fabric
(Iva). The first indicator, which varies from 1 to 2, is defined on the basis of a typological
classification of urban fabrics according to their regularity of form. The second one is the
sum of six basic indicators, normalized between 0 and 1, representing building density
and other elements of the urban fabric, such as public and private open spaces, roads,
buildings, etc.

procedure

Main The basic indicators (I1 to 16) that define the Iva indicator, are the following:

indicatorsof . o the relation between the surface occupied by buildings (Sc) and the area of the

territorial | spatial unit under consideration (Sc/St)?;

vulnerability o the ratio between private open spaces (Sa) and the surface occupied by

buildings [1 - (Sa/Sc)]’;

¢ the ratio between public open spaces (Sp) and the area of the spatial unit under
consideration [‘l-(Sp/St)]2 ;

e the ratio between road surface (Sm) and the area of the spatial unit under
consideration [1 - (Sm/St)}?;

e the building density (Dt/10)'2;

e the average distance expressed in meters (Lm) between the fronts of the
buildings and street line along the road network (if Lm < 5 m then 16 = 1; if Lm >
15 mthen 16 =0, if 5m <Lm <15 m then 16 = (15-Lm)/10).

Input data The vulnerability assessment is implemented through a GIS, processing data obtained
from cartographical material; only building heights have been reported from in situ
surveys.

Example

views:

Mapping Vulnerability of Historical Gity-Centres. An Italian Research Project

(UNINA / Di.Pi.S.T. 2004; Menoni, 2004; Ceudech, 2007)

The methodology is again characteristic of the Italian strand that focuses on the
concept of vulnerability of “territorial systems” for the purpose of optimizing risk
mitigation and particularly seismic protection policies through spatial planning. The
following Table 4 summarizes the basic features of the methodology.
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Table 5: Systemic Vulnerability in Italian Historical City-Centres
(The methodology of the Italian research project “The Safeguard of the Historical,
Landscape and Cultural Heritage of the Italian Seismic Risk Areas” 2002-2004)

Type of hazardEarthquake

Scale: ~ City — Metropolitan urban areas with relevant historical centre

Territorial Vulnerability is a multi-dimensional concept, interpreted as propensity of the city to
vulnerability be damaged by a seismic event. The systemic vulnerability concept highlights the
approach incapacity of the urban system to cope with the seismic event and it is referred to

the relationships among urban sub-systems, to the functional interdependency of
urban areas, to the incapacity of the city to supply the population hit by the
__earthquake with adequate services and equipments. :

Aim To single out priority areas characterized by high levels of systemic vulnerability in
_historical centres of large urban systems

General The systemic vulnerability assessment is based on the definition of territorial units

description of {(HTU) which are homogeneous in terms of age, types and features of urban fabrics
the and demarcated with reference to census unit boundaries. The demand assessment

methodology ‘has been related to the number of users both of residential and tertiary activity and
of urban activities. The supply depends on the functional and spatial features of:
territorial units, which can be measured through indexes referred to the
compactness of the urban fabric, the permeability of the road network, the
accessibility for the rescue teams. The comparison between demand and supply
_defines “critical” areas.

The demand assessment is referred both to spatially distributed activities (PId) and
to polarized ones (PIp). For what concerns the former, 2 indicators have been
selected (population density and concentration of tertiary activities). The values
obtained have been ranked into 3 classes (high, medium, low) and then scores
varying from 3 to 1 have been assigned to each class. The ranking into 3 classes of
the sum of these scores defines the level of demand arising from spatially
distributed activities. For what concerns polarized activities, the hierarchical role and
frequency of use have been considered. The sum of all the scores, normalized and
then ranked into 3 classes, assigned to each activity which is included in the HTU
under consideration defines the level of demand generated by polarized activities
(Pp). The sum of PId and PIp, obtained by assigning scores to the demand levels (3
for High, 2 for Medium and 1 for Low), ranked into 3 classes, defines the demand
level of each HTU (1-2 Low, 3 Medium; 4-6 High). For what concerns supply
assessment, indicators referred to the amount of infrastructures which can be found
in each HTU, the compactness of urban fabric, the permeability of secondary road
network and the accessibility to rescue teams have been taken into account. Each
indicator has been normalized and ranked into 3 classes (low, medium, high). The
supply level of HTUs is defined by ranking into 3 classes the ratio between the sum
of the scores obtained for each indicator and the maximum possible supply score.
The systemic vulnerability level is obtained through the difference between the
demand and supply levels of each HTU obtained by assigning a score variable from
1 (low) to 3 (high).

Assessment
procedure




Main
indicators of
territorial
vulnerability
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For what concerns the demand of spatially distributed activities, the ratio between

population density of the HTU and the average population density of the analyzed
area and the tertiary density index, defined as ratio between number of tertiary
activities and total amount of tertiary activities of the study area per 1000, have
been considered.

For what concerns the polarized activities, to each activity a score, variable from 1
to 3, related to its hierarchical role is assigned (territorial, urban and neighbourhood
level). The frequency of use is defined as the amount per month of operating hours
for each activity (low frequency for 26 hours/month, high frequency for over 240
hours/month).

For what concerns the supply, the infrastructure index (Sv\St) expresses the ratio
between road surface (Sv) and the area of the HTU (St); the index expressing
compactness of the urban fabric is defined as the sum of 3 indexes: building density
(Dt), ratio between the area covered by buildings and the HTU surface (Sc\St),
ratio between open spaces and surface of the HTU (1 - Sa\St); the permeability of
secondary road network is obtained through the sum of 3 indexes referred to the
average length of the secondary roads (Lm), average gradient of secondary roads
(Pm), average of the percentage of the length of curved roads over the total length
of secondary roads. The accessibility index takes into account the gravitational areas
of each emergency activity and the redundancy due to the presence of more

__facilities in the area.

Input data

__data obtained from /n situ surveys such as building height.

The systemic vulnerability assessment is implemented through a GIS. Inputs used
were processed census data, data obtained from cartographical sources and some

Example views|'

Assessing Vulnerability to Earthquakes of Historical Gity-Centres.: An Italian

Research Project

(The methodology within the Italian research Activity Programme of the POLIMI 2002-2004)

The present case relates to the vulnerability assessment of a small historic centre; in
this case the key notion is the identification of specific characteristics of historic

towns that m
cultural identi

ake them unique and therefore vulnerable also to the potential loss of
ty.
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Table 6: Assessment of historic centres vulnerability to earthquakes

Type of

Seismic

hazard @

methodology

Scale Local scale
Territorial Vulnerability is interpreted as a complex concept comprising physical, systemic,
vulnerability functional aspects, related to the influence of buildings vulnerability on city functions
approach and to the vulnerable features that are specific to historic centres (structural blocks,
_relationship between built and open space, accessibility) .
Aim _To provide a methodology for assessing the vulnerability of small historic centres
Description The methodology is based on a number of consequent vulnerability assessment maps
of theand tables, addressing the vulnerability of buildings, structural blocks, roads, electric

lines, openspaces.

Assessment
procedure

Each aspect is addressed separately and then combined in the damage scenario
assessment

Main
indicators of
territorial
vulnerability

Indicators of vulnerability include the vulnerability of blocks considered as a unique
structure as oppose to the vulnerability of individual buildings, the vulnerability of
decorative elements, that, though not fundamental for resistance purposes are
important for keeping the historic centre ambience.

Input data

Example
views

The assessment is implemented in a GIS environment composed of point shaped
elements, corresponding to buildings, open spaces and linear elements,
corresponding to segments of the road and electric network. The input data are
obtained by cartography, in situ surveys.

Vulnerabilita aggregati edilizi e strade

&,
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1.3.1.iii Neighbourhood level:;

Mapping Neighbourhood Vulnerability and Risk to Mud Flows: An Italian
Research Work developed within the UNINA-DIPIST Activity Programme

2006-2008
(UNINA / Di.Pi.S.T. 2008; Galderisi and Ceudech, 2008)

The methodology is again characteristic of the Italian strand that focuses on the
concept of vulnerability of “territorial systems” for the purpose of optimizing risk
mitigation (in this case protection against mud flows) through spatial planning. The
following Table 5 summarizes the basic features of the methodology.

Table 7: Neighbourhood Vulnerability to mud flows
(The methodology within the Italian research Activity Programme of the UNINA /
DiPiST 2006-2008)

Type of Hydro geological — Rapid mud flows
hazard

§cale éNeighbourhood - Urban areas prone to mud flows

Territorial ~ Vulnerability is interpreted as result both of the physical features of individual
vulnerability ‘buildings and of specific features of urban fabric such as, for example, accessibility
approach from the main road network or the permeability of the local road network, which may:
affect the possible exodus of population from the affected area and the access of
-emergency rescue teams.

Aim To provide a method for assessing the risk related to rapid mud flows aimed at
supporting mitigation actions to be implemented through local urban plans.

General Based on the available hazard maps and on back-analyses, the different areas prone
description ofto the mud flows are defined. In the two types of identified hazard areas (impact and
the mud deposit), the exposed elements of any given spatial reference unit (census unit)

methodology [are identified. The selected exposed elements are population, urban fabric,
productive activities, public activities, infrastructures, agricultural areas, forests. For

the linear, such as roads and railways, and areal elements exposure and vulnerability

_lindicators are applied in order to obtain a relative and not aggregated assessment.

Assessment In e_ach census unit{ indicators of each exposed _eIement are applied. The values
orocedure obtained are ranked into 4 classes (low, medium, high, very high) through a “natural
breaks” statistical method and a score, with values from 1 (low) to 4 (very high), is
assigned to each class. For each exposed element, the final vulnerability level is
_defined as the sum of the assigned scores of each indicator, ranked into 4 classes.
Main For the exposed urban fabric, apart from indicators describing physical vulnerability,

indicators of two indicators, specifically aimed at taking into account the territorial aspects of
territorial vulnerability, are defined: the accessibility index, related to the minimum real
vulnerability distance from the gravity centre of each census unit to the point of access to an
urban highway; the permeability index which depends on the length of road network,
broken down to road classes, and on weight coefficients related to the average width,
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_gradient and regularity of the road network.

Input data

The assessment is implemented in a GIS environment composed of areal elements,
corresponding to census units, and linear elements, corresponding to infrastructure
networks. The input data are both statistical data and data obtained by cartography,

Example
views

__aerial photos and /7 situ surveys.

= Confine quartien

3 Ambiti di pericolosita
Vulnerabilith dedl'esposio:
tessutl edilizi

[ Basso
3 medio
= At

El clevato

Assessing and Mapping Neighbourhood Vulnerability to Natechs: An Italian

Research Work developed within the UNINA-DIPIST Activity Programme

2005-2008
(UNINA / Di.P

The method

i.S.T. 2008; Galderisi and Ceudech, 2008)

ology is again characteristic of the Italian strand that focuses on the

concept of vulnerability of “territorial systems” for the purpose of optimizing risk
mitigation (in this case protection against Na-techs) through spatial planning. The
specific case considered is UVCE triggered by seismic event. The following Table 6

summarizes

the basic features of the methodology.

Table 8: Neighbourhood Vulnerability to Na-techs

Type of
hazard

Na-tech — Seismic event triggering UVCE

Scale

Neighbourhood - Urban area prone to Na-tech event
Territorial The vulnerability concept includes physical, systemic, organizational and social
vulnerability vulnerability. The method is focused on the first two components, since these
approach are the most directly related to the spatial and functional organization of the

city which are, in turn, the main field of action of land use planning and
management. Systemic vulnerability mainly refers to the features of the
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territorial system which may influence the emergency response and
management activities following the event, such as the accessibility to the
__emergency equipment in the impactedarea.

Aim A risk assessment method as a supporting tool for land use planning strategies
_faimed at reducing Na-tech risk in urban areas is developed. |

General The method allows planners to take into account all the individual Na-tech risk
description of factors, measured through both quantitative and qualitative parameters, while
the providing them with a Na-tech risk index, useful to rank territorial units and to

methodology single out the priority intervention areas. The method is designed to process
information generally available about hazardous plants (safety reports), natural
hazards (hazard maps) and features of urban systems mainly influencing their
exposure and vulnerability to Na-tech events. The necessity of dealing with
heterogeneous data coming from several disciplines and related to different
risk factors, and of considering “uncertainties”, has motivated us to adopt fuzzy
chniques to handle unquantifiable or linguistic informatio

Assessment Based on available maps and information, the identification of Na-tech-prone
procedure  areas can be carried out through the overlaying of the natural and
technological hazard-prone areas. The latter can be divided into spatial units
(SUs) based on census units, combined with the main land uses (residential,
industrial, agricultural, etc.). Then hazard, exposure and vulnerability features
for each SU have to be measured using fuzzy techniques and indicators
normalized and processed through a MADM. The SUs are the “alternatives” of
the MADM, while hazard, exposure and vulnerability indicators are the
“attributes”. The aggregate Na-tech risk index can be defined through the final
rating of the attributes (average of the attributes’ values). Priority intervention
areas can be singled out through the ranking order of the alternatives with
respect to the Na-tech risk index.

Main éParameters related to systemic vulnerability refer to the accessibility to

indicators of éemergency equipment (hospitals and fire brigades), measured through the
territorial maximum distance between the gravity centre of the SU and the emergency:

vulnerability equipments, and to the accessibility of the SUs by the rescue teams (only the
residential ones). The latter (internal accessibility) has been defined through
the normalized sum of qualitative judgments (high, medium, low), converted
through fuzzy techniques into numerical scores, related to the urban fabric
compactness (building density, presence of open spaces, etc.), the gradients
of the secondary road network and its irregularity (orthogonality of crossroads,
gularity of building plots, presence of windingroads).

Input data  The method is implemented in a GIS framework to easily provide planners with
comparable maps able to figure out the hazard factors and the territorial
features influencing the exposure and vulnerability and is fully based on
_common censusdata.




Example
views

Urban Vulnerability Assessment in a Developing Country: Implementation of
the POLIMI methodology within the Alfa funded project Centralrisk 2004-2006
(Andrés and Rodriguez, 2008)

This case refers to an experience developed in the context of a EU funded project
under the Alfa program of cooperation with Central America. It is shown how the
methodology can be applied at relatively moderate costs also in developing
countries, providing as an output interesting suggestions for retrofitting and
mitigation.

Table 9: Urban vulnerability assessment in a developing country adopting the

PO
Type of
Scale

Territorial
vulnerability

Aim

General
description of
the
methodology

hazard

approach

LIMI methodology

Seismic

LOCAISCAR | e

Vulnerability is interpreted as a complex concept comprising physical, systemic,
functional aspects, related to the influence of buildings vulnerability on city functions

To provide a methodology for assessing the vulnerability of cities in developing
countries

The methodology is based on a number of consequent vulnerability assessment maps
and tables, addressing the vulnerability of buildings, structural blocks, roads, electric
ines, water conducts, open spaces. It is shown how the methodology can be applied
and provide useful mitigation suggestions in a developing country. In particular this
work has been conducted in the city of Granada, Nicaragua, in the context of an Alfa
funded project, Centralrisk.

Assessment

procedure |

Each aspect is addressed separately and then combined in the damage scenario
assessment
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Main

Indicators of vulnerability include the vulnerability of buildings, block of buildings,

indicators oflifelines, public facilities. It considers also induced risks, due to the presence of

territorial industrial facilities.
%Input data The assessment is implemented in a GIS environment composed of point shaped
elements, corresponding to buildings, open spaces and linear elements,
corresponding to segments of the road and electric network. The input data are
_obtained by cartography, in situ surveys.
Example
views Indice de Vulnerabilidad
T T T I N LEYENDA
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1:12.000

Processes of Seismic Vulnerability Redistribution: Small Manufacturing Firms

in Western Athens after the Earthquake of September 9/1999
(HUA research project 2003 and Sapountzaki 2005)

The whole approach has been based on two basic methodological assumptions:

(a) The breakdown of vulnerability into three constituent components as these
have been perceived by Pelling (2003), namely exposure, resistance and
resilience.

(b) The conceptual division of urban entities (or micro-territorial units or social
domains) into two basic categories the producers and carriers of vulnerability.

As it has been already mentioned the approach does not assess territorial
vulnerability to seismic hazard (of the area covered by eight Municipalities of Western
Athens) with conventional methods (i.e. GIS, mapping etc). It outlines instead
processes of transference of vulnerability from macrostructures to individual agencies
and micro-territories, from institutions and the political-administrative system to
individual building structures and private social entities, or vice versa from one social

Este mapa fue oblenido & raves
digitalizacion de ortcfotmapas do 2004

ator (UTM
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1.000
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domain to another and finally to the wider urban territory. Hence, the value of this
approach as regards territorial vulnerability rests on the possibility it offers to locate
the origins of territorial vulnerability and its dynamics (from and towards private and
collective entities and institutions, higher and lower order spatial scales).

As regards the Exposure element of vulnerability to seismic hazard of SMFs in
Western Athens, it has been documented by the study that this is more or less
external and involuntary, i.e. beyond the control and coping capabilities of the
entrepreneurs. Exposure in this case originated mostly from macro-structures and
institutional factors: the location and structure of the wider Metropolitan Region, the
vulnerable conditions of the physical structure of the western Athenian districts, the
building networks that breach building law and land use regulations, the
Governmental authorities that turn a blind eye to breaches of the law. The
responsibility of SMFs for their overall exposure has been limited, owing basically to
contraventions of health and safety rules in industrial premises. This has been
evidently the case in rented accommodation. In such cases producers of vulnerability
have been the landowners, the builders and all those whose actions had had harmful
effects on the endurance of the industrial premises. Among the vulnerability
producers are governmental agencies and administrative authorities, which allowed
thousands of builders and private individuals to form and change for the worse the
built environment of Western Athens. Thereby institutions and macro-economic
structures in Greece produced over and there vulnerable urban districts and
increased the exposure element of vulnerability of distinct social domains and micro-
territorial units (Sapountzaki 2005).

Resistance in the case of SMFs was defined by the study in terms of their economic
and other reserves that are not directly impaired by physical damage and which the
firms can afford to draw on for their post-disaster recovery. (In this sense profitability,
liquidity, the degree of dispersal of fixed capital, being a franchise or part of a chain
instead of an individual, single location firm, the proportion of reserve funds vis-u-vis
net fixed assets, outstanding debts, staff commitment and company reputation are all
factors that affect the firm’s resistance potential).

The resistance potential of the SMFs of Western Athens has been found by the study
to be very low, due basically to their smallness. These were found to be individual,
single location firms with low levels of profitability and an extremely restricted cash
flow. They were saddled with debts, had a minimal number of long-term, regular
employees committed to the firm and their fixed capital was more or less
concentrated in one place. In this regard increase of the resistance potential
depended on growth and development of the firm. It was proved then that resistance
is an attribute that is determined primarily by the same the agency or the socio-
spatial domain under stress. Surely, governmental institutions may increase or
decrease resistance of firms and other agencies by means of public policies but
resistance rarely is a property that is transferable from one agency to another within
the context of the free-market regime.

By contrast with resistance the Resilience potential of SMFs in Western Athens
proved to be high and most of them owe their recovery to this potential. This was
related to flexibility and the capability of firms to operate with the help of informal
practices that eliminate and externalize recovery costs. Such practices however may
increase the vulnerability burden placed on interconnected agencies, subsystems or
social domains. The study acknowledged as resilience assets the following
availabilities: access to credit; multiple suppliers and customers and/or product
markets that are geographically dispersed; family and social support networks; formal
or informal insurance; rental status facilitating mobility; flexible forms of employment;
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access to political and administrative mechanisms and trade union membership
providing access to resources and political power. The SMFs considered were in a
position to draw on several of these assets. According to the study the most
important “asset” was the informal, semi-illegal character of the socio-economic
environment within which SMFs operated. As a result the owner and family members
could work extra hours, illegal immigrants could be employed, mandatory
contributions did not have to be paid, activities and assets could be concealed and
companies could function without a legal permit from the appropriate agencies (HUA
2003). These defensive practices facilitate externalization of recovery costs and act
as a lifebelt for firms that otherwise would face definite closure The same spatial,
institutional and socio-economic macro-structure that created exposure problems for
SMFs lend them resilience through a diffused nexus of informal conveniences and
relieved them of a part of their vulnerability (Sapountzaki 2005).

The recovery process after the seismic event of September 7, 1999 in Western
Athens has been a series of successive comings and goings of vulnerability. When
governmental institutions had the upper hand they attempted redistribution of
vulnerability by favouring decrease of physical vulnerability alone and leaving socio-
economic vulnerability to increase (i.e. to be transferred to disadvantaged social and
economic agencies). Conversely when individual agencies assume the leading role
in recovery they shift vulnerability burden to other (interconnected) agencies and the
macro-structure of the city.

1.3.1.iv._Adhoc Spatial Scales for Territorial Vulnerability to Floods

Considerations of territoriality and vulnerability to floods introduce the complication of

hydrological/hydrographical territorial units and the scalar hierarchy which is

commonly used in flood risk research, planning and management:

e river basin/catchment level (which may in some circumstances be international in
composition);

e compound catchment level e.g. estuary planning units;

e sub-catchment level or shoreline (coastal) unit level;

e floodplain management units.

However, existing approaches to territorial vulnerability to floods are also commonly

organized using the following scalar hierarchy:

e regional level (this may be equated with the river basin/catchment level)

e functional urban area or metropolitan level (may be located within or span
compound catchments, catchments or sub-catchments)

o floodplain community level (may be located within compound catchments,
catchments or sub-catchments); and

¢ individual household, individual business or individual person level (may be
located within compound catchments, catchments or sub-catchments).

The research team of Middlesex University has elected to employ a combination of
these scales, distinguishing between six levels which reflect our consideration of
territorial vulnerability and floods. Methodologies are numbered in parentheses so
that they may be cross-referenced to Table 7. Hewitt's (1997) methodology is not
referred to further below because, although his methodology can be described as a
human ecology perspective on disaster, his work addresses territories at all scales.

The identity given to the methodologies below is hardly ever clearly named and
expressed in the publications to which MDX refers, and therefore the titles given to
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these methodologies have been chosen by the MDX team. Note that the numbers in
parentheses in the left-hand column of Table 10 refer to the same numbers also in
parentheses in the following sections discussed below.

Table 10: Parameters/indicators according to scale of territory

Parameter or indicator
used in methodology
(methodology number)

River
basin/
catchment
/ regional
level

Compound
catchment/
metropolitan
level

Functional
urban/
metropolitan
level

Sub-
catchment
/ shoreline
unit level

Floodplain
community/
floodplain
management
unit level

Individual
household,
business
and
floodplain
occupant
level

River discharge (1)

Floodplain type (1) (2)

Flooding type (1) (4)
(6) (12) (13)

Depth of flooding (1)
(2) (6) (10) (12) (13)

Speed of flooding
onset (13)

Physiographic & agro-
ecological region type

(1)

Degree of adaptation
of building or
settlement patterns
and infrastructure to
flooding (1) (2) (6) (10)
(13)

Land ownership type
(owner/tenant) (1) (9)
(10) (13)

Degree of adaptation
of cropping patterns to
flooding (1)

Environmental factors
(changes in river
courses, human
interventions, global
warming (1) (6)

Dwelling type
distinguished by
construction materials
used or no. of storeys
(2) (10)

Size of business
enterprise (2)

Type of business
enterprise (2)

Flood awareness (2)
(6) (10) (12) (13)

Flood forecasting
accuracy (6)

Flood warning
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Parameter or indicator
used in methodology
(methodology number)

River
basin/
catchment
/ regional
level

Compound
catchment/
metropolitan
level

Functional
urban/
metropolitan
level

Sub-
catchment
/ shoreline
unit level

Floodplain
community/
floodplain
management
unit level

Individual
household,
business
and
floodplain
occupant
level

response (2) (6) (10)
(12) (13)

Household
characteristics
(affecting health
damage) (2) (7) (8) (9)
(10) (12) (13)

Monthly income
compared to monthly
house rental values (7)

Existing health status
(12)

Incidence of
diaorrhoeal disease &
causes of morbidity (2)

()

Capital intensity of
business enterprises
(affecting flood
damage) (2)

Linkage effects in the
economy (2)

Urban sprawl and
development,
regeneration of
floodplains (3) (6)

Co-location of premier
banking and finance
centre within
floodplains (4)

Income inequality and
social polarization (3)

©)

Public flood risk
information
accessibility and
availability (3) (6) (7)
(8) (13)

Degree and
effectiveness of
institutional or
community learning (3)
(13)

Gender of
motorists/drivers/
householders (5) (8)
(12)

Optimism bias of
drivers (under-
estimation of flood risk)

(5) (8)

Degree of flood
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Parameter or indicator
used in methodology
(methodology number)

River
basin/
catchment
/ regional
level

Compound
catchment/
metropolitan
level

Functional
urban/
metropolitan
level

Sub-
catchment
/ shoreline
unit level

Floodplain
community/
floodplain
management
unit level

Individual
household,
business
and
floodplain
occupant
level

experience (4) (5) (8)
(12) (13)

Direction of change of
flood risk management
policy (i.e. increasing
or decreasing the flood
risk) (6)

Climate change (6)

Rate of deterioration of
existing flood defences

(6)

Risk of failure of flood
defences (6)

Degree of organisation
and effectiveness
potential of emergency
services (6) (13)

Population density (6)
9)

Homelessness (6)
(12)

Social deprivation (6)
(12) (13)

Flood insurance
ownership (6) (12) (13)

Access by the poor to
resources (e.g. low-
interest loans) (7) (9)

(11)

Influence of power
alliances (9) (10) (11)

Ethnic group or
composition (12)

Influence of apartheid

(11)

River basin/catchment/regional level

Three empirical assessment methodologies are represented in the conceptual
approaches identified in 1.2.3. The first is an integrated “Man and Environment”
methodology (1) reflecting geographical origins, in which the “physical setting” (i.e.
river catchments, flood plain types, flooding types, physiographic regions agro-
ecological regions) are related to “human use” systems including settlement and
infrastructure, population, land use, cropping patterns and political responses to
floods (Brammer, 2000). Vulnerability is viewed as an outcome of these “overlays”,
and the methodology is designed to generate an “explanation” of the plight of the
relevant territory e.g. Bangladesh with regard to flooding. The definition and use of
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the concept of vulnerability in this case is very general and the explanation of
vulnerability is shallow. The methodology requires national level data (e.g. on
physiography, flood types etc.) broken down into mapped regions, a mix of
quantitative and qualitative data (e.g. on cropping patterns, flood depths etc.) most of
which are available in reliable form from Flood Action Plan outputs.

The second is a “Micro and macro economic methodology” (2), focused upon three
urban areas but subsequently generalized to the regional/national level (Islam 2005,
2006). The origins of the methodology are part geographical (land use studies) and
part applied economics, being a blend of the two. With regards to Bangladesh, the
author’s aim was to contribute to an understanding of urban flood loss potential and
its regional and national impact potential in the country, and the analysis benefits the
broad drive to reduced flooding in that country. Economic values representing flood
losses to major land use types (e.g. dwellings, businesses) are used to assess
vulnerability to flooding of different socio-economic groups in Bangladesh.
Subsequently the vulnerability of the urban economy to floods is modeled using
input-output methods to determine the differential vulnerability of economic sectors
and urban areas. The methods have many strengths (the data collection and analysis
is almost heroic) and few weaknesses, except that only 3 urban areas are used to
generate the national assessment and some data reliability issues arise.
Quantitative data are required at individual household and business level, and are
gathered from primary survey sources, but the macro analysis uses nationally
available quantitative data on flows and stocks. Output data are impact values for
floods in Bangladesh at different scales, local, regional and national.

The third is a Planning methodology (3) used in England, but also we believe in many
other countries, which employs the river catchment as a basis for examining flood
generating processes, exposure, vulnerability, resilience and other dimensions, and
for constructing flood risk management plans which partly aim to reduce vulnerability
(but also to reduce flood risk, flood exposure and so on).

Compound catchment / metropolitan level

Three quite different empirical assessment methodologies are represented in the
conceptual approaches identified in 1.2.3. The first is an integrated “Man and
Environment” methodology (4) reflecting geographical origins in which physical
setting and human use systems are analysed to uncover spatial and temporal
patterns of risk, exposure and vulnerability in the context of a “Mega-city” (e.g.
London, Seoul). The London mega-city spans at least 8 major river catchments. The
authors (Parker, 1999a; Kiw-Gon Kim, 1999) sought to deepen understanding of the
special (i.e. unique) risks and opportunities which mega-cities and their governments
face in combating floods. The methodology suffers from lack of data at the mega-city
level, and the incompatibility of data at the intra-governmental unit level, and a lack of
GIS representations of these data for mega-city spatial scale (although in the case of
London this problem has receded since the London study was completed). Data are
required, for example, on the number of properties and lengths of transportation links
of different types in floodplain units across the mega-city with accurate altitudinal
data for each. Data is also required for the population characteristics of discrete
floodplain units but these data are only just becoming available in London, and not
for the entire mega-city. Output data include qualitative assessments of trends in risk,
exposure and vulnerability in the past and future (see Parker and Penning-Rowsell,
2005).
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The second approach is Ruin et al's (2007) “Cognitive mapping and interview
methodology” (5) employed to “map” and understand French motorists’ decisions
about driving (or not) and route-taking through compound catchments in the Gard
department of southern France. The intent was to develop output data and
understanding which can be used to improve public education and transportation
planning to make motorists safer, and the research generates some very useful
findings. The methodology has no apparent weaknesses with the exception that the
sample size could have been larger. Output data are cognitive maps, binary and
qualitative data.

The third approach is the TE2100 flood risk management plan: the Thames estuary
includes the catchments of numerous rivers and streams as well as the Thames
(Environment Agency 2007, 2008). The methodology is a “Fully integrated, multi-
dimensional and multi-disciplinary risk assessment with embedded vulnerability
assessment methodologies” (6). The anticipated results are a comprehensive flood
risk management plan focused upon reducing flood risk (through preventative and
adaptive strategies) and managing economic and social exposure and vulnerability to
floods to 2100 and beyond. It is difficult to identify shortcomings in this vast study at
this stage, prior to final plan publication, but data deficiencies are unlikely to be
problematic since so much effort has gone into generating the data required. Data
used in this methodology are multi-faceted (i.e. “you name it and it is available in this
study”), but the vulnerability data include very detailed population, social, economic
and property level data for over 20 “policy management units” which comprise the
estuary study ar