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Operationalizing urban resilience to floods in embaked
territories — Application in Avignon, Provence Alpes Cote
d’Azur Region

Abstract. Over-urbanization coupled with a climate change leal to an increase in urban floods, both in
frequency and intensity. Faced with growing undetis, managers are struggling to find approprigsk
management strategies. Alongside traditional rigihagement strategies, the concept of Urban Res#lién
embedded in political discourses, international @l strategies. However, this concept remaiik v&ry
abstract for a lot of actors, a buzzword diffictdt operationalize. The objective of this work isdoncretize
urban resilience to floods by proposing a spatetiglon support tool co-built with urban managéerbe
proposed methodology is a holistic approach intéggathree indicators of resilience applied to fhégnon

case study (Provence Alpes Céte d’Azur Region).

Key words: Urban floods, urban resilience, climate changejsion-support tool

1. Introduction: An increase in floods in urban areas
1.1 Urban floods

The current context of climate change, leadingridrerease in natural disasters of about 2% / year
over the past fifteen years (Catastrophes Natsr@leservatoire permanent des catastrophes natuedlldes
risques naturels, 2016), associated with the iserda people and goods in urban areas, has coablger
weakened cities. Among these disasters, floodsggms to be the most problematic (Vinet, 2010)stitoing
47% of climate-related disasters over the perio®518015 (UNISDR and Center for Research on the
Epidemiology of Disasters (CRED), 2015).

In total, the EM-DAT (Emergency Events Databas&prded an average of 318 natural disasters in
2017, affecting 122 countries. While the numbedediths in developed countries has decreased innsspo
this risk, 2017 is the second most costly year {€efor Research on the Epidemiology of Disast@RED),
2018). Regarding risks, floods are still the mospensive natural disaster, which could reach 10@otbi
euros/year by the end of the century (Barroca €t28113) in Europe. This is mainly due to the iasiag

concentration of goods and people in urban areas.

1.2 An increased urban population

This accelerated mutation (Beaud, 2000) has ledahityn to reach 7.55 billions of people. This
increasing mainly urban population, 50% of peoplmg in urban areas (Serre, 2016; Zevenbergeh,e2@10)
(Zevenbergen et al., 2010), is problematic relatedhe risk of flooding in the city. The rapidityf ohis
phenomenon, urban areas having increased from hO%tei 90s to 50% in only two decades (Meerow et al.

2016), weakens the territory because cities arepmepared or equipped to handle the needs of such a



concentration of population. This, for lack of dahle land space, is coming to settle in areashkt(Barroca et
al., 2006). Thus, one disaster out of three corceities with more than 500,000 inhabitants (Dan@hand
Provitolo, 2013). What can we do when in Francafiahabitants and 1/3 of employments are setthefiioiod
areas? (Gonzva et al., 2015) This urban growthowrlp controlled and contained by local developans|
politicians. New neighborhoods are emerging, wibhadlequate equipment, in risky areas such as foode,
polluted, unhealthy areas. With cities occupyindyot® of the world's territory (Dauphiné and Proi,
2013), developed countries have never concentraitee value per square kilometer (Albouy, 2002) than
present. This concentration of population on suamall portion of the territory has increased tpatisl and
social vulnerability via the exposure of the stafgdger and Brooks, 2003). Indeed, it seems logiz&ionsider
that the more a population and its stakes are cdraded on a small area, the greater the damadeauilA
flood in an uninhabited area will not be consideesd apprehended in the same way as in an urban are
(Mitchell, 1999). It is no longer just natural désars that impact cities, but urbanization thati¢eto over-
vulnerability, an anthropic vulnerability (Pidgeand O’Leary, 2000), leading to a melting pot of ofipnities
for risk amplification (Mitchell, 1999). Urban ridk therefore composed by vulnerability and expeg@ardona
et al., 2012) such as urban concentration whi¢chésefore seen as an aggravating factor in riskagament. If
we take the example of the 2001 attacks, only 1%ultlings in New York were destroyed (Dauphiné and
Provitolo, 2013) while human losses were very hdaegause of the high density. This density alsopticates
emergency services, which may be hindered by tlee-ogcupation of the territory. In these urban sgawe
observe the increase in natural risks but alsatéation of new forms of risk (Mitchell, 1999; Reglza, 2006).
The interconnected architecture of economic, spgalitical, commercial, administrative, etc. adtas in
modern cities and a globalized world tend to creatdnterdependence of networks (Helbing, 2013etindr
formal (technical networks) or informal (socialéntelations). The most frequently cited exampléhis 2005
disaster in New Orleans (Pescaroli and Kelman, pOfblowing the passage of Hurricane Katrina inghist
2005 (Kelman, 2007). The hurricane and the storrmewhdave resulted in 1,833 fatalities. Because ef th
interdependent networks, secondary events haverredcsuch as the destruction of vital utility netksy the
creation and diffusion of pollution and the lossstrfategic areas (Moynihan, 2009). The return tomab has
been extremely complicated, particularly becausayns@rvices had been destroyed such as electsertyices
(3 million citizens without electricity for severaleeks) , transport networks (reducing the capdoitgieliver
food), communication networks (3 million customerghout phone), but also critical infrastructuragls as
emergency services and hospitals, leaving hundredsons without basic supplies (Knabb et al., 2006)his
case, it is not only a natural hazard that hasmedubut a natural hazard that impacted an anitrelity and
vulnerability, because of an interdependent urbardvand activities. The interdependence then plagsrole
of a risk diffusion factor. According to the contep the cascading effect (Nones and Pescaroli§2B&scaroli
and Kelman, 2017; Pescaroli and Nones, 2016; S&eHeinzlef, 2018) that is to say a chain reactiansing
impacts in one territory, some areas are affectethé flood, even if they were not located diredtlythe risk
zone. Networks then act as vectors of risk propagdthomme et al., 2013). Societies and systegridtories
are therefore deeply vulnerable to potential fuordi disruptions due to a crisis (Boin and McCohriz007).
Thus, if natural hazards persist (earthquake, fldadricane, avalanche, etc.), it is transformedabgocial
hybridization (Reghezza, 2006), by the actions prattices of man on its environment. The hazarthés
modified by urban practices, urbanizations, andzeits (Ale, 2005; Reghezza, 2006). Thus, while natu



hazards are not new, their impacts are evolving tduerban movements, urban growth and urban straictu
changes (Reghezza, 2006). Faced with this rapidnizhtion and the emergence of these new risksageais
have to manage a series of uncertainties (Steeraan, 2011). These uncertainties, linked to clenehange
(Adger and Brooks, 2003; Gonzva, 2017) , to urketion, to the complexity of the systems (Lhommaelet
2013), to the emergence of new actors and new, resksplicate the management of urban risks. Fadéd w
these increased uncertainties (Gersonius et al3)2@he answers provided by scientists and masaaer also
in transition. Formerly risk-oriented managementlfBon et al., 2016), it tends today to integragedbncepts

of vulnerability and resilience, taking more intmaunt the systemic aspect of a territory.

The goal of this paper is to defend the theory thatvulnerability concept may have some limitagion
both on the theoretical field and practical stregegwhereas the resilient concept is more adaptedvisionary
policy approach (Serre and Heinzlef, 2018). We ddfine in a first part the conceptual resilienoaaept and
its limitations in concrete applications. In a set@art, we will describe how we designed a readil@ecision
support tool, thanks to a research-scientist cofiaion and managers of the territory, with a ol

application in Avignon.

2. Resilience, an urban flood management concept
2.1 Definitions of Resilience

For the past twenty years, the resilience concagptieen the showpiece of risk management. However,
its multidisciplinary use makes it a polysemic ogpic Michel Rutter is comparing it to a new Rordhéest that
would allow different actors to project their inpeetations (lonescu, 2012), and transform it intouazword
(Davoudi et al., 2012; Shaw et al., 2014; Weichsgiger and Kelman, 2015). From the Latin weoedilientia
(re, back;salire, jump), the term resilience is used for the finste by Francis Bacon in his latest work, Sylva

Sylvarum or Natural History, to describe the 'bdngtnoise made by the echo. The first meaninggmyivy the

English language, of the word resilience thus mémsebound", "to recover". Formerly used it ire thhysical
field, then in the psychiatric field, the resilienconcept is defined by Holling as the capacitamieco)system
to absorb disturbances, to recover after a magnugtion and to restart activities (Holling, 19738dapted to
risk management, resilience can be definedfas dbility of a system, community or society eggdde hazards
to resist, absorb, accommodate to and recover fitmereffects of a hazard in a timely and efficieahner (...).
The resilience of a community in respect to po#éritazard events is determined by the degree tchwihie
community has the necessary resources and is capdhbbrganizing itself both prior to and during &s1of
need (UNISDR-United Nations International Strategy fDisaster Reduction, 20097 he resilience concept
highlights the idea that disturbance is not negégssegative but on the contrary is fully involvéd creating a
new model by supporting the idea of innovationyi@sy, rebound and change (Folke, 2006). The distor
system must be able to evolve, adapt (Bahadur.,e2@l0; Carpenter et al., 2001; Folke et al., 20déxover
from (The Rockefeller Foundation, 2015), absorbnges (Chelleri, 2012; Gunderson and Holling, 20&&)

persist. It is therefore a proactive capacity thatsystem has to develop in order to react irffabe of the flood,



developing learning ability (Vale and Campanell@p2; Zevenbergen, 2016; Fuchs and Thaler, 2018) and

anticipation abilities (National Academies (U.2012).

2.2 Theoretical position

The resilience concept can operate at differenpteal scales, usually following the different stepa
disaster (Fuchs and Thaler, 2018). Some authorsidemthat resilience approach must be done aftdoak,
evaluating the resilient components post-crisisi(8ars and Becker, 2015). However, some studiehasige
the idea that resilience must be considered aordinuum beginning by a preimpact phase (including
preparation strategies) and going to a post-imphate (mitigation measures) (Fuchs and Thaler,)2018s
study considers that resilience is a process imhéoehe internal system functioning (Serre anéhidef, 2018).
Therefore there is no need for a shock to expresem’s resilience, this capacity (or capabilitydi@tolo,
2012)) could be pre-existing a crisis. Resilienbaracteristics can exist and be identified a-cloalhi and
constitute a potential for resilience. Resiliensetherefore considered as pre-existing (Fig.1l) evetbping
characteristics in such a way as to make the syfieedible, adaptable, elastic in the face of shagik,as to
prepare, survive and redevelop an activity afterdfisis by learning from failures or successess Ehientific
positioning makes possible to analyze urban resiieas a continuum (Fig.1), highlighting proactbepacities
that the urban system must develop in order t@¢teh the face of the disaster, thereby develofgaging and
anticipation skills. Resilience is therefore nogena skill that can be observed only after thsigrbut rather a
concept that would define a learning process (Brand Jax, 2007; Davidson-Hunt and Berkes, 2002;
Gunderson and Holling, 2002) via a culture of riskganier, 2015) over the long period of time dgrimhich
the shock would only be a trigger and reveal thdnsic capacities of the system. From this poihwiew,
resilience and vulnerability are no longer in oppos but participate in the definition of the imeat
characteristics of the systems. The shock will theake it possible to highlight these resilienced/anthese
vulnerabilities. Nevertheless, these charactesisten be revealed by the shock. Resilience facemsthen be
identified a-chronically, over a long time (Dami&erre, 2011) in order to study and develop resiéen
potentials (Reghezza-Zitt et al., 2012; Serre amihtef, 2018). Resilience always refers to a retir an
acceptable balance, whether pre-existing or new.
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Figure 1: Resilience process on a long term

This concept refers to technical, urban, archit@ttupolitical, economic, social, management,
environmental innovations in order to (re)question risk management systems and approaches. Jhiion
to innovation perfectly suits our complex and etigkl urban world. Nevertheless, and despite a Sagmit
increase of the resilience concept (Meerow e28i1,6) in urban risk management, concrete advarniebave
to be made. Perhaps due to its over-use (FuchsThalbr, 2018; Weichselgartner and Kelman, 2015);, fe
practical integration of this theoretical concepté been made (Klein et al., 2003). Furthermor nthjority of
nowadays’ studies are essentially turned arounakchnical-organizational resilience (Koks et al.,.120
Lhomme et al., 2013; Serre, 2016; Toubin et all,52Bozza et al., 2018) but without taking into @aat its
social dimension. The goal of this research itmncile urban, technical and social resiliencédoilitating the
understanding of this concept and more precisalyintegration in urban planning policies and urlvsk
management. To operationalize resilience, this vi@&iming at co-creating a spatial decision supfoml with
urban managers in order to integrate the theotetimacept into urban practices and flood risk mamagnt

policies.

3. Measuring and mapping urban resilience to floods
3.1 State of the art

Several researchers have attempted to calculajgrdipensity of a society and / or territory to erkprece shock,
and its intrinsic abilities to recover. Cutter r@xt@mnized social vulnerability by creating its &x - SoVI - to

examine the spatial distributions of social vulhdity to natural disasters. Its application, testen the US



territory, is intended primarily for an audiencetefritorial managers to improve planning practideslicators
have been categorized into social resilience, eaninoesilience, institutional resilience, resilienafrastructure
and community capital, to provide a global viewsotial and spatial interactions. Following thisajat global
vulnerability map was produced in the US, with higbcial vulnerability (over 20%), moderate social
vulnerability, and low social vulnerability (ledsain 20%) (Cutter and Finch, 2008).

More recently, Norwegian researchers have develapethtural hazard vulnerability indicator for
Norway (Opach and Rgd, 2013). This indicator stéws the realization that urban designers haveaifies
in territorializing vulnerability in terms of spaead population. Their tool, ViewExposed, has ir¢ed various
hazards present on the territory of Norway, flootisdslides, storms and avalanches. To quantifg thi
vulnerability of territories and populations to thieks, the scientists worked on the "integratetherability”
(IntVI), the linking of the exposure to a risk atite capacity of the local populations to resistritaddition to
the exposure index, social vulnerability was tak&io account, with various sub-indicators, sociowemic
vulnerability (unemployment and demographic trendsability of the municipality, socio-economic giat
qualifications, etc.) and the vulnerability of theilt environment (lifelines, aging of buildingsemkity of
facilities). This tool was designed for a public miofessionals, local elected officials but also flee local
populations.

While these tools have been designed around theepbrof vulnerability, others address resilience in
order to map it. These works are valuable avenmeseflection to work on the implementation of dwncept of
resilience on the territory. However, this analysfsurban resilience is essentially based on tlohrieo-
organizational prism (Toubin, 2014). A function&idy of the city to measure or improve its resitieroften
seems to be the most obvious. Because of theidbasting capacity, networks are regularly subjettethis
analysis. A case study in Dublin was carried odhwlie aim of developing a GIS prototype to analgifferent
characteristics of resilience, the absorption céypdice. the capacity of a network to functiondpite of events
disruptive), recovery capacity (i.e. the abilityahetwork to return to service as quickly as fmesiand lastly
resilience (Lhomme et al., 2013). The objective wmfacilitate the integration of the theoreticahcept with
the managers' practices. The final mapping classtfie city into different areas of resilience, a@ing on their
ability to return to service after the crisis.

More systematically, Suarez has devised a glolmlxrto measure the spatial resilience of a teyitor
with indicators as diverse as modularity, tightnekfeedbacks, social cohesion, innovation and riagdional
diversity (Suarez et al., 2016). Most of the intlica that have been defined are composed of alsec@omic,
institutional and physical dimension.

These studies work at the urban scale of the ity /aor agglomeration, but some researches have
chosen to study buildings to measure potentialieese. Nguyen focused on measuring the resiliesice
households to floods by asking people about theméds based on architectural and material charatitsri
(Nguyen and James, 2013). This methodology has tmesed and deepened in Norway to create a guide on
how to prepare for climate and weather events thay affect individual homes based on building and
geographic characteristics (Johansson et al., 2016)

Although important for our research, these stutlighlight the limitations of a vulnerability / réigince
approach. Each of these studies highlighted thigcudlify of jointly studying the vulnerability andesilience

intrinsic to territories and urban populations. Eaver, among these few lines of thought cited,&egmples in



this work, many are essentially turned around &hrt®o-organizational resilience, without taking oint
consideration its social dimension. The objectisgherefore to facilitate the understanding of tla¢ion of
resilience, and especially its integration into ag@ment and planning policies, at the crossroadsrimdn,
technical and social resilience. This work aimgperationalize resilience by creating a spatiaisiec support
tool that integrates the theoretical concept imtwan practices and flood risk management polidigsough its
joint construction with urban services, as weltl®ugh its holistic approach, this work seeks dambine the
different approaches already established, whilepeleiag the concept of resilience by studying these
components at once social, technical and urban.

The objective of this work is therefore to addressilience in all its complexity, in all the compmns
that make up the territory, to operationalize ibtigh spatial mapping, but also to measure the é¢inpanew
urban projects on territorial resilience. The pregubwork is therefore carried out at two scales sipatial scale
of a city and the scale of the urban project (BEset al., 2015), in order to concretize the intdional

injunctions of resilience (The Rockefeller Foundati2015).

3.2 A holistic methodology for resilience to floodassessment
3.2.1 Resilience indicator modelling

Our research highlights the idea that the resiBeapproach must be concentrated on both multiple
social and territorial dimensions and interactiddsr goal is to understand and to point out theattaristics
which could decrease or increase urban resilieBearing in mind that resilience is considered aslaitity, a
capability of a society or a territory to plan faclapt, absorb, recover from, learn, evolve, wedttb select
some inherent traits which would participate toalep a resilience territory.

Over the last decade, the use of indicators has ineeeasingly developed in risk management as they
may measure or/and operationalize variable to desen extraordinary phenomenon (dien, 2001). htdis
are valued because of their ability to integratgdaamounts of information in an easily understatelform,
making them valuable communication tools and imstnts of action (Freudenberg, 2003). They can assum
different kind of functions, simplify the data witht losing sight of the role they play as an impott
communication tool specifically for policy makingiéh public communication (Cutter et al., 2010). hist
research, we developed several indicators, themsalwided into specific variables, in order todstiboth
inherent vulnerabilities and resilient charact@rtsbf a society and a territory. It is establishesle that these
variables indicate a potential for resilience iderto revive a social, economic, urban, and syistetivity
after a shock. These indicators have been buidir &t translation of the Baseline Resilience Inaicatfor
Communities (BRIC) methodology (Cutter et al., 208Bgh-Peterson et al., 2014) and constitute mafdkical
resilient index (Tate, 2012) constructed on thasbasthree indicators of urban, social, techniegilience (Fig.

2), a city being composed by populations, netwogksjronment, infrastructures, buildings etc. (Limenet al.,
2010).



Urban Resilience

(_ Critical infrastructure / T
(_Economical dynamics )

Social Resilience Technical Resilience
|

Civil engineering

Education

—~

Vital networks

//( Professional situation ) ( Resource management )

{\ Risk knowledge/perception /\)

Figure 2: Resilient hierarchical index

a) Social resilience
It is maybe the most sensitive indicator. Sociallience can be defined as the capacity of a ptipalao adapt
and recover from disturbances (Hutter and Loref482 Many factors can allow a social entity togutively
act, react and redevelop activities or interactiaugh as the age (Cutter et al., 2010), the palifnvestment
(The Rockefeller Foundation, 2015; Voss, 2008), sheioeconomic status (Flanagan et al., 2011) rigle
knowledge and perception, diversity etc. We undeusdtin this study social resilience as a social roomity
resilience (Wilson, 2013) and not individual resiice (Hutter and Lorenz, 2018). Following the Bdeuith
conception, we consider that social resilience isnaltiple concept, based on few variables as paison
dispositions and habits, knowledge and perceptiwh educational qualification (Bourdieu, 1984). Tinain
idea is to pay more attention to the capacitiepabdities and resources of a population in ordeproactively
adapt components to a potential disturbance (HattdrLorenz, 2018; Serre and Heinzlef, 2018). Waikhnot
forget that population revitalizes territory aftercrisis, and that social resilience may createdifference

between vulnerability and resilience (Hutter anddnz, 2018).

b) Technical resilience
We understand as technical variables all the n@teemponents interconnected such as urban networks
Transport, gas, electricity, water networks (tlzgje, their ability to resist, absorb, recover fr@@arre, 2016) are
integrated into this indicator). Indeed, receneegshes highlight the impact (negative or/and paitof the
urban networks during and after a crisis. Theyem®ential to the good functioning of a city, conimgcmore
and more people and territories and, in this wéfgring a variety of resources and opportunities they also
may create interdependence situations (Serre aridzldg 2018). They may, by their interconnection
characteristics, propagate the floods beyond gebgral and functional border (Boin and McConnel0Z),
and by this way, the failure (Lhomme et al., 20 )hough they are essential to create dynamidatiomships,

opportunities, they also create vulnerability orearitory. One single failure may create cascadafigcts



affecting the whole city, because of the reticuldyan system (Serre and Heinzlef, 2018). For tidécator, we
developed the methodology of the DS3 Model (Se&t©d,8), which defined three characteristics to aralphe

resilience of urban networks: resistance, absammind recovery capacities.

¢) Urban resilience

We consider thaheurban resilience indicator includes all urban dyrtam physical such as buildings (age of
buildings, density, functionality) or critical irdstructure - or virtual dynamics such as economyitacics,
evaluated by the creation or disappearance of nemntercial properties. For instance, for the critica
infrastructures, we measure their influence of fibkel of action. Critical infrastructure can be uhefd as the
infrastructure which concentrates all the functiainich are necessary for the good functioning tfretory and
its population (Pescaroli and Kelman, 2017). They defined “critical” because in a situation ofsisj their
potential destruction could weaken all the orgaioraof a territory (Galland, 2010). They may beunal
(water supply for instance), built (energy, telecoumication, transport networks, etc.) or virtualyler
information for example) (Serre, 2018), but nonéaistive list exists. However, they are part of téritory
and hence are a precondition to develop methodsdess resilience (Brauner et al., 2018).

We established few variables to understand tharuresilience degree, taking into account critical
infrastructures (fire, police, defense forces)uefice area, the health access (Norris et al., 20p&8¢ch and Rad,
2013), the density of social housing (Johanssoal.et2016), the touristic dynamic (Tierney, 2009 ahe

economic dynamic (creating new companies, keeplith@mes).

3.2.2 Turning the concept of resilience into practie

Because of its multiple origin (Alexander, 2013y ats multiple use across disciplines, resilientié s
struggles today to become clear, operational andop@ractical strategies (Weichselgartner andniaed, 2015).
Because of its multiple levels of meaning, intetatien and definition, measure resilience is andrgnt
challenge and led to a very little attention froorestific studies to the need of resilience operal indicators
(Carpenter et al., 2001). Most of the research tiwadls to define resilience is based on technipptaaches
(Lhomme et al., 2013; Serre, 2018, p. 3), partityl@round networks and/or critical infrastructur@gis is why
this research focuses on the need to understarath wgsilience in its entirety, in order to undermstall the
potential resilience of each element that contdbuto the construction of the territory, througlpracise
definition of variables, indicators and treatmethtst can be reproduced by local actors.

The variables of each indicator were based on atysis of a scientific review in order to analybe t
different social (age of the population, level afueation, knowledge of risk, etc.), urban (urbamucture,
economic dynamics, state of structures, etc.) anbnical elements which participate in the teryitoreality.
Thanks to the indicators’ methodology, it is poksibo explore social, urban, technical phenomena tan
determine which area is more or less resilient bgraparative work.

Once the selection indicators work has be done3figve chose to use Open Data in order to make thi
methodology as generic as possible. By this way athproach will beudnsurperviseti(Jovanovic et al., 2018)
and reproductible. 90% of the data set is from INS& SIREN, French open data website, and 10% are

sensitive data from the case study’s territory.
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Figure 3: Resilience flow chart — from theory to pactice approach

In order to calculate resilience, we chose to sttigyimpact of each variable on overall resilierag,each
variable can have a negative or positive effectatMetermines this impact is the ratio of the \@dao the
overall data. As an example, if there is a higle @&thouses built between 1970 and 1994 comparétkttotal
of built houses at the IRIS scale, the impact W#l negative because such houses are, for instarme,
vulnerable to damages and likely economic losdddet|, 1999). For each variable established, werdfore
estimated the impact it would have on overall resde (Cutter et al., 2010). All raw data acquivéa INSEE
were therefore transformed into comparable ratg8isgipercentages. This standardization was eskenmtaoid
the problems inherent in pooling different unitsnedéasurement, since our variables were delineatachumber
of statistical units, ranges and scales. Our resaliged from -1 to 1. Once these ratios were ezt it was
necessary to determine their impact on overallieesie. Does this variable have a positive or riggampact
on resilience? It was also necessary to consigepdtential impact changes depending on the tirofregflood.
Usually, scientific studies calculate variableshadt linear min-max scaling, a X-min/max-min typeut@r et
al., 2010). But as we wanted to compare severatsyemalyze the impact of each variable on the ajlob
resilience and vary the overall value of the renitie per indicator, we have chosen to use linegession for

several reasons:



- First, linear regression introduces the hypothdékat the values of Y depend on those of X, i.e.,
assume that knowledge of the values of X predi@s/alues of Y. We knew the value of the ratio. the value
of the variable), we had to determine the valueesilience. It is therefore a forecasting model Hredobjective
is to minimize the forecast error, i.e. the disembetween the observed values Yi and the valueestimated
by the relation X+b. This choice also makes it jmeso estimate the effect of one or more varialde another
by controlling for a set of factors. For example,dducational science, the effect of class sizehildren's
academic performance can be assessed by contrbilitite socio-professional category of the parentsy the
location of the school. Under certain restrictisamptions, this effect can be considered as aatatiect.
Adapted to resilience, we can therefore deterntinestfect of the value of the variable (for exanple value of
the number of people aged 25 to 39), on a potentiatall resilience. Indeed, in statistical leagjitinear
regression is considered a supervised learningadatbed to predict a quantitative variable.

-Second, the visualization, thanks to the resilieatves, helps into the decision-support process.
Indeed, the use of curves graphically expressesédtteal variation of the line for a horizontakglacement of
a positive unit.

Therefore, in order to calculate the resilience magle the choice to use a linear equation of type
X+b. The regression line of Y as a function of Xrauces the hypothesis that the values of Y depenithose
of X, that is to say postulate that the knowledfjthe values of X makes it possible to predict\ihkies of Y. It
is therefore a forecasting model and the objedtwe minimize the forecast error, i.e. the diseabetween the
observed values Yi and the values Y * i estimatgdhe relation Y * = aX + b. In this case, y= résilce
indicator and X= resilience variable. It is saidttthe variable Y is the dependent variable oralde explained
and that variable X is the explanatory variablee Thlues of X represent a resilience curve, witl X&si0 and
X1= resi 100 which evolve depending on the positivenegative impact of the variable on resilierithese
values make it possible to situate the variableaogrowth curve or of a decrease in growth. The @esi
corresponds to the starting point of the curve t@wedresi 100 to its point of arrival. Each variatdeherefore
placed on a positive or negative curve, followitggimpact on the territorial resilience. For exaepl we take
the proportion of young people in the territorythfs variable is higher than the old people (olihen 65 years
old for example (Cutter et al., 2014)), we consithat they will be more resilient. Therefore, wa @dnclude
that this variable will increase the global resitie. This definition of the parameters correspdida unique
form of deviation for each variable, thus makingpdssible to vary the overall value of the resitierper
indicator. This choice can be explained by the willanalyze resilience in a multi-year comparisow @n
approach using Min and Max (Cultter et al., 201Q)i¢w would not have been similar from one yearrtother),
wouldn’t be valid. If the value of the resiliencerees is different for each variable, the weightiadl for all
variables (Holand et al., 2011). This choice ofglenweighting is explained by the desire to avahdrities
between the variables (Fekete, 2009), some of theing sensitive and subjective (% of foreign peplateel of

education, etc.)

3.2.3 Spatial and temporal scales

Spatial and temporal scales have an essentiataghtay into the measure of resilience (Emrich and
Tobin, 2018). Indeed, in a interdependent worldter risks have exceeded their previous geographicd

temporal limits and therefore become transboundatgstrophes (Ansell et al., 2010; Pescaroli arekaider,



2016). This new risks, systemic risks, don't hatatistically independent failure anymore but, ie tontrary,
have interdependent failures because of the imeexted system components. In this case, a lodal@kire
could have unimaginable and potentially disastreffiscts and unbounded damages (Helbing, 2013)ethde
flood will impact its local territory (major riveda for instance), but because of the interconnentédorks or
urban activities, it may exceed the physical limifsthe floodplain area. For example, an indirénarcial
impact (Ansell et al., 2010) of a flood in Parisuttbimpact international relations with New Yorkyfexample,
on a global scale. A modern crisis is also ovessital time dimensions. The terrorist attack onddibin 2001
is a good example to understand the crisis efffedtson several years at different levels (finahcplitical,
social crisis). A single crisis, composed of selvstdb-elements, can therefore have effects thatapgear at
different time scales. In order to integrate thpgdficity of modern disasters, we have establisiedinalysis
with a precise geographical and temporal limit. Bipatial scale of analysis is local (Robinson aras@n,
2016) as this scale is easier to work with locébicin order to precisely answer their problemsnahagement
facing the risk offlooding. Thus, urban projects at the neighbourhaothacro-lot levels will be analysed in
terms of their contribution to the intrinsic resilice of the neighbourhood. This scale of neighbmagtor urban
project, so far little practiced (Balsells et &Q15) allows to act directly on the territory, ittmovate and to
experiment new urban risk strategies. As a rethdtmain scale of study chosen to assess urbdiemesiis as
accurate as possible, i.e. at the IRIS scale. 3¢dde is located between the 200 x 200 grid (INS#&ts) the
District Council. Each computation is therefore tiastalar but also multi-temporal. As the disasédimited to
a specific temporality, with a beginning and an €¥igyasu, 2005), resilience risk management hastégrate
the temporal reality. Indeed, the resilience tasimust be imagined according to a multi-tempoeabdigm, to
act before the crisis, i.e. to anticipate (urbamping); and to recover from the event (to rebuitdrestore an

activity, to adapt) as a continuum (Emrich and fipBi018; Serre and Heinzlef, 2018).

3.3 Avignon pilot site

As we said, we wanted to operationalize urbaniezgié to a local scale, in order to make this cphce
clearer and easier to use. Concrete work on res#iecannot be envisaged without a specific studg and
subject to the risk of flooding. It turns out thidtle Provence Alpes Coéte d'Azur region suffers frihra
consequences of flooding every year. Each evesesatihe question of the territorial strategy topadeith
regard to events that will be increasingly frequeantl severe according to IPCC forecasts. HowevVectes
officials, local leaders and decision-makers armettmes powerless over the strategies of terrgot@ be
developed both in the short term and in the lomgnieAt the same time, urbanism operations contimaghout
properly integrating this dimension of risk, andgh operations are in fact long-term. Given thé@red context
linked to floods and urbanization issues, it isaurgthat local decision-makers and planning prodesds can
therefore integrate resilience strategies intortp&inning choices, their urban programming choiged their
architectural choices. It is therefore to respamthese tensions and uncertainties that a colliberapproach

with the actors of the city of Avignon has beenipyplace, in order to co-construct a resiliencatsgy.



3.3.1 Collaborative Approach to implementing resience concept

Concrete work on resilience cannot be envisageldowtta specific study area and subject to theaisk
flooding. The current research project is basetiénProvence-Alpes-Cote d'Azur regional area (FigRPACA),
and more precisely in Avignon (Fig.5), city subjéetflood risk (Rhéne-Durance confluence). Well wmofor
either its flash flood, usually unpredicted, fluvilmod (the unpredicted Durance river), the areaubmitted to

flood uncertainties.
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Figure 5: Avignon’s localisation, source Géoportail

In terms of stakes, the Preliminary Flood Risk Asseent on the Avignon Flood Risk Territory (TRIjiemtes:
- about 400,000 people the permanent populatidlod@d-prone areas (in the envelope



approached potential floods) - 67% of the estimébéal population of the TRI,

- and about 185,000 jobs in flood-prone areas 2%6of the number of jobs

total identified within the TRI. (Directive Inondaths Bassin Rhéne-Méditerranée, 2014)
In 2010, it was estimated that in Avignon 768 inketts and a maximum of 606 jobs are affected éncidise of
a frequent flooding scenario and 73820 inhabitéot@ maximum of 72198 jobs are affected in theecafsan
extreme scenario (Fig.6) (Direction régionale dni/ironnement, de I’Aménagement et du Logement (BRE
PACA), 2014). With important, but rare (the lat@siportant one was in 2003), floods, the risk cudfuthe
prevention strategy, the resilience operationaligy questioned in Avignon.
Frequent Hood Scenario in Avignon Hoodi

Figure 6 : Frequent and Extreme Flood Scenaridssignon scale, inspired by © DREAL PACA

Facing exponential physical and social issues,Ghig needed a decision support-tool in order to
integrate and adapt the resilience concept intarugractices. This need is represented by a colitibe work,
a partnership with the urban and technical ser\iGdS) of Avignon. The goal of collaborative appches is to
structure a complex problem in a transparent ma(iestajoki et al., 2004) to enhance mutual undeing
of stakeholders and consensus. The co-construcfiespert and local knowledge can reduce complexile
into account the interests, the needs and poinviefvs of everyone, but also promote acceptance and
appropriation of solutions to facilitate decisiomking. The implementation of urban resilience asmbination
of good management of resources and services, etherban planning and taking into account thesrigkd
possibilities of adaptation is also part of the ché® involve multiple stakeholders (Serre and Hieif72018;
Toubin et al., 2015). Furthermore, the main goahdd project is to include the concept of resitierin the very
beginning of any urban project and strategy. Is gerspective, to build a vision co-constructedHeydifferent

actors makes more legitimate and relevant the atidle on a territory (Desthieux, 2005; Terrin, 2D1Mlore



specifically, on such a complex subject as urband$ with so many uncertainties, a collaborativpraach
enriches knowledge and perceptions on a complexabsttact topic and it sensitizes and motivateh pacson
who has and will have a role to play (Toubin, 201Bhese characteristics facilitate the implemeaotatnf
adaptation strategies (Frommer, 2011).
In this case study, the collaboration is partidyldliustrated by the exchange of so-called sewsiti

data, although 90% of the data are Open Data (IN@EHREN), and the co-construction of the toolusyng a
Data Management Engine (ETL), the Feature ManipuridEngine, used by the GIS service of French<itiy
paying particular attention to using the same Bsicg tool as French communities, the accessitafithe tool

is reinforced, as it does not require specific ey that would lengthen access time but also danably

reduces its use. Maps and analysis are done witlsQG

3.3.2 Main results of the case study

Preliminary resilient results illustrate a potehtiresilience independently of a specific floaksario
(level of water, precise temporality, material amtan losses) but following a disaster temporalitpefore,
during and after a crisis. The indicators allowirtdependently map each variable and each indid&igr 7,
Fig. 8), but also to condense them to create amativadex of resilience. For instance, Figure & baen built
thanks to social resilience variables, as populatiostructure data (age of population, INSEE dgafessional
situation (INSEE data); habits (INSEE data); edocafiNSEE data), etc. These variables have begreggted
in order to map a global social resilience indicator a scenario “during crisis”Following the same
methodology, Figure 8 has been built on urban iezgie variables such as buildings’ characteristics
(construction date, SIREN data), location of catimfrastructures (SIREN data), economic dynan(icsiness
creation and closure, SIREN data), etc. These hagehave been also aggregated in order to magbalglirban
resilience indicator for a scenario “during crisihe local scale chosen as well as this dissocidtietween

variables and indicators makes it possible to amafyrecisely the components that accentuate omiimthe

resilience

Social Resilience
[] Verylow resillience
[] Lowreslience
[ Medium resilience
I High resilience
Il \ery high resilience

Social resilience indicator, scenario during crisis




Figure 7: Social Resilience- Scenario During floodg event

Urban Resilience

[ Verylow resllience
[] Lowresilience
[ Medium resilience
I High resilience
Il \Very high resilience

Urban resilience indicator, senario during crise

Figure 8: Urban Resilience- Scenario During floodig event

To interpret our results, we created histogramrgtento analyze the statistical repartition of d@tay. 9, Fig.

10).

Frequence

0.04 0.06 0.08 0.10 0.12

valeur_resilience

Figure 9: Histogram Social Resilience- Scenario Dimg Crisis — High propension of 0.08 value (high ntbum value of
social resilience)



Frequence

r T T T 1
-0.2780 -0.2775 -0.2770 -0.2765 -0.2760

valeur_resilience

Figure 10: Histogram Urban Resilience- Scenario Dung Crisis- high propension of low urban resiliencevalue

We can see that on a scenario “During Crisis”,aéhee more than 8 occurrences of the value 0,8yvarage
social resilience, unlike the urban resilience wehaserage is very low, under the step of mediurilierse
value. It seems that during a crisis scenario,adaesilience is higher than urban resilience. €hesults may

lead to a change of mind, of consciousness of unl@magers and policy makers.

These maps are showing an objective resiliencyegaddently of a specific risk. Finally, with thee& of
measuring the existing resilience but above allitheact of future floods on the dynamics of theycit was
interesting to locate spatial projects spatiallyrigy the period 2015-2020. These are as variedhas t
rehabilitation of some roads, as the creation dfam line or new eco-neighbourhoods, but each efmth
participates in a structural and landscape renefvdie city. The next steps will be to apply thestticators on a

smaller scale, the urban project scale, in ordadiace and test these results to create a resiliban project.

4. Discussion

The first Avignon results show that the intramuremains preserved by the flood management
measures. Neighborhoods such as Barthelasse iNdite or Courtine in the South-West are both neglbc
unoccupied and little connected to urban dynaniitgase of flood these neighborhoods are vulnerabtk of
low priority. These results must therefore be pt perspective with the city's guidelines for urlpganning by
2025. The Courtine district in particular is subjer an urban renewal project and will be our frase study.
Indeed, the next step in our research is to tremdkee methodology into urban projects. The obyjects to
analyze the risk strategy taken into account byamrtenewable projects. The challenge is to adagiierece
indicators built at the community level and tramgfeem to the urban project scale. In parallel witis step, we
would like to test the holistic methodology on atleéties of the PACA region, Cannes, but also an fnench
territory. Since 90% of the quantitative data i<Open access, it is possible to adapt this metioggdio other

territories, at least on all French cities, whick asing INSEE data set. Thus, comparative workdclaad to an



exchange of feedback between different territonibgch could lead to a French resilience index. kentore,
the choice of free-use tools or tools used by Hrecmllectivities makes the tool more accessibleutiban
services. Therefore, this methodology provideslastmapproach to analyze the resilience potemtian urban
system. While the concept of resilience remainsr@uige and subjective, this work allows to perceesslience
characteristics that a territory must develop.

The fact that this tool is co-constructed makesimds to directly integrate the needs and appraaohe
city managers. Unlike some case studies of res#ianeasurement (Fox-Lent et al., 2015; Serre 2616, p.
3), this study does not apply its methodol@posteriorito a territory subject to a given risk, but stdris
considering the integration of the specificitiegtod territory and especially its governance, ansary step in a
collaborative and participatory decision-makingltdde tool is therefore more in line with urbammhers' risk
practices and strategies. The concrete applicatioAvignon’s territory underlines the feasibilitpchusefulness
of this kind of approach regarding the growing needommunities to acquire knowledge and a condazikin
order to better understand resilience concept.cbmeept of urban resilience refers to multiplenssgersal and
interpretative issues requiring a transdisciplinapproach that allows the different actors of titg o be
integrated from the design phase to the stratefjiessilience. Recognizing by this very fact tHare cannot be
a single and correct answer to the question of runtisks, systemic and collaborative approaches niake
possible to formulate and respond to the diffi@dtiencountered by putting into perspective theefft
academic and practical knowledges of the actorgebler, this collaborative work guarantees acceyatand

appropriation of a concept that is still abstratheany points.

The fact that each indicator and variable is mesdarindependently of each other makes it possible
point out the limits and fragilities of the terniyo As a result, it is easier to advise plannershenmeasures to be
taken to better prepare the territory for a cri$isese results are already used within the commuthié city of
Avignon thus having a new database of social m®ik at local scale. With these new data, theisityeating a
decision support tool to influence urban renewaljgots to analyze the quality of social and urkiéa IThe
combination of these results should be of inteiestnderstanding global resilience and buildingrategy to
increase urban capacity to cope with floods. Thighmdology could support decision-making by highiigg
which characteristics or programs could enhanateorease urban resilience.

Despite the significant contributions of this resia we faced a few limitations such as the geitgric
of the indicator of social resilience or generidiythe international level. Indeed, if 90% of ttega is in open
data, 10% are composed of answers to questionnairé®m sensitive data belonging to the commuriityese
data being non-reproducible, two conclusions arssiide. It is either possible to leave out the alalgs that
require these sensitive data, the representatigsemiethe resilience could not then be the samet i@ then
necessary to accompany this methodology by a pemtaagreement with the partner cities. A personal
investment is then the conditi@mne qua norto acquire these data. With regard to internatigeaericity, it is
necessary to study data in free circulation in edate. The quality and the ease of obtaining tbamthen vary.

Another limitation concerns the tool used by mamsgé¢he Feature Manipulation Engine (FME).
Although used on a large scale in French commuitieis tool still pays off. Our next step is tady the

feasibility of creating a QGIS plugin that wouldelitly integrate our computer script and resiliepogcessing.



The analysis, from the data transformation to tle@pmg of the resilience would thus be only ona o free
circulation, free and downloading-free.

Finally, the last limit of a work that aims to dfgrand operationalize resilience, as mentioned by
(Bakkensen et al., 2017), is the bias in the d@dimiand construction of measurement indicatorshéfe is not
yet enough perspective and empirical validation waealyzing resilience over a long period of tinmel as a
continuum these studies may be more a useful screeningteokin order to analyze, identify, resiliencedan
vulnerability potentialities for further investigagi and modelling in scientific communities thafireal decision

support tool for urban managers.

Although the concept of resilience is still vagum amprecise in many respects, the internationakwo
of various researchers and risk managers allowsalig characteristics that a territory must perfaio
improve its resilience level. This work has choserhighlight the capacities inherent to a territdimat can
participate in the preparation, survival and retduof activities on a territory after a disastepacities that are
declined according to the different temporalitidsaoflood. The study was thus able to develop aalyais
adapted to the multi-temporal form of a crisis. STetudy should eventually make it possible to aegai
complete index on urban resilience, an index tkafully relevant to the urban needs of managerse(Th
Rockefeller Foundation, 2015). This research alep@ses a holistic methodology to improve urbailieese.

It is based on a set of indicators constructectlypioy scientists and urban planners. This appraadterlines
the importance of having an integrated reflectiontbe concept of resilience, adapted to urbantosial
complexity. A territory is composed of structurahatacteristics, buildings, interactions, environtmen
infrastructures, networks, economies, policies pogulations. Applying the concept of resilience uidban
dynamics must take into account all these elemamdsall the actors of a territory. Our methodolpggposes to
respond to this challenge by these indicators migagsinherent resilience and by collaborating wdicision-
makers. This research therefore highlights urbaratheristics that can improve urban resilience ahdses

planners in their future decisions.

This research therefore proposes an integratedaligtic approach to resilience, both in the design
measurement indicators and in the collaborativeagh methodology. The next lines of interest wdugdto
apply the indicators constructed at the scale @fcity to the scale of the urban project. Indesdnantioned in
the article, the local level may be the key to gnéting resilience into risk management stratedias. next step
is therefore to rework the variables of our indicatin order to apply them to the urban projectesqgarobably at
a 200x200 grating scale. This future step wouledeine whether these new urban projects are caortitnip to
the development of urban resilience, both at tbh&n scale (or even at the neighborhood level) anthe
community level. In addition, testing the methodpldn other territories (French cities such as Ganror

internationally) would validate and generalize thethodology.

After having built a methodology as holistic as gibke, the tests on the territory of Avignon provbd

usefulness of an integrated and global approachoufim the interest of the community for research on



resilience, through their involvement in the exdmrof data, through their socio-economic partnersiid
finally through the use of the very first resulfslte study, we can already say that the studyigesvinteresting

and relevant answers on the issue of resiliencetamdncrete application on flood-prone areas

5. Conclusion

This paper proposes a holistic methodology to imprarban resilience. It is based on a set of
indicators built conjointly between scientists amtban planners. This approach emphasizes the iarp@tto
have an integrated reflection on the resiliencecept) adapted to the urban territorial complexdtyterritory is
composed by structural characteristics, buildingsteractions, environment, infrastructures, network
economies, politics, and populations. To applysdliesce concept to urban dynamics must take intmant all
these elements and all the stakeholders of aderriOur methodology proposes to answer this chgéeby its
indicators measuring inherent resiliences and byvarking with decision-makers. This research highis
urban characteristics which may enhance urbariges#, advising urban planners in their future siecis. This
research-practice partnership underlines the grpweed for territories to acquire strategies aotstm order to
operationalize urban resilience, but also demotestréhe feasibility and the usefulness of this lafidpproach.

In support of this argument, the city of Avignomealdy uses these new data set in order to buildtzam well-
being indicator. Moreover, following a request mégethe Director General of Services of the cityAefgnon,
a demographic and social atlas of the communitngoing, thanks to resilience data set.

To conclude, the application in Avignon attestattthe tool is operational and that collaborative
approaches are an essential issue to assessn@silienis research emphasizes the idea that reslimust be a
part of urban planning in order to improve risk mgeament. However, this study analyzes inherentrurba
resilience capabilities, without taking into accoarprecise water level. It would be interestinghia next steps
to test and adapt it to precise water levels. Funtiore, to test this methodology on other termmrinational
(Cannes, France) or international (Mons, Belgiunoulad probably lead to an adaptation of these mwk
variables. Yet, once this comparison work will kend, it would be innovative and challenging to jdeva

comprehensive index on urban resilience, index whiakes sense in the international approachesestbn
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