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Abstract. The development of strategies to reduce vulnetgbilind increase

adaptation to global changes has become a majdiespa for sustainable urban
development, but urban vulnerability and adaptatame not easy concepts to
understand. The objective of this study is to nevibe dialectic relations between
vulnerability and adaptation and to show how inggigg vulnerability perception into

local urban management induces a chain of complecegses. There will be
unwanted backwards loops appearing within this rch@ihis may explain that the
willingness of cities to adapt to climate changa,dar from the objective pursued to
reduce their vulnerability, create on the contridagy conditions of future catastrophic
events.

Keywords: vulnerability, resilience, adaptation, urban syst systemic approach.



1 Introduction

In many areas of the world, climate change (CC)gwentially catastrophic
effects on urban systems (Adger, 2001). On one liaockasing urbanization
makes cities more vulnerable to CC: more people beagotentially exposed
to the same risk (UN-Habitat, 2008; 2011). And loa dther hand, increasing
urbanization, as a result of population boom aradiapextension of towns, is
contributing to increase the responsibilities dfiesi in the emissions of
greenhouse gases (GHGSs). Indeed, if all producimh consumption-based
emissions that result from lifestyle and purchadiagits are included, urban
residents and their associated affluence likelyoat for more than 80 per
cent of the world's GHGs emissions (Satterthwa@0)8; Hoornweg et al.,

2011). Thus, cities themselves are referred th@snain guilty « victims » of

the adverse effects of CC (Dodman, 2009; Gill et 2007; Grimm et al,

2008). Among these, we find the intensification abfmatic hazards like

extreme weather events such as heat waves, cqabd,st@ods, etc. (Wilson,

2006).

Since the two worldwide phenomena’s of CC and udadion are co-
evolving within the global ecosystem, they représerdual challenge for
sustainable development. Each emphasises the dlofgats that weigh on
ecological stability, economic development and aocequity. Urban
vulnerabilities themselves being highly dependanmttlte responsiveness of
the complex socio-ecological systems to these hesats, cities are therefore
expected to be key players in the fight againsta®@ its impacts through
their mitigation and adaptation policies (Sanchehfiyuez et al., 2005).

In this context, this paper, which is essentitigoreticalandconceptuain
scope, helps identifying the factors that leadrtwan vulnerability and those
that determine the capacity of cities to respondclimate change. The
challenge is to identify a way to curb down the uy@ trend towards
increased coupled urban and climatic problems hppia avoid the
occurrence of future disasters. This challenges ¢atl an interdisciplinary and
systemic approach linking the two concepts of wahdity and adaptation. It
will need to understand the crisis situations ctambazards will be likely to
contribute to, while taking into account urban \arkbilities, urban
management and planning. The dual traditional pmegation of the couple
vulnerability/adaptation to CC cannot meet thische®s shown in section 2,
it is based on mono-disciplinary and linear catgalihis traditional approach
mainly refers to two contrasting conceptions ofamrtyulnerability conceived
as a “post-adaptation” state or “pre-adaptatioatestThis is why we propose
to turn to an interdisciplinary and systemic apploan section 3. This
alternative representation of the couple vulneitsdldaptation shows that
urban vulnerability to climate change, far fromrgea static state, represents
a complex and dynamic process constrained by chsgeo and uncertainty.



2 Vulnerability and adaptation to climate change

The responsibilities regarding CC, quantified inme of use of energy and
GHGs emissions raise the problem of the sustaibabil urban areas facing
the increasing use and potential scarcity of fossgrgy sources (Droege,
2002). These responsibilities raise also the iggumitigation intended to

address the human-induced causes of CC in ordeedoce the hazards
(Sherbinin et al., 2007; Revi, 2008).

Due to their multidimensional nature, it is diffituto estimate the
vulnerabilities (Adger, 2006) of urban systems. rrhbilities call into
guestion the sustainability of urban areas facimydccurrences of multiple
failures implying social interaction (Beckhoven ariempen, 2003),
economic and environmental inequality (Beckerma@92), pressure on
resources and environments (Shen et al., 2005kr©thrban dynamics are
also at stake such as the urban or spatial mix deiwisk activities and
habitat (Schreider et al., 2000; Mcgranahan, 2@@glas et al., 2008), the
exposure of urban areas either to climatic andrpietiéy dangerous hazards
(Nelson et al., 2002) or to urban heat islands (QR82) and heat waves, etc.
These urban features may hinder the improvemeliwio§ conditions of the
whole population or of the most vulnerable partst Chaline and Dubois-
Maury, 1994). These vulnerabilities, which depesdhaich on the intrinsic
characteristics of urban territories as on the ipleltdynamics increasing
risks, raise the issue of the adaptation. It iserided to act on the
consequences of CC by reducing vulnerabilities.

Without neglecting the first couple "responsibilitytigation” it is the
second pair "vulnerability/adaptation” which is ooain object of study. The
challenge here is how to integrate the dual inttgbion of the couple
vulnerability/adaptation that coexists within theesitific community (or even
inspires politics based on it). Depending on wto€lthe two components of
risk the focus is put on (Scarwell et Laganier, £0Quenault etl., 2011),
namely the hazard or the vulnerability (Adger, 200&0 types of approaches
can be distinguished: the first one (focused onatd®) is based on an
underlying causal relationship where adaptationerdg@ines vulnerability
whereas the second one (focused on vulnerabilitybased on a reversed
linear causality between vulnerability and adaptati(O'Brien, 2002;
Simonet, 2010) to CC. These can be schematicatisesented by inverted
pyramids (Quenault et al., 2011) as is shown iarégL.

2.1 The “top-down” vs “bottom-up” interpretation of vulnerability /
adaptation couple or vulnerability seen as “startig vs end” point

On the one hand, is thetop-downi interpretation which considers
vulnerability as the énd point" of a linear relationship, where adaptation



actions implemented in response to the potentialatic hazards and their
expected impacts determine the vulnerability of #tedied system (grey
pyramid, Fig. 1). It reflects traditional "hazardratered" approaches of
climate risk developed in particular by the "climatiences", which are based
on a model starting with the economic and globahale system to go
"down" towards a regionalisation/localisation oé tbffects (when following
the vertical axis of the diagram, from global tedbscale). Within this first
interpretation, (biophysical) vulnerability is cameed as the result of the
impacts of CC once the adaptation measures have beplemented.
Vulnerability thus reflects the cost of inactioncifay the projected
proliferation and intensification of meteorologidazards (IPCC, 2007). In
this first view, adaptation actions undertaken yodatermine the extent of
future vulnerability mainly addressed in its bioploal dimension (Quenault
et al., 2011).

Global Global Development anc
Global Emissions of GHGs
« Downward » Approach Global Climates Models

Post-adaptation Vulnerability
as an « End Point »

Regionalization/Localization of
the Impacts of CC

Reversed causality between
vulnerability & adaptation .-~

Adaptation

Biophysical Vulnerabhility

= Different :
diagnoses& Adaptation h
solutions

Societal Vulnerability

= Different policy decisions .
& adaptation actions el

« Upward » Approach
Adaptive Capabilities Pre-adaptation Vulnerability
(access to information & as a « Starting Point»
technology, availability of
infrastructures, institutions
and social capital, level of
economic wealth and
knowledge & skills)

Inspired from O'Brien (2002)
& Simonet (2010)

v
Local Past Present Future

-
»

Fig. 1. The inverted pyramids or dual interpretation ofe thcouple of
vulnerability/adaptation to climate change. Souf@eenault etl. (2011).

On the other hand, there is the ascending - "bettpin- approach that
considers vulnerability as thestérting point" of another underlying linear



causality where vulnerability is the driver of atin actions undertaken by
the studied system (see black pyramid, fig. 1)sThision reflects the more
'societal' analyses of climate risk, mainly repnéattve of Humanities and

Social Sciences (HSS), starting from the local escahd focused on the
vulnerabilities of the systems studied (citiesyiteries, communities, etc.)

rather than on climatic hazards. This second iné¢ation conceives

vulnerability as a general, inherent characteristica system, created or
strengthened by many factors and underlying prese@seographical, socio-
economic, political, institutional, cultural ..yhich determine the adaptive
capabilities of its territory against various theedn this second view, this
vulnerability, seen mainly in its societal dimensi@omes from a lack of

adaptive capabilities inherited from the past aamtesents a predisposition of
the (urban) system to be affected or damaged bypdkential impacts of CC

(Kelly and Adger, 2000).

Vulnerability, as a prevailing condition pre-exigji the hazard
manifestation, therefore determines the adaptatitions to be taken to avoid
future disasters (Quenault et al., 2011). A majffeicnce between these two
approaches therefore lies in the reverse causttainlinks vulnerability to
adaptation. This reverse causation is reflected aply in problem
assessments but also and especially by differgraistpf solutions. In turn,
they impact how policy makers consider meetingdimate challenge, given
that each of these views neither deals with ghigesame vulnerability nor the
same adaptation (Quenault and Bertrand, 2010).

In the 'end-point’interpretation, CC being considered the main goblthe
solutions proposed are highly hazard-centered. efbex, the responses
planned depend above all on Qditigation through GHGs emissions
reductions. When "adaptation" actions are alsosagéd they have a rather
technical or engineer character highly shaped by $pecific hazards
addressed. Iturn they challenge specific sectors or subsysteanscularly
exposed or sensitive to their impacts.

With regard to thestarting-point’ interpretation, CC is just a "background
factor" (Bertrand, 2010) contributing to the ex&egion of many other
problems that threaten the livelihoods and reprodnwmf urban areas. This
type of approach is based on the dual assumptinrésponding to current
vulnerability will allow us to adapt to future clate conditions (Burton et al.,
2002) and that the lack of adaptive capabilitiexriical to the degree of
vulnerability of the system. Therefore, the propbselaptation solutions
focus primarily on reducing vulnerability in its@etal dimension (which is
more hazard independent than its biophysical dilnansn relation to
impacts). In order to cope with the multidimensiondban vulnerability, the
inherent processes of fragility and segmentationteofitories, sources of
growing inequalities and marginalization for pdrtlweir population, are to be
identified and overcome. The purpose is to initiati-factorial adaptation



actions aimed at enhancing vulnerable urban sysemaptive capabilities.
This improvement should contribute reducing thesimity of the effected
system, changing its exposure and increasing ##ieece (Adger et al.,
2005).

2.2 The “inverted pyramids” figure learning’s: towards an
interdisciplinary and systemic re-reading of the vinerability / adaptation
couple in relation to climate change

Figure 1 displays at least three benefits attatbettte “inverted pyramids”
schema whose “heart” is the “ellipse” surroundihg toverlapping area” at
the intersection of the two grey and black pyramids

First, the “ellipse” allows to “visualising” the inerability/adaptation
couple to climate change, this “poorly investigdtetea of academic
researches which is as well little operationalizethe field of both urban risk
management and urban planning. Therefore, the sellipepresents the
"system" which is the central object of this stuBybsequently, the "ellipse"
illustrates the need to think about and developalloclimate policies,
articulating these two complementary approachestiee “top down” and the
“bottom up” interpretations of the vulnerability&gutation couple. In other
words, climate policies of urban systems shouléibged both at attenuating
the CC phenomenon itself and at adapting to itsaityp by alleviating
vulnerabilities. It induces to analyse the cities s®cio-ecological systems
coevolving with CC. It advocates for a real inteoiplinary perspective
crisscrossing the natural and physical sciencesgetisas the HSS in order to
comprehend the vulnerability/adaptation couple aale. This co-evolution
perspective also invites us to favour a systemipr@gch of both the
vulnerability/adaptation couple and the functionafghe urban system itself.
Both are marked by feedback loops. Systemic allamalysing complex and
dynamic interrelationships of the various composesfturban systems that
have strong potential to be drivers of their vultinglities to CC.

In addition, the "ellipse" is also "significant" thiregard to the delicate
guestion of articulating spatial scales, a recurnpeoblem of analyses in terms
of sustainable development and a key issue forffestiveness of policies
that combat CC. By locating the couple vulnerapditdaptation on the
“spatial” vertical axis in the midway between tineotextremes, the "ellipse”
reminds us that CC is not only a global problent, dlgo a local one. This
phenomenon, rooted territorially from the pointvadw of its impacts as well
as the responses to it, is centred on urban axetimeiv complex relationships
with it. Taking into account the spatial dimensi@ises questions not only
about the "appropriate level" of action, and thius trelevant territory” for
tackling and resolving problems linked to CC, resdmby the term
‘subsidiarity in policy’. The scale issue raised fiystainable development



implementation through CC fighting also calls iofgestion the objectives to
be pursued locally. Similarly, positioning the figlle" on the intermediate
scale levels, insufficiently investigated so faghtights their importance for
the analysis of vulnerabilities of urban systems &ocal climate policies.
Metropolitan areas, which fit the concepts of intediate scales and urban
system as they are apprehended here, are highgndept for their "proper
functioning” on other territories, located in mareless remote areas. In the
case of a hazardous event, these urban systentherafore be the scene of
vulnerabilities and dependencies (Guézo et Verthig806), systemic in
nature, which reach far beyond the borders of thgloaeration and can
provoke major disruptions within and outside thieaur system itself.

Finally, the "ellipse" is also "illustrative" of ¢hdelicate crushing question of
structuring temporal scales, equally a recurrenblem of analysis in terms
of sustainable development and particularly sigaifit in regard to the
climate issue. On the horizontal temporal axis, "#lépse"” covers a broad
spectrum (from past to future) to emphasise thel neeake into account the
long-time which complicates the understanding asbpgms and decision-
making relating to adaptation. This question pasgzoblem both for the
acceptability of political decisions (given the pbenena of uncertainty
surrounding the co-evolution of urban systems wi@C) and the
irresponsibility that the choice of inaction (irstieof an early action implied
by the precautionary approach) would representtaygenomena of inertia,
irreversibility, and generational interdependentcéha heart of urban as well
as climatic dynamics.

3 Necessity to break off the vicious circle linketb the climate and
urban co-evolution to avoid future disasters

The future climate (change) risks will threatenesitthrough their effects on
both urban vulnerabilities and resilience. Howetkeese two urban features
are not only hazard-dependent, they also highlyeddpmn the evolution of
the local context itself and on the response measemvisaged to address the
climate risks (as far as these risks are seen r@edoreted as priorities for
action). The adoption of an interdisciplinary agdtemic approach appears to
be an appropriate way to apprehend this co-evaiyirocess for at least two
reasons. First, this type of approach deals wellh wsomplexity and
uncertainty that are both surrounding our object sbfidy. Together,
complexity and uncertainty represent a huge chgdefor local politic
decisions (and their acceptance) to fight climé&i@nge and its impacts. Given
this context, what is at stake for local decisioakers is to be able to put into
place “no regret” strategies (that is to say respsrihat target reducing future
damages in relation with CC and other issues ireroid increase the



acceptance level of these policies). Secondly,type of approach, centered
on interdependencies and feedback loops, also epgeghly capable of
improving urban resilience in the right way. Thigplies a better articulation
of local adaptation and mitigation strategies amre importantly, their
integration within sustainable urban developmeiticigs. As a matter of fact,
to break off the trend towards increased co-evohgtibetween urbanization
and climatethat prepares tomorrow's disasters, the challeraye ldcal
decision-makers is, within the framework of susthie urban development
policies, to increase certain aspects of the uneailience. It would need
improving its adaptive capabilities (Kelly et Adg2000).

3.1 Thecoevolution of the urban systemwith climate risks

Analyzing the urban system as confronted with demasks, is less about
looking at each of its parts individually and maitgout carefully examining
how these parts interact, in dynamic and complexsw@&hese dynamic and
complex interactions relate directly to our mairesfion that is to appreciate
if the urban system, through its evolution and sieai processes, gone to
adapt (or not) facing this new climate risk. Ibisfocusing on complementary
or competitive relationships between the varioumponents that we can
apprehend the capability of a city to "absorb" cepgare for a perturbation
(here due to either climate variability or CC).réfers respectively to its
reactive and proactive resilience.

One advantage of using the concept of "urban systemanalyze the
vulnerability or the resilience of a city to CCtimat it allows us to enlarge the
view on spatial as well as temporal levels. As réghe spatial scale, the
concept of system supposes to consider the cibesmly as a systems as a
whole composed of various interrelated sub-systdius,also as a part or
subsystem of higher systems where they are inclashed whose they are
linked to by many interdependencies (Gundersonodiirtd, 2002). As regard
the temporal scale, the concept of system implesadnsider longer time
horizon to grasp dynamic processes linking urbastesy with CC. Another
advantage of the systemic approach, which implies existence of
interactions between several parameters, is taifdamderlying trends, co-
evolutions and feedback loops, which are generatbrscertainty (Pigeon,
2010). And it is only through analyzing the abotattwe will be able to
better understand the issue, which currently isrosunded by great
uncertainty, given that both cities and CC are tamily evolving, on local
and global scales (Quenault et al., 2011).

Spatially, at first, the urban system is considaasdcaught in an array of
interdependencies beyond its borders which leadsxiting from" the area
subject to the hazard in the narrow sense. As gematt fact, some elements
are likely to affect urban vulnerability and locakponses impact larger scales



such as the territories and networks cities beltmgThe principles of a
systemic analysis should thus be applied here atiab@nd temporal scales

not only regarding the functioning of cities thetwss, but on all the

territorial, economic, political and social netwsrkontexts in which urban
systems are involved and have to fit with. Thaivisy we have represented

the urban system as being embedded in larger systeahencompass it and
with which it interacts and even coevolves (fig. Phese larger systems are

in whitimate risks occur.
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Fig.2. From anthropic main causes of climate risks towdamtal political answers
linked with identified responsibilities and vulnbitities. Source: Quenault efl.,
2011).

Temporally, subsequently, it would also be appuaiprio broaden the scope in
order to take the long term into account and cansithe fact that
relationships characterizing an urban system asdniteractions with the
climatic system include a number of different temgpaycles. The various
elements represented in the urban system (fign@)tlze arrows that connect
them display causation links existing at differgetiods of time (T, T+1,...
T+n) between the multiple components of the diagsaheme. It allows
highlighting the feedback loops characteristictadit co-evolution. The main
anthropogenic causes, factors that accentuatenprasd future climate risks
(seen as a combination of hazards and vulnerasiliti co-evolution), having
passed through cognitive, behavioral and contexiliets, call for political
responses (actions of mitigation and adaptation}uin the co-evolution of
the urban system with its environment is beingdfamed (Quenault et al.,
2011).

This representation of the urban system, illusteatof climate risks and
policy responses which developed feedback loopguin, allows us to
reconsider a paradox. It helps understanding has piossible that we have
witnessed for a long time the implementation ofidew intended to reduce
risk. Yet, they often helped to create or strengtihem (Revet, 2009; Pigeon,
2005). For example, whereas more structural measagainst flooding are
developed, such as dikes, more the potential foragd increases given the
consequences of this increased protection of udyaramics (building on
floodplains). This increased vulnerability thentifiss in turn still more
structural measures at an official level (SauriePgf al., 2001).

How to explain this apparent paradox Weichselgar{d@04) put forward,
whereby more and more preventive risk management hiswever,
accompanied by more and more disasters? The paisdpparently linked to
the discrepancy between the official claim of irsed protection to hazards
and the increase in damage that this promotes;itmeed, it enables us to
understand that policies managing the risks areitadgy imperfect, in that
they will necessarily produce unwanted, unexpea#dcts. The paradox
disappears as soon as the recognition occurslihte risk management and
urbanization are co-evolving: preventive managenaérdisasters promotes
urbanization which continues to recompose whileensifying, precisely
because it is never truly able to eliminate riskeg the inherent limitations
of the policies supposed to manage them (Piged))20

These arguments highlight the trend towards thensification of partial
interactions between several groups of paramesystgms), and on several
scales, which may indicate the complexity. A colation can therefore be
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identified between the institutional recognition dfsasters increased in
absolute terms, the intensification of politicatiaes justified by it and the
simultaneous intensification of human settlemetite growing urbanization).
Furthermore, we can highlight an underlying trewavérds positive co-
evolution between urbanization and risk managemenban systems are
evolving, while helping to prepare for future digas that are partially
predictable. The intensification of this type ofeeolution, that is the positive
trend in the systemic sense, has moreover beenrdtrated and formalized
at a local level (Pigeon, 2005).

3.2 Vulnerability/adaptation couple between circula causality and
feedback loops

The concentration of people in urban centers, umni@enographic pressure,
modifies the land use (soil anthropization) whikereasing human impacts
related to morphological urban expansion. Worldwidiee urbanization
process includes urban sprawl, peri-urbanizatiabugoanization, increasing
mineralization related to the expansion of hardfam@s, pressures on
vegetation and the reduction of green spaces. Eheotienergy is growing
(through transport, heating, air conditioning, tigh, etc.) that contributes to
higher global GHGs emissions (Dodman, 2009) andri&an increase of
local temperature named urban heat island (Oke7)19®e study conducted
on the Los Angeles Basin by Akbari et al. (20019veh that every degree
increase in temperature adds about 500 megawattiset@ir conditioning
load. These urban developments, in addition to dbeial pressures they
induce, have resulted in an increase in climatksrigdian et Yan, 1999;
McGranahan, 2007). Combination of planetary (CC elmate variability)
and local hazards (urban heat island and otherheeétazards) favors them.
But vulnerabilities and disaster risk reductionigies co-evolve with the
hazards (fig. 3).

Urban vulnerability refers not only to the fact tiltlae city can be more or
less exposed to climatic hazards, but also todbethat it can generate and
amplify them or give them special characteristithis is due to its own
developments that interact with CC to exacerbatiesrand enhance current
and future urban vulnerabilities. The idea of vuaiality suggests upsurges
of crises or disturbances linked to climatic imgatie existence of practices,
policies and/or inappropriate decisions. As a teghky intensify or even
create the problem (Bertrand et Rocher, 2007) lgreasing either the
exposure or sensitivity to it or both that pointt dhe problem of mal-
adaptation (Quenault et al., 2011). Vulnerabilitgoadepends on the adaptive
capabilities conceived as the potential capacithefurban system to adapt to
hazard before and after its occurrence. That méwmtsadaptive capabilities
refers to the ability of the urban system to aptité and to manage the crisis
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and then to resume a normal functioning (Vale eh@anella, 2005). In other
words, adaptive capabilities relates to the rasileof the urban system. In
principle, vulnerability increases with both expsto climatic hazards and
the sensitivity of the system to their impacts whildecreases as the adaptive
capabilities increases. When they occur, hazardeasts reveal pre-existing
vulnerabilities just as they can create future grdibilities by reinforcing the
sensitivity of the urban system to adverse effattguture hazards or by
overcoming its adaptive capabilities. However, thality is more complex
than this simple linear causality - vulnerabilifgd at the heart of several
feedback loops.

Resilience to future events, recognized here asréap component of
vulnerability (via adaptive capabilities) (fig. 8an be improved by the impact
of the hazard. But in turn, the reduction in vultslity that may result from
this increased resilience may also increase vubilgr@s in other areas with
respect to other hazards (Provitolo, 2009). Giwsndual nature (proactive
versusreactive) and the fact that it has little meaningabsolute terms
regardless of the type of hazard, resilience da¢shacessarily increase the
effectiveness of policy actions seeking to prewsasters. Far from a simple
linear causality, resilience maintains complextiefeships with vulnerability
that it does not necessarily reduce (Gundersoro#ing, 2002). It may even
contribute to the preparation of future disasters.
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Fig.3. The three components of climate risks and theinglex interactions. Source:
(Quenault eal., 2011).

Urban systems themselves contribute to generate m@inforce climate risk,
and this calls for a response from local decisi@kens (and even from others
stakeholders such as the inhabitants or firms). dladoration of a local
response implies however that these risks have pemseived as such and
interpreted as priorities for action through thigte'f" of cognitive, behavioral
and contextual platforms. Because, prior to takimg decision and action
intended to fight against CC and its impacts, sitieust have proceeded to
identify their vulnerabilities and the charactetiaa of potential effects of CC
at their level to elaborate an appropriate cogaitiase and eventually adjust
their behavior in return, or simply said to adapthese risks. These aspects
relate to both production and circulation of knosdde and the acceptance of
expert knowledge. More generally it questions thksl between knowledge,
attitudes and actions. Indeed, strategies to redske and hazards such as
adaptation strategies are iterative processedrttlade the development and
control of information, increased awareness, plagnidesign and the
implementation of learning effects and feedbacknffmast experience. In this
regard, real-life experiences may play a role sk rperception, both on
individual and institutional levels, and it concermproactive adaptation
(Grothmann et Patt, 2005). But these do not nedbsssad to learning in
response to risks that may be the object of delmaddition, learning related
to feedback experience shows in itself more lirtiisn one could think. In
France, what does exactly mean the feedback froperence if local
officials fail to implement the plans for preventiérom flood risk and do not
prevent constructions in flood zone? In this cake, learning process, far
from reducing vulnerability by strengthening locabpacity to adapt,
emphasizes the preparation for the future disa®egeon, 2009). It also
underscores the limits of local management as a®lurban planning and
raises the question of risk culture.

Once the "filter" of cognitive, behavioral and ocextual platforms has been
passed through, the steps to be taken by terstewieeducelimate risks vary
significantly depending on the variables on whibkyt act, the spatial and
temporal scales of apprehension of the problentlamdevels of the political-
administrative system issuing regulations (RocheBertrand, 2007). At the
city level, the factors that lead to early action &daptation to CC differ quite
significantly since local representations can waigely including in the face
of equivalent climate changes. This is becauseldkbal construction of
knowledge about CC and its consequences can dewvel@py different ways
and its sharing by all stakeholders is not alwayeraatic. The pertinence of
local responses in terms of adaptation will depemnly on the values
associated with the effects and potential impadtsC&. Locally, this
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phenomenon can play the role of a factor activati@igates and controversies
about the future of the territory. There is thust@ng heterogeneity in the
reactions and responses in terms of the adaptatilicies of the territories in
the face of similar climate challenges (QuenauBe&trand, 2010).
Adaptation to CC refers to the flexibility of thgssem that allows it to
develop its structures and modes of operation db ageits development
strategies based on the disturbances that occaptation to CC challenges
the ability of urban systems to integrate new nuistant spatial-temporal
horizons in the decision making. The challenge ds donceive risk
management and urban planning in an integrated enaowver long term
period and for a large territory. What is alsotaks for local decision-makers
is their ability to deal with uncertainty and aigition of new risks in urban
planning and management while being able to meatt sbrm needs or to
repair damages in a hurry, despite limited resaur@@uenault, 2012).
Adaptation to CC requires not only developprgventive policies against the
regular and irreversible transformations of urbannd spaces and their
climates but also the implementation enfiergency measures (alert systems
and information / communication with the publicaps for disaster relief and
emergency evacuation, etc.) against extreme etteitsnay be more frequent
and intense. Adaptation policies are even more t@mpgiven the increasing
interdependence and systemic character of risky, tannot be confined to
the treatment of a specific event as a crisis ¢gttathe system on a global
and multi-faceted scale (Laganier, 2011). Proactdaptation strategies
involve a new "governance by consequences" (Rumgale0). It is linked to
the recognition of the political impossibility ofirinating the risks (related to
feedback effects of decisions) while aiming to tithe damage at the greatest
possible extent in case of disruption in humariesatints systems (fig. 3).
Recognizing that using adaptation measures to neanal management
will necessarily cause unwanted effects and thaipthst-disaster experiences
in return show the limits of remedial work suchthe use of international
emergency aid, must lead to the desire to incréfaseresilience of local
populations in case of a potentially catastrophren¢. Reinforcing local
management of civil security, developing the riskure and/or encouraging
a more detailed examination of the risks alreadgniified in land
development or building structures are the factbist participate in this
search for urban resilience (Pigeon, 2010). Préxemanagement of climate
risks, besides introducing technological adaptatiowhich are certainly
necessary, particularly includes a better managewiesocial vulnerability
(Barles, 2010). Instead of resisting the eventsidwhrefers to reactive
resilience), the urban system must accompany aagtdd them not only by
physical facilities but also by behavioral adaptasi using devices for
information, preparation, training and pre-orgatima of residents and
stakeholders in (pro)active social networks. Wherethe potential
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catastrophes looming with CC are mainly socioecaoand socio-political

events by nature (as far as they involve societhidarability and resilience of
urban systems), they can’t be avoided and solvealigih purely technical

solutions (Quenault et al., 2011). It is a mistakéocus solely on reducing a
hazard or its impact without enhancing the adaptaabilities of the system;
this is a strategy doomed to failure. Consequenttg imposition or

implementation of solutions relating to adaptatidrom above" can be

deemed largely inappropriate. Adaptation can’'t bapsd in a generic way
and simply transposed locally such as mitigatiomsnees. Mitigation, which

may be reduced to a huge energy challenge (reduatienergy consumption,
improvement of energy efficiency, and developmentemewable energies),
can mostly rely on technical solutions (constructiof energy friendly

buildings or development of eco-mobility - what meahat behaviors are
important too -...) in large part reproducible araplicable (Quenault et
Bertrand, 2010).

Adaptation to CC fundamentally questions territoritynamics, spatial
planning and practices of space and resource cgigamHuman societies
cannot continue without deflecting or reconsiderihg urban development
patterns facing current and future threats thagwvein urban systems. If the
links between land uses, increasing interdependsncinsustainable urban
development trajectories and the evolving vulnditads to systemic risks
seem increasingly obvious and confirmed by expegemonsequences are
insufficiently drawn from it. This is due to thectathat despite the political
display of the interlinked challenges of sustaipat¢velopment and the fight
against CC, programs for CC adaptation struggleoperate within the
definition of territorial development policies antban planning.

4 Conclusion

The experiences of recent disasters (Gaurav €2@ll) invite a shift in the
trajectory that links human societies, especialfipan, to the Biosphere.
Sustainable development requirements and prospect€C reinforce the
need to take steps to adapt, in order to rethink dhnganization and
management of the cities of tomorrow. All around torld, cities, every day
more numerous, have begun to initiate adaptatiorasmes. These
"proactive”, early experiences, often implementétheout regard to national
frameworks (Heinrichs et al., 2009), are often iempénted in accordance
with international networks of citiés Several European cities that are
members of these networks (London, Amsterdam, Cwaen ...) are

L www.c40cities.org; www.aimf.asso.fr; www.energiées.eu; www.metropolis.org;
www.eurocities.org; www.cities-localgovernments;ongvw.citynet-ap.org.
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piloting adaptation measures, in addition to theirolvement in terms of
sustainable urban development and CC mitigatiomgraras. Among them,
the French cities (i.e. the “Grand Paris” and tBeand Lyon”) are getting
further involved in adaptation especially during tleview or development of
their Territorial Climate and Energy Plans, whichtiu now have been
essentially conceived as territorial sustainabletigment projects based on
energy management and reduction of GHGs emissiGniguj et Lefevre,
2010). But generally the component "adaptationtbtally absent, and even
when it exists it remains embryonic. A kind of "taly of adaptation (Pielke et
al., 2007) persists linked to a problem of accdpitaof the policies that
demand it. These policies are all the more diffid@d implement since
uncertainties are particularly strong and defetsrdporality is neither daily
palpable. Moreover, CC is not the only nor the mégsue that local elected
officials, facing multiple problems and limited cesces, have to manage
(Quenault et al., 2011). In addition, adaptive oeses to climate are complex
to develop and a lack of collective know-how carisexegarding them.
Finally, knowledge of feedback effects between atim factors and urban
Socio-ecological systems is inadequate and fragedersind public policies
often tend to stick to the level of discourse. Saghsiderations help clarify in
part the fact that the motto of CC adaptation ¢se@asingly integrated into the
discourse of communities, yet poorly implementedwever, it is hoped that
soon every important city without a major adaptatistrategy will be
perceived as behind the times or being negligenitsimresponsibilities to
protect its citizens, its economy and its qualifylife (Penney et Wieditz,
2007). Given the high inertia of urban morphologibe sustainable city can
only be built in the long term by successive, adapghifts of its development
trajectory making an early commitment in favor of @daptation even more
necessary and urgent.

This is why contributing to make the models evdhaen linear to systemic
could contribute to explain why disaster risk ret policies meet such
implementation limitations. And why they are usefual spite of their
necessary limitations.
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