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Abstract. Social vulnerability has been studied for years 1 Introduction
with sociological, psychological and economical approaches.
Our proposition focuses on perception and cognitive repreRisk is a common term, which deserves to be defined more
sentations of risks by city dwellers living in a medium size precisely. We consider it as the combination between a po-
urban area, namely Mulhouse (France). Perception, beingentially damaging phenomenon (hazard, which is character-
part of the social vulnerability and resilience of the society ized by a probability of occurrence, an intensity and a spatial
to disasters, influences the potential damage; for examplextension) and vulnerability of exposed elements, including
it leads to adequate or inadequate behaviour in the case gfeople, buildings, activities, environment, etc. (UN-ISDR,
an emergency. As geographers, we assume that the spatia002). Risk exists only if its two components (hazard and
relationship to danger or hazard can be an important factowulnerability) are present. As risk is potential, it is mate-
of vulnerability and we feel that the spatial dimension is arialized by the occurrence of an event, which causes little
challenging question either for better knowledge or for op-damage like an incident, more destructive like a disaster, or,
erational reasons (e.g. management of preventive informafinally, dramatically devastating as would be a catastrophe
tion). We interviewed 491 people, inhabitants and workers,(Dauphiré, 2001).
regularly distributed within the urban area to get to know Vulnerability is considered to be an important dimension
their opinion on hazards and security measures better. Wef risk. It is commonly defined as a combination of “ex-
designed and mapped a vulnerability index on the basis oposure and sensitivity to perturbations or external stresses”
their answers. The results show that the social vulnerabiland “adaptive capacity or resilience” of the vulnerable sys-
ity depends on the type of hazard, and that the distance ttems considered (Adger, 2006; Cutter, 2003). Exposure (as
the source of danger influences the vulnerability, especiallymeasured by economists, ecology experts and geographers)
for hazards with a precise location (industrial for example).largely depends on the land uses and the density of people,
Moreover, the effectiveness of the information campaigns isactivities or buildings... Density is usually considered as
doubtful, as the people living close to hazardous industriesone of the main gradients, especially when taking the spa-
(target of specific preventive information) are surprisingly tial dimension into account and when looking for manage-
more vulnerable and less aware of industrial risk. ment resources: the more territories are densely occupied,
the greater the vulnerability. Describing the spatial distribu-
tion of the uses and/or densities — of men, activities, networks
and flows — can legitimately be one of the geographers’ tasks,
as geography deals with a spatial approach. On the other
hand, the sociological, political and psychological dimen-
sions of risks, of which importance is not to be stressed in
those potential phenomena, are well studied (see Drabeck,
1986; Dynes and Tierney, 1994). The “social response” to
disasters are part of the social vulnerability (Thouret and
Correspondence tdS. Glatron D’Ercole, 1996). They can be linked to various social and de-
(sandrine.glatron@lorraine.u-strasbg.fr) mographic general indicators. Policy makers try to anticipate
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tential consequences of an event. But, presently, the results

of these approaches (sociological, political, psychological)Fig- 2. Seismic and industrial risks in Mulhouse’s urban area. The
are seldom mapped and not pooled into an overall vulnera'-ndu_Str'_al rlsk_ is figured by PEI areas V.\Ilth.ln which spec!flp |n_forj
bility index, which could also take into account the spatial mation is delivered. Concerning seismic risk, each municipality is

di - f VUl bility. Inf i bout * i characterized by a zone regarding the French seismic zoning (0, la,
Imension of vuinerabiiity. nformation about "perception Ib, Il or 111). Specific building codes must be applied depending of

of risk” has been collect.ed'for nearlly 3,0 years but has rarelythe zone (zone 1b means less drastic rules than for zone 2) and the
been connected to spatial information in order to be mappedype of building (toolshed, house, school, hospital. .. ). No specific
Geographers have suggested the need to assess social Vigformation is provided in areas of high or medium seismicity.
nerability for many years (Parker and Harding, 1979), and,

more recently, to map multi-criteria vulnerability, generally

for natural hazards (Gaillard et al., 2001; Dominey-Howes,, .iv1a Basel earthquake of 1356 (Lambert, 1997). Today,

anc_j Minos-MinopquI_os, .2004; E_aradise, 2005; Sierra, ZO_OO;seismic activity is low but nevertheless present (Table 1). In
Gaillard, 2001). Itis in this tradition that we suggest, herein

. : : . . *addition, because of the location in a large, flat valley, lo-
to explore the psycho-sociological dimension of vulnerabil- cal towns are regularly flooded by overflowing ground water
ity linked to the inhabitants’ spatial relationships to dangerS(Ministére de I'Ecologie, de I'Energie, du@eloppement

or hazards (including the distance). For this purpose, we repy opie ot de I Anénagement du Territoire, 2007). Spring

Ce’?“y togk a surveyf/lt/(ln IS;Udy Wl?at theblnhab|t:?mti of thg Al- storms often cause muddy flows, and these are also favoured
satian urban area of Mulhouse know about major hazards angy the intensive corn farming on the Sundgau hills and the

think about their exposure to those risks. In order to map Ourrelatively loose deposits (loess) (Mirése de I'Ecologie, de

observations, we designed a social vulnerability index, WhiChI’Energie du Ceveloppement Durable et de I'Amagement
takes account of the way people think about risks. du Territo’ire 2007)

Secondly (concerning technological risks), Mulhouse was
2 Surveying city-dwellers and workers on what they ~ @n important industrial city whose economy was based on

know and feel about risks the textile and mining industries, especially during the 18th
and 19th centuries (Livet and Oberl1977). During the
2.1 Mulhouse, a multi-risk urban area 20th century, chemical and mechanical industries, electrical

appliance and plastic production replaced the earlier activ-
The urban area of Mulhouse, a medium size city of 172 561ities. Thus, there are potentially dangerous plants located
inhabitants (INSEE, 1999), is located in Alsace (France)within the limits of the urban area including several chem-
(Fig. 1). It has been affected by various major hazards, bottical factories and a petroleum warehouse. Due to the ex-
natural and technological. Firstly, for natural hazards, its lo-istence of these potentially hazardous plants, the local au-
cation in the southern part of the Upper Rhine Graben, neathorities adopted special prevention plaRtags particuliers
the Jura and the Alps explains tectonic events such as thd’intervention PPI) aimed at ensuring public security (a
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Table 1. Main catastrophic events and incidents experienced in Mulhouse. The macroseismic intensity of an earthquake estimated at the
epicentre (}) is described with a Roman numeral on a scale from I to Xll (European Macroseismic Scale, EMS98; Grunthal, 2001) and is
estimated through the analysis of its impact on people, buildings and other infrastructures, animals and landscape. The magnitude (M) of an
earthquake corresponds to the energy emitted at its hypocenter (source on the fault). It is represented by an Arabic numeral on a logarithmic
scale (maximum ever recorded: M=9.5, Chilean 1970s earthquake) and is calculated from seismograms.

* Data on earthquakes are delivered by the French national earthquake survey né&@swau( National de Surveillance Sismique,
ReNaSSs).

Type of event Date Location Intensity/ Impacts Source of data
magnitude/
description
Earthquakes 18/10/1356 Basel (Switzerland) o=I1X=X 90 castles destroyed Lambert, 1997;
300 killed in Basel Meghraoui et
al., 2001
30/07/1980 Sierentz (Haut-Rhin) M=4.8 Minor damage eNRSS
22/02/2003 Rambervillers (Vosges) M=5.3 Many cracks on RéNaSS; BCSF,
1,=VII buildings, collapsed 2003
chimneys
23/02/2004 Roulans (Doubs) M=5.1 Power cut, gas leak, RéNaSS; BCSF,
1,=VI cracks on buildings 2004a
and road, collapsed
chimneys
5/12/2004 Waldkirch (Germany) M=5.3 Minor damage in France &N\aSS; BCSF,
1,=VI 2004b
Floods and 27/06/1999 Mulhouse Ministe de
muddy flows I'Ecologie, de
I'Energie, du

Développement
Durable et de
I’Am énagement
du Territoire,
2007
25-29/12/1999 Baldersheim, Brunstatt,
Didenheim, Habsheim,
llizach, Kingersheim,
Lutterbach, Morschwiller-
le-Bas, Mulhouse
Pfastatt, Riedisheim,
Rixheim, Sausheim,
Wittenheim
6/05/2000 Kingersheim, Mulhouse
20/06/2002 Didenheim, Brunstatt,
Habsheim, Mulhouse,
Riedisheim, Rixheim
9-11/08/2007 Didenheim,

Industrial 06/04/1994 Mulhouse (chemical plant)  Leak of 100 kg of pararfwo people poisoned, Ministere de
incidents itroaniline and of parani- pollution over a 3-hectare- I'Ecologie,
trochlorobenzene surface, 4 M of material de I'Energie, du
damage Développement
Durable et de
I’Am énagement
du Territoire,

2008

08/11/2001 Mulhouse (chemical plant)  Leak of gaseous One employee injured

hydrochloric acid
04/10/2002 Mulhouse (chemical plant)  Leak of 50 kg Pollution of ground water

of tricholorethylene
07/07/2003 Mulhouse (chemical plant)  Explosion Two employees injured

(included one seriously)

07/11/2006 Mulhouse (chemical plant)  Leak of 101 of acetyl Goods station activity

chloride stopped during 15 min
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Table 1. Continued.

Type of event Date Location Intensity/ Impacts Source of data
magnitude/
description
Transport 28/06/1999 Mulhouse Leak of 45001 One person injured Ministe de
accident (road transport) of hydrocarbons I'Ecologie, de
implying I'Energie, du
hazardous Développement
materials Durable et de

I’Am énagement
du Territoire,

2008
01/07/1999  Mulhouse Leak of ol Pollution of the basin
(fluvial transport)
18/06/2001 Mulhouse Leak of 100 to 2001 Safety zone established
(transport by train) of hydrochloric acid during 11h

formal requirement under French and European legislations)have a 500-m radius for the first one and a 4000-m radius
Those plans apply to a specific area or zoning (circles, elfor the largest one. This latter concerns 15 municipalities
lipses... Fig. 2), corresponding to the spatial extension of theand most of Mulhouse territory (Fig. 2). In addition to these
worst-case scenario of an accident identified by the industrisources of danger located within the city, the Fessenheim nu-
alist. The plan specifies the way a crisis should be managedlear plant and the Michelbach dam are situated 30 km north
within this area. Concerning preventive information, the Eu-and 23 km west of Mulhouse respectively (Fig. 1).
ropean Seveso 2 Directive requires industrialists to disclose
information around the hazardous plants. These informatior2.2 The sample and the questionnaire
campaigns mainly consist of handing out leaflets to the pop-
ulation. This brochure explains the hazards the population iSThe study is based on data collected during interviews be-
exposed to, the type of accidents that could occur, the emeween May 2004 and January 2006. We adopted a multi-
gency procedures that should be followed in case of an acstratified sampling technique, which included the geographi-
cident, and where people can find further information. Suchcal location of the people interviewed, their age, sex and field
leaflets had been distributed by industrialists in Mulhouse inof work (for the workers). We identified sub-samples, in or-
1992 and 2002. der to cover most of the population susceptible to frequent
Moreover, with regard to major risks, French legislation the Mulhouse urban area, i.e. residents of the urban area and
requires city mayors to deliver information to the people ev-workers as well. We composed our sample following the
ery two years. This may be achieved via leaflets, organisaguotas sampling method (Berthier, 2000). In this method the
tion of meetings and various advertisement campaigns givingample is proportional to the parent population regarding dif-
similar information as for industrial risks, but for all the risks ferent criteria: age, sex and town of residence for inhabitants,
the town is exposed to. In the city of Mulhouse, such a leafleffield of work (education, agriculture, chemical industry, ser-
was distributed in April 2004, i.e. just before we started ourvices...) and town of work-place for workers. The parent
survey. population was composed of the population counted during
Some minor accidents have already occurred (Table 1)the last census in 1999 (Source: INSH#Stitut National de
For example, in 2002, a leak of trichloroethylene occurred inla Statistique et des Etudes EconomidEesnch census ad-
one of the industrial plants located in Mulhouse. Fortunatelyminsitration) and the working population of the urban area
it did not have serious consequences for the local populatiorfSource: SIRENESyséme d’ldentification du &ertoire
(Ministere de I'Ecologie, de I'Energie, du@eloppement des Entreprises,Frenaiatabase on companies and establish-
Durable et de 'Anénagement du Territoire, 2008). ments). The sample was composed of 491 respondents with
The transport of hazardous materials along road, rail andhe following distribution (Table 2). The distribution regard-
river networks is also a potential source of danger. The rail-ing sex can be considered similar to the 1999 census (47.0
road freight station is not considered a “classified” site, butmale and 53.0 female for the sample, 48.2% of male and
the hazardous materials either stored or in transit represeril.6% of female for the census). Most of the population lives
a high level of risk, according to local authorities (Miig2  in Mulhouse (60.3%), which is coherent with the census fig-
de ’Aménagement du Territoire et de I'Environnement et al., ures (56.8%). Furthermore, the sample is characterized by a
2002). For this reason, a PPI has also been defined; its are&égh proportion of people with technical certificates (32.8%),
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Table 2. Composition of the sample interviewed in Mulhouse urban area regarding gender age, municipality of residence, familiy situation

and field of work.

* Those two categories are over-represented because we interviewed many working people.

** This classification corresponds to the French nomenclature of activhleménclature des Actiéis Francaises established by

the French census administration (INSEE).

Variable Composition of sample (%) Variable Composition of sample (%)
Male 47.0 Children 55.8
Female 53.0 No children 44.2
15-20 years 9.2 Single 32.6
21-30 years 25.9 In couple 48.5
31-40 years 2071 Living with family 18.9
41-50 years 1571 Agriculture, hunting, forestri* 0.4
51-60 years 16.1 Mining industries 0.6
>61 years 13.6 Manufacturing industries 12.0
Baldersheim 0.2 Power, gas and water production and supply 1.0
Brunstatt 1.6 Construction 2.9
Habsheim 1.4 Trade; car and domestic articles repair 10.2
lllzach 6.3 Hotels and restaurants 3.3
Kingersheim 3.7 Transport and communication 41
Lutterbach 1.8 Financial activities 1.6
Morschwiller-le-Bas 0.6 Property, renting and services to companies 6.3
Mulhouse 60.3 Public administration 5.7
Pfastatt 2.0 Education 3.3
Riedisheim 35 Health and social action 9.2
Rixheim 4.9 Collective, social and personal services 3.7
Sausheim 8.8 Students 11.6
Wittelsheim 4.9 Other non-working respondents 4.7
No answer given 19.6

and academic diplomas (32.6%). 10% of the respondents
are no qualified (no diploma). Concerning the experience

of risks, 28.3% say they have already experienced a disaster
and 50.7% have heard about local incidents or catastrophic
events.

The inhabitants were interviewed in the street and the
workers at their workplace, the companies having been ran-
domly chosen (simple random sampling (Berthier, 2000) us-
ing a table of random numbers and the list of the different
companies registered in the French Yellow Pages®).

The questionnaire was composed of 43 closed, semi-
closed and open-ended questions and was structured in six
parts, each of them exploring a different theme:

1. location of people: this aimed at relating the answers
of the surveyed people to their location. It allowed us

to integrate the results of the survey into a geographic 3.

information system (GIS) and then map the results;

2. perception of risks: first of all, we asked the interviewed
people which were the social problems they worried the
most. The aim was to compare the importance of ma-

www.nat-hazards-earth-syst-sci.net/8/1029/2008/

jor risks with other problems like pollution, unemploy-
ment, wars, etc. Then, we asked what were the haz-
ards they thought they were exposed to. For both these
themes, we first used open-ended questions, in order to
allow the surveyed person to give spontaneous answers.
Several answers were allowed. Then, we repeated the
questions by the use of closed questions, in order to
suggest answers the person may not have thought of;
concerning the terminology, in French, the termga],
which can be translated in English as “hazard”, is rarely
understood by uninitiated persons. Thus, we use the
term “risk” in the question. Moreover, the use of “nui-
sance” is justified by the fact that some phenomena (pol-
lution, smokes. ..) that we define as risks can be con-
sidered as nuisances by laymen;

if a disaster were to occur. .. : this part aimed at explor-
ing the prediction capacity of the respondents, which
major event he/they thought could happen in Mul-
house, the potential consequences of such a catastro-
phe, his/her potential reaction and his/her knowledge of
the local context (hazard, sources of danger...). It also

Nat. Hazards Earth Syst. Sci., 804122008
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aimed at questioning the knowledge of safety and alarmemergency procedure corresponded to a value of O (low vul-
procedures; nerability) and a person that ignored them would be assigned
a value of 1 (high vulnerability). With regard to emergency
procedures, a good answer would be “in case of an earth-
_ if people felt well informed, quake, | go under a table” and a poor answer “if an indus-
trial accident occurs, | call my relatives”. The final index
— if they knew the basic risks management principles,  corresponds to a weighted average of these different values:
because we consider that perception and knowledge of risk
constitute a large part of vulnerability, we attributed more

4. information and risk management: we wanted to know:

— if they knew who was supposed to inform them,

— if they had received a leaflet on risks, weight to the corresponding answers.
_ As geographers, we focus our attention on the spatial di-
— by which way they would like to be informed. Asking our respondents their address of residence or place

of work, we were able to locate them and integrate the re-
This part appeared to be very important to us, as we wanted teults into a geographic information system (GIS). Instead
have an insight into the level of information of the surveyed of merely representing the results at an individual scale, we
population to further pass on this insight to local authorities,chose to aggregate the results at the scale of a defined district,
so that they could adapt their preventive information cam-mainly because the information campaigns take place at the
paigns; scale of a single municipality.
] o We defined districts according to statistical, administrative
1. experience of catastrophes or incidents: One’s percepanq yrban morphology criteria and assigned to each resulting
tion of risk can change depending on one’s experienCeyisirict a vulnerability index corresponding to the average of

of past disastrous events. Thus, we asked if the sury,e jndexes of the people who are living or working there.
veyed people had experienced any disaster (what type,

when. . .), if any of their relatives had experienced one
and if he/she had heard of local catastrophic events 05  The results
incidents. This also allowed us to identify the level of

knowledge of the local context regarding hazards; This paper introduces three ways of presenting results gen-

2. personal characteristics: the last part aimed at describ€rated by our survey: (1) overall pool results for the whole
ing the surveyed person in terms of socio-economicZ°Ne (2); a vulnerability index, which allows us to have an

characteristics such as age, gender, occupation, field Jpverall view; (3) and a spatial representation of this index,
work, education, type of housing and family situation with a results pool at the scale of the districts we will define

in 83.3.
2.3 Data processing
3.1 Pooled results: a limited awareness of major hazards

Statistical analyses of a survey provide partial information. and safety measures
On the contrary, indexes are likely to give overall informa-
tion either for each respondent or for geographic zones. IMA lot of people think they are safe in the neighbourhood they
that context, we built a vulnerability index, based on the worklive in; they do not name any urban nuisance or risk they
of D’Ercole (1996) and Cutter et al. (2000). D’Ercole con- feel exposed to (35.4%). The open-ended question, cate-
siders that the socio-spatial vulnerability of people is com-gorized in Table 3, showed that the people who feel con-
posed of their physical vulnerability and social vulnerabil- cerned are more worried about the nearby daily nuisances
ity. According to him, social vulnerability is influenced by than about major risks. The urban violence is the first item
several factors that can be gathered in three categories: (People spontaneously mention: 23.2% of the respondents
the perception of risks, (2) the knowledge of risks and of cite this problem. The relationships within the neighbour-
their management — i.e. geography and history of local hazhood worry more than a third of the inhabitants, if we include
ards, preventive information, emergency procedures, and (3he nuisance of noise and the worsening of interpersonal re-
constraining factors like the location of the person, socio-lationships that appear in the answers. Consequently, having
demographic characteristics, etc. 35.4% unconcerned with any problems and another 34.5%

The methodology we developed to build this index is concentrated on neighbourly difficulties, the other problems
detailed in Beck and Glatron (2006) and Glatron andare overshadowed and spread out, especially the environmen-
Beck (2005, 2007). tal ones. The individual accidents are cited by 33.6% of the

We assigned a value set between 0 and 1 to each survepterviewees: road, work, or life (travelling, domestic...) ac-
question answer, depending on its contribution to the vulnercident and health problems are very present in the people
ability of the respondent. For example, a good knowledge ofminds. Economic difficulties are not forgotten (employment

Nat. Hazards Earth Syst. Sci., 8, 102984Q 2008 www.nat-hazards-earth-syst-sci.net/8/1029/2008/
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Table 3. The environmental problems Mulhousians feel exposed to.
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Type of problem mentioned risks % of respondents
none 354
urban violence/insecurity 23.2

relationship worsening of interpersonal relationship 7.0
noise 4.3
road accidents 12.0

o ) work accident 10.0

individual accidents Health problems 59
home accident 5.7

. . unemployment 8.1

economical worries poverty 40
environmental pollution 10.2

environment and hazards industrial and nuclear risks 8.1
natural hazards 4.9
other (fire, drug addictions, poverty, terrorism, etc.) 7.9
do not know 1.6

and poverty). Thus, the major environmental problem isof vulnerability indicates a good perception of risk. The re-
pollution (10.2%). Nevertheless, major risks appears, beingults show that the people living or working within the PPI
mentioned by 13% of the sample. have a lower perception of risk than those living outside of
These few worried people can explain why so many ofthe industrial hazard zone, which is astonishing and worrying
the respondents are not aware of what to do in the case of eegarding the efficiency of the information campaigns. If this
disaster, even though the Mulhousians are really exposed tow perception depend on the information factor, at least par-
many hazards. Concerning safety measures, more than 60%glly, we could mention the “denial” effect, in order for peo-
of the surveyed people say they do not know the safety prople to reduce their anxiety essentially caused by the uncer-
cedures (64.6% in the case of natural hazard, 63.3% for intainty of industrial accident, as shown by Paul Slovic (1986)
dustrial accidents; Table 4). Moreover, only 17.3% or 22.2%for example. But we assume that there are many parameters
of them give adequate answers, while 10.6% and 10.2% arwhich explain this difference in the perception of the “in”
swer completely wrongly (for natural and industrial disastersand “out PPI” inhabitants and workers. Thus, the explana-
respectively). We assumed this lack of knowledge can badlytion of such a result needs further statistical research and,
influence people’s vulnerability, as the people’s reaction toabove all, complementary surveys. In any case, these find-
any event would probably worsen the situation and leads tdngs, confirming the importance of distance and location in
many victims. the public perception of risk lead us to suggest a representa-
The statistical results give several indications about thetion of socio-spatial variability of vulnerability.
way people perceive urban risks, their effects, the methods to
be protected and their own risk exposure. But, as we wanted.3 Cartography of the social vulnerability
to characterize the vulnerability of people and places, includ-
ing the role of lay-people’s perception in that vulnerability, The results show different socio-spatial vulnerability indexes
several factors had to be integrated. That is why we neededepending on the type of hazard (i.e. industrial or seismic)
an overall index taking into account various parameters we(Fig. 3).
already acquired thanks to the survey and the known locali- Regarding seismic hazard, we can notice that there is no
sation of the respondents. spatial pattern in the distribution of the observed values of
vulnerability indexes: they seem to be randomly distributed
all over the area (Fig. 3a). The vulnerability of the surveyed
people does not correlate with municipality boundaries, dis-
Most of our respondents are characterized by a medium vultricts limits or hazard zones. This may be linked to the char-
nerability index score. The average is equal to 0.61 for seisacteristics of that specific hazard, which is not easily located
mic and industrial indexes (with a standard deviation equalwith precision by lay-people, who do not know the exact lo-
to 0.11). As shown in Table 5, the results vary dependingcation of active seismic faults. This specificity also shows up
on the location of the respondent, especially regarding then risk mitigation. As a matter of fact, unlike industrial risk,
official areas of danger and security measures. A low indexwhich is managed at the industrial plant scale, seismic risk

3.2 The vulnerability index

www.nat-hazards-earth-syst-sci.net/8/1029/2008/ Nat. Hazards Earth Syst. Sci., 8 #I22008
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Table 4. Distribution of answers about safety procedures in case of natural or industrial catastrophe: “right answer” means that the respondent
cited at least one right answer; “mixed answer” means that he/she gave at least one right answer and one wrong answer; “wrong answer’
means that only wrong answers were given.

Answers (%) Safety measures to be followed in case of natural hazard  Safety measures in the case of industrial accident

Total answers In PPl out PPI

Adequate answer 17.3 22.2 22.6 21.0
Mixed answer 7.5 4.3 4.0 5.0
Unadequate answer 10.6 10.2 7.5 18.5
Do not know 64.6 63.3 65.9 55.5

Table 5. Distribution of the index of vulnerability to industrial hazard depending on the place of residence or work of the respondents.

Values of the index Out of the PPl Inthe PPl Whole sample
0.29-0.469 32.8% 11.6% 16.7%
0.47-0.67 65.5% 67.7% 67.2%
0.70-0.82 1.7% 20.7% 16.1%

Number of people interviewed 119 372 491

is mitigated at the scale of the county, which regroups sev-information campaign. The adequate or inadequate answers
eral municipalities (the same building codes apply to a singleare distributed quite the same way for all city dwellers. The
county). proportion of people who say they are totally unaware of the
» safety measures for industrial disease are 65.9% when liv-

On the contrary, the “vulnerability to industrial risk index” >~ the PPI. and onlv 55.5% when livi Isewhere in th
shows a strong spatial structure, but the results are surprisin 19 in the - andonly 5.5 when fiving €isewnere in the

(Fig. 3b). We observe that most of the districts which are lo- ity (see T%ble 4 a_nd Fig. 4a). This ignorance or “ir_lgdequate
cated inside the PPI areas, and which correspond to the diégnowledge could increase the degree of vulnerability of the

tricts where the information is delivered, are characterized b>peop_|e yvhenever an accidept oceurs.
a rather high vulnerability, thus a low perception. These ob- This is corroborated by Fig. 4b, which shows the propor-

servations are illogical, as we would expect the exact oppolion Of persons (per district) who said they do not feel suffi-

site results: that the people who live close to a danger sourcﬁ'eﬂtly. |?forme.d about major risks in general. The;}nfluen(?e
are more prone to be sensitive to the hazard they are exposéli the information campaigns does not appear on the map; as

to, because most of them see it or sometimes smellit. But thi& Matter of fact, we could have expected to find lower pro-

also stresses the matter of preventive information ef'ﬁciency.portions of insufficiently informed respondents in districts

we notice that the informed people seem to have an inaclocated within the PPI.
curate perception of risks or at least they do not “perceive”
them properly as well as un-officially informed people who

live or work outside the measured risk areas (the PPI zones

as outlined by expert of the ministry.

Discussion

4.1 The limited importance of rare and major events among
The higher vulnerability of people living within the PPI people’s daily worries

seems to come partly from a lack of knowledge regarding

safety procedures. Figure 4a shows the proportion of perSome of our results confirm other scientific findings. Re-
sons (per district) having answered “yes” or “yes, more orgarding the little importance the population attach to risks,
less” when asked “do you know the safety procedures youamong other problems (31% concerned with urban violence),
should follow in the case of an industrial accident?” The mapit is corroborated by other studies. For example, El Jam-
shows that the Mulhousians or the people who live within mal and Baumont (2005) showed that 22.3% of French peo-
the PPI do no seem to have a better knowledge of the safetgle consider that unemployment is the most worrying prob-
procedures than the other city dwellers even if they were indem, followed by lack of security (17.9%), and exclusion
formed by the official leaflet distribution in 2002 and 2004 and poverty (13.6%). For the IRSN (Nuclear Security and
when industrialists and local authorities organised a publicRadioprotection Institute) annual national survey, lack of
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Proportion of persons having
a said they know the emergency
procedures in the case of an
t industrial accident (by district)
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Fig. 3. Vulnerability indexes tqa) earthquakes anb) industrial

risks. For seismic risk (a), there is no relationship between the seis

micity and the vulnerability (perception) of the population: munic-

ipalities in zone Il of the French seismic zoning (cf. Fig. 2) do not

seem to be more aware (i.e. less vulnerable) to earthquakes. But t

people exposed to industrial hazard (b), i.e. located inside the PPI

zoning (cf. Fig. 2) and thus 1) closer to the sources of danger and

2) target of a specific preventive information, are surprisingly morerisks. Parameters such as people’s previous values and be-

vulnerable (i.e. less aware). liefs, the familiarity with the phenomena, the threatening de-
gree of risk, the influence of “memorability” of events linked

. . . to media reports were isolated. Within this approach, differ-

security (formerly urban violence) was ranked at the top Nt risks were ranked and people’s social and demoaraphic

2001 (37.8%) and 2002 (24.5%) (IRSN, 2001; IRSN, 2002, we peop grap

characteristics used to explain preferences. But we could

http://wwvy.lrsn.org. . ... find almost no detailed spatialised results about people’s dif-
For environmental concerns, we again found some similar,

: . . feren f risk per ion.
result trends in the IRSN national survey, where “pollution erences of risk perceptio
was ranked at the top too. But as we asked the open question AS We observed above, most of the respondents do not
“What are the social problems you are worried about?” noknow the safety measures; de;pne bemg_ th_e centra_l message
more than 8.5% quoted pollution, compared to 18% for airof the leaflets that were distributed. This is of major con-
pollution and 16.2% for water pollution when people were C€M as the knowledge of security procedures is a key point
asked to chose the most important problem within a pre_for reducing th_e vulnerability of_the population and the num-
established list. We do think that pollution is the first en- Per of casualties when an accident or a catastrophe occurs.
vironmental concern for Mulhousians, as it refers to “prox- Finally, the differences in the results observed between both
imity” problems and deals with daily worries. In contrast, categories of catastrophes (i.e. natural and industrial) could

less than 5% quoted industrial and natural risks respectivelyP® explained by the AZF accident. This accident struck the
city of Toulouse in 2001, and still sticks in people’s minds all

4.2 The central but difficult role of risks communication ~ over the country, after as the explosion of a warehouse con-
taining ammonium nitrate killed 30 and injured 3000 people
The issue of the information about risks and communica-(CIEU, 2002). We did not ask directly whether our respon-
tion to people has been debated a lot in the literature sincelents remembered this event, but 10 of them mentioned it
the eighties. Slovic, Lichtenstein, Kasperon and others (se@n several answers of the questionnaire, dozens mentioned it
Slovic, 2000) stressed it is a question of importance in thefreely and, when told about this event to characterize an in-
domain of policy-making. The psychometric approach wasdustrial accident, they all knew what we were talking about.
used to measure factors in the perception and acceptance @his observation leads to the media’s role in communicating

Fig. 4. Proportion of respondents (per distri¢d) saying they know
the safety procedures in the case of an industrial accident (only
22.2% actually knew the correct safety measures) (Bhcaying
ey do not feel well enough informed about major risks in general.

”
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Proporion of persons feeing as we suggested to while choosing our respondents with re-
oo gard to their location in the city: the location of people, their
[ Joot-020 distance to risk and their place in/out of the official security
%z:zzz area, though, are our fundamental assumptions and the liter-

ature does not say much about this point.

In Mulhouse, few people feel exposed to industrial risk
O PPizoning (5.3% as shown in Table 3). It can be explained by people’s
non assimilation of the risk nearby. There seems to be a gap

I:l No data

N
(P A between the knowledge of risks and the way people feel ex-
Soes ISEE 80 ot O Rt posed to them. We noticed that most of the respondents know
ok 2006, Lot FACTE Terokes the existence of the industrial plants in Mulhouse but they

. . o o ) rarely feel exposed to industrial hazard (Fig. 5). This weak
Fig. 5. Proportion of persons (per district) having cited the indus- jteqration of the risks existence can be explained by the low
trial risk When. asked *what are the risks you feel e)fposeo! t0 in this robability of occurrence (see Slovic, 2000). Another as-
place?” In this map, the districts where no one cited this answe . . e

. sumption about this discrepancy comes from the difficulty of
have been isolated on purpose. . .
people to spatialize hazards due to their ignorance of the spa-
tial extension of hazard. The general form of the information

risk, which is of major importance and interest but is anotherc@mpaigns is here again questioned, as the leaflets generally

research domain (see Slovic, 1986; Wahlberg arib&i, do npt incorporate a risk map. The spat_ial' representation of
2000; Wakefield and Elliott, 2003 for example). the risks could help people to better aSS|m_|Iate the rl_sks they
are really exposed to. However, further investigations are

4.3 Distance and perceived risks relationship: a complexheeded to confirm these assumptions.

function Still concerning the distance to risk sources and the rela-

tionship with official information, Fig. 5 shows that, even if

The results provided by our survey highlight the problem of very few people feel exposed to industrial risk in the whole
the perception of risks with low return period (like seismic area, when they live within the PPI area, a higher propor-
risk) or low probability of occurrence (like industrial risk). tion of respondents cite this industrial hazard when asked
The spatial component of hazards seems to be of great im*what are the risk you think you are exposed to in this place?”
portance in the risk perception and thus in social vulnerabil-This is an important finding, because other authors, like Bon-
ity. Concerning industrial risk perception, the fact that peoplenet (2002), found unexpected results regarding the relation-
are more vulnerable (as our index shows (Fig. 3b), when theyship between industrial risk perception and distance. He con-
live close to industrial plants is not only explained by a “low” cluded, as Slovic had before (1986, 2000) that the proximity
or “inadequate” perception, i.e. different from an objective to an industrial plant could create a feeling of denial: the
risk. Among other things, risk perception can be expressecatloser interviewed persons live or work to an industrial plant,
by the feeling of being exposed to this risk (Slovic, 2000) the more likely they were to reject the actual risk.
and we assumed this feeling is also linked to the social and In fact, the last point (proximity creates higher percep-
spatial position in the tri-dimensional city, as well as in the tion or, on the contrary, denial) depends much on the type of
imaginary city (but, unlike Bonnet, we didn’t test this sec- risk. The vulnerability, whether physical, material or socio-
ond hypothesis). Bonnet (2002, 2004) suggested mappingsychological, greatly depends on the hazard. We found
the extension of industrial hazards as drawn by lay-people ofts spatial distribution is very different for seismic or indus-
Le Havre Estuary. The overall perceived risk is mapped buttrial risk. This simultaneous study of various risks, in the
it is not designed the way we suggested, taking into accounsame territorial units, in order to be able to compare the
the three series of factors we described above. Thus, Bonnetulnerability indexes, is our contribution to D’Ercole’s ap-
doesn’t link the “mental maps” to social, demographic andproach (1996). Meanwhile, our territorial units must be dis-
other parameters that could explain the variability of percep-cussed as it is hard to take into account various sources and
tions. Nevertheless, his research proved again that distanaeffects of risks and to integrate all the useful characteris-
to dangerous sources, especially industrial ones, plays a rolécs of the basic district used for analysis and cartography
on the drawing perceived extension of the risky areas, andike in Thouret and D’Ercole research (1996), where they
that the relationship distance-estimation of exposure is not gartitioned the risk basin with regards to the type of con-
linear, simple and obvious function as we found too. Lindell sequences, the risk intensity, the administrative limits, the
and Barnes (1986; Lindell and Earle, 1983) or Chiva (1980)population density and the urban form.
questionned the distance to dangerous plants or their projects
(nuclear plants and other technological sources installations
in the 80’). But, still, it is proposed as an inconsistent pa-
rameter which is not georeferenced, mapped and measured
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4.4 Some problems to be solved and paths to be explored5 Conclusions

The methodology which was introduced in this paper raise§p Fig. 5 we showed that risk perception depends on the type
a few questions. _ _ . of hazard considered by the respondent. Seismic risk percep-
Concerning the construction of the index, itis doubtful that 5, is rather explained by sociological factors than by spatial

the average of the different values is the most relevant indexactors, due to the inconsistent location of its source.

using the average, despite its statistical ipadequacy, gives a We would like to integrate this partial psychosocial vulner-

general trend of the results but can also hide the heterogen%'bility index into a more general socio-spatial vulnerability

ity of the results. _ o _index, which would take into account the physical and func-
Moreover, the question of thg we|ght|ng O.f the answers isgq 5| aspects as well as the socio-economical aspects. As

not yet clearly resolved. How might it be validated? a perspective, it remains so be seen whether the impact of

Con(I:ernllng thi_pOO“Eg qu Izht? flndlng§, c\j’\,/e,deISt outline preventive information will be efficient in saving lives and
several points. First, the link between individua answersgoodS in the case of an emergency.

and spatial _cartograp_hy O_f the med|_um_ ratio answers raises 4 \ye present here, unfortunately, can only claim to be
methodological questions: how can individual views be gen-; gma|| aspect of “the challenges for vulnerability research
eralized to collective ones? We assumed that the dominant ' | to develop robust and credible measures, to incorporate
socio-demographic characteristics included in homogeneougovernance research on the mechanisms that mediate vulner-
urban districts would be an acceptable basis for the socioability and promote adaptative action and resilience” (Adger,
spatial dominant representation of risks. Second, there is 2006). In fact, as shown by Borraz et al. (2005) in our
small discordance between our survey sampling, based oRrench context, institutional vulnerability was a forgotten
the municipalities which are statistical units, and the dis-subject within the very active and multidisciplinary research
tricts which are our cartographic basic units and correspondlomain around major risks and hazards over the last thirty
to a division of the municipalities. Thus, some of them are Y&ars.
over-_sampled and othe_rs under-sar_npl_ed. The results can bEedited by: M. Keiler, S. Fuchs, and T. Glade
considered representative for the districts where many interZ " _ .
. . Reviewed by: Dale Dominey-Howes and two other
V|e_vveq pepple live or work, put not for the less dense.onesanowmous referees
This highlights a weakness linked to the lack of data in the
under-sampled districts, where additional surveys should be
conducted. We must still improve the method and think
about which spatial divisions could be more relevant. On
one hand, we need a spatial gnit linked yvith statisticql data.Adger' W. N.: Vulnerability,
It should have urban and socio-economic homogeneity. On 26g_281 2006,
the other hand, the zone where preventive information is degeck, E. and Glatron, S.: La vi@nabilit socio-spatiale des
livered needs to be integrated too (as information is part of citadins aux risques majeurs. Risques industriels et risque sis-
the knowledge component and is likely to influence vulnera- mique dans I'agglo@ration de Mulhouse, in : Proceedings
bility). of SAGEO 2006, Colloque International deé@natique et
Another important question deals with the temporal ex- d'Analyse Spatiale. Recherches &feloppements, Strasbourg,
tension of the survey, as we know “affective” factors may  France, 11-13 Septembre 2006, 12 pp., 2006. _
widely influence the perception of risks. For example, theBerthier, N.. Les techniques d'engge. Methode et exercices cor-
occurrence of a disaster, reported by the media will affect theBCrgFes'BA' CO"%CTS:JZ.P&I”T’ 254 pﬁ’:" 2000 Sie de Ram.
“memorability” of past event and the “imaginability of fu- (Bureau Central Sismologique FrancaisgisGie de Ram

" h f le by Slovi bervillers (cep. 88) du 22 &vrier 2003. Observations macrosis-
ture” events, as shown, for example by Slovic, 1986. Conse- miques, Preliminary report, 14 pp., 2003.

quently, it is worthwhile asking the questionnaire in as shortgcsk (Bureau Central Sismologique FrancailisBie de Roulans

a time as possible. For material reasons, we could not do (dep. 25) du 23é&vrier 2004, Preliminary report, 21 pp., 2004a.
so. Fortunately, no major incident, whether local or national,BCSF (Bureau Central Sismologique Francais): Rapport sur le
seemed to be able to change people’s perception during the séisme du 5 dcembre 2004 de Waldkirch (Allemagne) Magni-
several months of our survey. tude 4.9 MI, Report, 35 pp., 2004b.

Finally, as we found that the type of hazard (i.e. indus- Bonnet, E.: Risques industrielévaluation des vulgrabilites terri-
trial or seismic) influences the socio-spatial vulnerability, we ~ toriales. Le cas de l'estuaire de la Seine. PhD thesis, Unigersit
would probably find other values for other types of risks _ duHavre, France, 331 pp,, 2002. = , _
(flood, nuclear, transport of dangerous goods). ComplemenI_30nnet, E.: Risques industriels: territoires vedables de I'estuaire

. ; . de la Seine, Mappemonde, 76(4), 1-&ttf://mappemonde.
tary surveys could help to implement this hypothesis too and mgm.frinumd/articles/art04401. hjnR004.

lead to the “multi-risk” approach we are aiming to develop. Borraz, O., Gilbert, C., and Joly, P.-B.: Risques, crises et incerti-

tudes: pour une analyse critique (Vol. 3). Maison des sciences de
’homme-Alpes, 2005.
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