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Abstract. Regularly occurring flood events do have a his- water on streets were published in the scope of several studies
tory in Santiago de Chile, the capital city of Chile and study (AC Ingenieros, 2008; Antinao et al., 2003; CADE IDEPE,
area for this research. The analysis of flood events, the re2001; Ayala et al., 1987). The amount and type of damage
sulting damage and its causes are crucial prerequisites fahat the affected elements within these hazard zones suffer,
the development of risk prevention measures. The goal ohowever, is heterogeneous and not recorded in any inven-
this research is to empirically investigate the vulnerability tory. The extent of damage depends on the vulnerability of
towards floods in Santiago de Chile as one component ofhe affected people and infrastructure. Flood vulnerability
flood risk. The analysis and assessment of vulnerability ishas its origins in various dimensions that are sometimes hard
based on the application of a multi-scale (individual, house-to capture and to describe precisely and even harder to mea-
hold, municipal level) set of indicators and the use of a broadsure and to evaluate. What is lacking for the study area is
range of data. The case-specific set of indicators developethformation about the vulnerability of the people, buildings,
in this study shows the relevant variables and their interrela-and infrastructure in the flood-prone areas in order to be able
tions influencing the flood vulnerability in the study area. It to derive flood risk reduction measures. So far, vulnerability
provides a decision support tool for stakeholders and allowsassessment in the study area has only focussed on land use
for monitoring and evaluating changes over time. The papems the sole determinant of vulnerability (Perez, 2009). More
outlines how GIS, census, and remote sensing data as well agpecific research on coping capacities and exposure issues to
household surveys and expert interviews are used as an iffurther characterize and analyze vulnerability to floods has
formation base for the derivation of a vulnerability map for not been carried out yet. Thus, this study investigates vul-
two municipalities located in the eastern part of Santiago denerability to floods in Santiago de Chile, i.e. in a semi-arid
Chile. The generation of vulnerability maps representing theenvironment with rather low flood heights, for the first time
two different perspectives of local decision makers (experts)and discusses them with respect to their importance for flood
and affected households is exemplified and discussed usingsk both from the perspective of the affected population and
the developed methodology. regional decision makers. Hence, this paper compares the
evaluation of vulnerability from different perspectives.

i Vulnerability is embedded into the concept of risk as

1 Introduction shown in Eq. (1).

Floods in Santiago frequently affect numerous people, build-Risk= Vulnerability x Hazard(Wisner et al, 2004 UNDP, 2004 (1)

ings, and infrastructure across the city. The dramatic and N )
ongoing urbanization process in Santiago is leading to an in- N€Xt to the hazard, vulnerability contributes to the gener-
tion of risk. That means that risk evolves where a hazard

crease of the flood hazard and an increase of population an@

infrastructure in flood-prone areas. Hazard maps for santiZone spatially interferes with areas that are vulnerable to the

ago de Chile for floods resulting from river and canal over- particular thread. The assessment of vulnerability through

flow, high ground water tables, and accumulation of stormits fuzzy nature remains an ill-structured problem. This has
been stated numerous times in literature (Taubeklet al.,

2008; Villagran, 2006; Rashed and Weeks, 2003). Find-
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(annemarie.ebert@ufz.de) ity’ show that there are basically two approaches to measure
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vulnerability, (i) expert approaches, such as indices based oet al. (2005) that emphasizes the diversity of relevant scales
expert knowledge (see listing below) and (ii) participatory for vulnerability research. Besides physical and social char-
approaches, e.g. self assessment that fosters raising awarmeteristics of an individual or household level, institutional,
ness of the negative situation that people might get into (Birk-economic, and systemic conditions that influence vulnerabil-
mann, 2005a; Kienberger and Steinbruch, 2005). ity are included in the proposed concept. Encompassing two
This research applies an indicator-based expert approacldimensions, Clark et al. (1998) define vulnerability as “peo-
In order to be measured, the dimensions, characteristics aple’s differential incapacity to deal with hazards, based on
variables that define and influence vulnerabilities have to baghe position of groups and individuals within both the phys-
assigned with a crisp value, i.e. they need to be scaled ugcal and social worlds”. During field surveys it was inves-
ing indicators (Atteslander et al., 2008). Birkmann (2005a)tigated whether or not there is a relation between the geo-
states that the employment of indicators requires an overalgraphic location of a household, its social position and the
goal and guiding vision, which is in this case the reductionlevel of coping capacities and risk knowledge of its inhabi-
of flood vulnerability. Birkmann (2005a) names the ability tants. Thus, the definition given by Clark et al. (1998) also
to set priorities, to give a background for action, to raise coincides with the research direction followed in this study.
awareness and analyze trends as the most important func- The definition that is found appropriate for this research is
tion of indicators. For the practical analysis and assessmerftased on the previous findings:
of vulnerability to floods in Santiago, a set of relevant in-  Vulnerability results from the social and physical condi-
dicators was developed in the scope of this study. For thdions that make parts of an urban system susceptible to expe-
validation of these indicators, expert opinion as well as therience damage from a flood event (modified after Wisner et
perception of the (potentially) affected population was takenal., 2005 and Clark et al., 1998).
into consideration. The different opinions on the generation Physical conditions comprise, for example, exposure to
of vulnerability, the data collection for the indicators and the the hazard. People and buildings are only exposed if they
generation of vulnerability maps based on the selected indido not have sufficient structural or private measures against
cators are presented from Sect. 4 onwards. flooding (e.g. walls, backflow flaps). In other words, a build-
ing is not exposed if it is surrounded by a solid high stone
wall that keeps all water out. Social conditions refer to the

2 The concept of vulnerability characteristics of an element at risk that make it less suscep-
tible to suffer damage from floods, i.e. knowledge about the
2.1 Theoretical framework hazard or the age of the affected people. The means by which

people or organizations use available resources and abilities
Vulnerability has its origin in poverty research and, generallyto face adverse consequences that could lead to a disaster are
spoken, explains why the same hazardous event has differentefined agoping capacitie§UN/ISDR, 2004).
effects on each element at risk, i.e. people and infrastruc- Pelling (2003) understands vulnerability as a concept com-
ture. A variability of types of vulnerability exists: social, prising exposure (location relative to hazard, environmental
physical, ecological, economic, individual, and urban vul- surrounding), resistance (livelihood, health), and resilience
nerability amongst others (compare Adger, 2006; Luers efadjustments, preparation). Especially the consideration of
al., 2003). The high amount of definitions for vulnerability resistance - referring also to the economic, psychological,
that can be found in literature is a corollary. The commonand physical health of individuals - make the approach very
baseline of all approaches is that they refer to the conditiongealistic, but at the same time very costly and complex as
that make an individual or a system susceptible to experiencen-depth household studies are needed. While indicators re-
harm as a consequence of an external shock. What differferring to exposure and resilience are included in this study,
is the explanation for that aforementioned susceptibility, asindicators referring to the resistance are left out (a) because
that depends on the type of shock, the considered scale, threspective data were not available, (b) because for an ap-
reference objects and the location-specific conditions. Thepropriate evaluation they require expert knowledge that was
concept of vulnerability is non-tangible and it is a practical not available in the scope of this study, and (c) because it
challenge to quantitatively capture it. A range of elementarywas found during field surveys that floods with the compa-
concepts have been generated which all have a high explanaably low magnitude as occurring in Santiago de Chile can
tory value and represent interdependencies that are more @redominantly be explained using physical exposure and re-
less universally valid. They can then be specified for indi- silience indicators.
vidual case studies by choosing vulnerability indicators ac- It has to be stressed here that vulnerability is a highly dy-
cordingly (Bogardi, 2006; Birkmann, 2005b; Brooks, 2003; namic component. The level of vulnerability can change
Cutter et al., 2003; Turner et al., 2003). A very prominent rapidly, e.g. after the impact of a disastrous event or slowly
concept to capture the multi-dimensional character of vul-with changing personal, communal or national conditions
nerability is the “Pressure and Release (PAR) Modell” de-(e.g. individual ageing process, political changes, economic
veloped by Blaikie et al. (1994) and republished by Wisnerdevelopment, ... ). Vulnerability is to a large part dependent
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on the hazard: In terms of construction material, for exam-criteria flood risk assessment and mapping approach imple-
ple, this means that a certain construction material shows anented in the software tool FloodCalc. Kubal et al. (2009)
higher fragility towards floods than earthquakes. applied the approach developed by Meyer et al. (2009) to
an urban area, to the city of Leipzig (Germany). The study
2.2 Practical vulnerability assessment using indicators  likewise focuses on estimating the damage potential with
regard to economic, social, and environmental aspects af-
Vulnerability assessment helps to identify people or prop-ter a flood event. Fekete (2009) applied census data vali-
erty that is susceptible to suffer harm. However the variablesiated with a second independent data set about damage after
that cause this vulnerability cannot be generalized. Reasonfood events in 2002 to analyse social vulnerability in Ger-
for the vulnerability of a modern Global City can differ re- many. Kienberger et al. (2009) developed a raster cell based
markably from those e.g. in a fast growing megacity in a object-oriented approach for the assessment of vulnerability
developing country. It is also widely recognized that indi- to floods in Austria.
viduals, households, and neighbourhoods are able to influ- Applying a bottom-up approach, Pelling (1997) published
ence their level of vulnerability (Kuhlicke, 2008; Heijmans, a study on vulnerability to floods where field surveys were
2004). Through the development and application of indica-conducted seven days after a flood event in Georgetown,
tors and parameters, relevant aspects and contexts can be e3uyana, in order to find out what type of people was af-
amined and integrated into practical tools (Wisner, 2003). fected by floods. The findings showed that those households
To practically assess vulnerability in a specific study area,experienced the highest damage were the ones that had a low
it is of utmost importance to identify those factors and vari- income, poor housing quality and little community organiza-
ables that make a specific urban system vulnerable to a cetion (Pelling, 1997).
tain hazard and to explore how these factors take effect. Once Several studies apply indicators to evaluate the success of
these variables that cause social phenomena are identifiedyeasures for the reduction of vulnerability or structural flood
they need to be converted into indicators to enable the aseontrol measures (Brouwer and van Ek, 2004; Bana Costa et
signment of values and a consequent measurement. Indiced., 2004). In contrast to the present study which focuses
are then developed to allow at minimum a relative evaluationon the analysis of reasons for vulnerable conditions which
of vulnerabilities among different people or places, i.e. toare not yet known for the case of Santiago, those studies go
determine if one area is more or less vulnerable than anotheone step ahead and aim at judging concrete measures for the
Besides this, the use of indices allows assessment of vulneraeduction of vulnerability and risk but do again emphasize
bility and its comparison amongst places also for an analysigshe importance of including stakeholders.

over time in the same area. These and other studies have led to important scientific and
practical knowledge about vulnerability and vulnerability as-
2.3 State of the art in vulnerability assessment sessment. Besides specific projects, several national and in-

ternational programs and institutions, such as the Helmholtz

The importance of vulnerability assessment in the scope oEOS Natural Disasters Networking Platform (NaDiNe), the
disaster management has been recognized: Numerous apiR (German Aerospace Centre) disaster management cen-
proaches to assess vulnerability using indicator-based toptre, the RISKEOS network (a network of European service
down methods can be found in literature (te Linde et al.,providers, which is part of the GMES (Global Monitoring for
2011; Taubentick et al., 2011; Huttenlau et al., 2010; Kien- Environment and Security) Service Element Program), the
berger et al., 2009; Fekete, 2009; Kubal et al., 2009; Meyer eDresden Flood Research Centre, the UK Flood Risk Manage-
al., 2009; Ebert et al., 2009; Taubérk et al., 2008; Fedeski ment Research Consortium, several national research agen-
and Gwilliam, 2007). cies such as the British Environment Agency, and the United

Taubenbck et al. (2008) investigated on the potential of States Geological Survey (USGS) that focus on flood risk
remote sensing data (IKONOS, Landsat, SRTM) for vul- management do exist and work on different spatial levels.
nerability and risk assessment in the earthquake-prone area The challenges that always remain are (i) the selection
of Istanbul. Ebert et al. (2009) used Quickbird data for aof appropriate variables that are capable of representing the
study area in Tegucigalpa (Honduras) to map elements at riskources of vulnerability generation in the specific study area,
(roads, buildings, green spaces) and their social vulnerabilityii) the determination of the importance of each indicator,
to landslides and floods using proxy variables. Taubekb (iii) the availability of data to analyze and assess the indi-
et al. (2011) highlighted the added value of multi-temporal cators, and (iv) the validation of the results.
and multi-scale remote sensing and high-resolution elevation
data for the assessment of flood risk in urban areas as they
can be applied to address a range of vulnerability-related
guestions. Te Linde et al. (2011) combined various digital
data sources to assess vulnerability to floods in the Rhine
catchment. Meyer et al. (2009) developed a GIS-based multi-
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Table 1. Overview about available geodata.

Content Format Data source
Contour lines and derived , Polyline shape, AC (2008),
digital elevation model (DEM) raster file own derivation
1:2500 and 2.5 m, respectively of DEM
Administrative units Polygon shape INE (2002)
(building blocks)

Classification results containing  Raster with 2.4 Own

17 urban land use/land cover geometric resultion in channels classification
classes from Quickbird Blue, Green, Red and Nearlnfrared,

satellite image 0.6 m geometric resolution

in panchromatic channel
and classification result

Census data Pre-processed, INE (2002)
in table format

3 Study area and data base ture. To allow for a more detailed study, this research was
carried out for a specific part of the city. The chosen study
3.1 Study area area comprises two communities situated at the western slope

of the Andes (Fig. 1).

This research focuses on Santiago de Chile, the economic BOth are crossed by several creeks and are regularly af-
center and largest agglomeration of the country. Withfeaed by floods. Healokn is one of the most densely pop-

6.8 million inhabitants it accommodates 40% of the total ulated communities of the metropolitan area. The settlement

Chilean population (INE, 2008). The city is located in the °f the originally rural area of Falokn started with pro-
central region, where the climate is characterized by longC€SSeS of spontaneous and illegal land takes by low-income
dry summers and a clearly marked rainy season with few bu@roups. Still today, the community is marked by great socio-

intense precipitation events. Santiago is built in a depres-economIC diversity. In comparison, La Reina has a much

sion between the Coastal Range and the massive Andes Mafn2ller population and building density and is considered as
Range. Several creeks or so-called “quebradas” charactef Middle to upper m|dFjIe class community.
ized by sporadic alluvial discharge drain the ranges towards The floods in Santiago are typically slow (i.e. no flash

the city. Chile’s economic boom of the last three decadegloods), carrying large amounts of sediments and branches
has transformed Santiago into one of Latin America’s mostfrom deforested SlOpeS that remain on the streets after the wa-

modern capitals within a short period of time. Due to ter disappears (Reyes Paecke, 2003). Other characteristics of
the growing demand of space the urban area is continuthese floods are the different and partly overlapping sources
ously expanding, especially towards the slopes of the Andea®f danger. Unchanneled rainwater entering the city from
foothills. From 1940 to 2002, the urban built-up body grew the creeks as well as water from overloaded channels flows
from 11017 ha to 64 140 ha (Galetovic and Jordan, 2006)into town and causes danger zones, mainly along the roads.
In the particular study area, i.e. the municipalities La ReinaBesides that, rain water accumulations resulting from topo-
and P@&alolen, the analysis of land-use/land-cover (LULC) graphic sinks and/or a malfunctioning or missing stormwa-
Changes shows a growth of the amount of bui|t_up area b);er infrastructure cause local flooding. For the irregularity
7.47 % in La Reina and by 13.46 % in fidolen between  ©f the flood sources, it becomes challenging to select appro-
1993 and 2009 (our own calculations based on the ana|ypriate indicators. The floods occur rather regularly (almost
sis of remote sensing data with a spatial resolution of 15 m)annually) and people have in most cases adapted to a certain
The loss of vegetation cover and the sealing of the slope rehazard level or do adopt as sooa as they have suffered dam-
gions mean that surface water rapidly enters the urban are@ge once. However, information about the cost of these flood
resulting in frequent floods at times of heavy precipitation €vents is not available for the study area.

events. The situation becomes even more problematic as ur- Investigations of the Inter-American Development Bank
ban planning cannot keep up with the significant growth ofhave prooved that predominantly small and medium haz-
the city and also parts of the natural drainage systems havardous events have a cumulative negative impact on daily
been claimed for the construction of housing and infrastrucife and on local and regional capital accumulation (Wisner,
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Fig. 1. Location of the study area.

2003). Also in the study area, floods — even with a lowering out extensive field studies. This clearly eases the multi-
intensity — cause monetary costs as well as alternative costéemporal assessment of vulnerability homogeneously over
e.g. if people are hindered from going to work and the qual-larger areas. The available Quickbird data were classified to
ity of life decreases. The flood height seldom exceeds 20 cnaerive LULC maps using an object-based analysis approach.
but regularly interrupts urban functioning and harms vulner-The broad applicability of object-based image analysis of re-
able households in one or the other way. Due to the hillymote sensing data has been highlighted by Blaschke (2010).
topography, material damage to private homes often occuré\ range of studies prooved the great advantages of this ap-
quite selectively. Most frequently, front yards, outer walls, proach for building extraction in the context of urban flood
floors, and furniture are affected, moisture remains in therisk management (Taubebtk et al., 2011; Jacquin et al.,
walls (physical damage) or people are trapped in gated com2010; Ebert et al., 2009; Banzhaf andfr, 2008). The de-
munities and cannot go to work (immaterial and economiclineation of built-up areas and green spaces as they are most

damage). relevant for this article; in the following it is used as input
data for vulnerability indicators. The classification accuracy
3.2 Data base is 0.88 for built-up areas and 0.95 for green spaces. The ap-

plied digital elevation model (DEM) was derived from 2.5 m

The information used in this study is based on the analysis ofontour lines using an adapted inverse distance weighted al-
geodata, such as land-use and land-cover maps derived froRPrithm after Hutchinson (1989). The information of the
satellite data and GIS data as well as census data. In add{and-use map and the DEM were then combined using a GIS
tion to the available database, field surveys were carried out® 0btain information about the location of the buildings in
to obtain more detailed information about coping capacitiesrelat'on to the street level. Therefore, buildings as they were

and specific household characteristics in the selected confierived during the object-based analysis from the Quickbird
munities. data and streets as they were manually digitized for the high-

est possible accuracy were assigned with average elevation
values. This analysis was then completed by carrying out a
spatial query to identify those built-up areas that are located

The following data is available for the study area (Table 1):

Geodata are used for this study as they are readily avail
able from different points in time without the need for carry-
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at or below the level of frequently flooded streets. While in- residents in these areas. For these reasons, the implementa-
formation derived from geodata (GIS, remote sensing datajion of systematic random selection of households was not
or from census data cover large areas and are mostly readdways possible. It has to be noted, however, that people’s
ily available, they generally have not been acquired specifi-willingness to answer the questionnaire differed depending
cally to obtain information about flood risk. Especially for on their experience with floods. People that were regularly
the analysis of vulnerability, additional data sources were re-and/or strongly affected by the floods tended to agree to par-
quired to get more causal information on how vulnerability ticipate rather than people without any flood experience. For
is being generated. Additionally, geodata alone only providethat reason, the sample contains proportionally more affected
a limited level of spatial detall, i.e. individual characteristics households. With regard to the content, this has no impact
cannot be delineated. Therefore, further specific informationon the indicator analysis. It is more critical that due to these
was collected during field surveys and expert interviews.  difficult conditions, the sample size was even smaller than
To obtain knowledge on why and how households are vul-planned. A total of 82 household surveys was conducted in
nerable to flood events, which characteristics and dimensionthe municipalities of La Reina and Ralolen. The sample
are most important, and how the affected people personallgannot withstand any hard criteria of representativeness. Be-
evaluate the issue of floods, interviews were carried out withsides the question of being representative, small samples face
households in flood- prone areas according to the regionathe hazard of rejecting theoretically plausible hypotheses or
development plan (PRMS). The most appropriate method t@f not being able to non-ambiguously verify these hypothe-
obtain the desired information is a structured interview us-ses. However, having only small samples available for cer-
ing a standardized questionnaire (Atteslander et al., 2008)}ain fields of research should, according to Prein et al. (1994),
A pre-test carried out in the field ensured that the closed anadhot hinder empirical research in the respective research ar-
open questions that were posed in the Spanish language weeas. For that reason, this research includes next to statisti-
clear and understandable. Possible additional questions weieal analyses the application of plausibility criteria that are
clarified during the interview as all questionnaires were com-supported and verified particularly through the statements of
pleted personally with the interviewees. The face-to-face in-the actors. This research has a predominantly exploratory
terviews also allowed the participation of illiterate persons character but provides valuable quantitative data at the micro
and a detailed mapping of the living situation. level at the same time that could only have been gathered us-
In 2002, 27.8 % (approx. 26 900 people) of the populationing the presented methodology with its limitations. The main
in La Reina and 17.99 % (approx. 38 900 people) of the to-goal of this research is, consequently, to work out tendencies
tal population in the municipality Falolen were living in  in a small area that allow for testing the relationship between
areas that are flooded at least once every two years. Thieousehold characteristics and vulnerabilities towards floods.
household size in the study area is in average 4.06 (our own An additional questionnaire was designed to inquire into
calculations based on census data (INE, 2002)). As in theéhe specific importance of vulnerability indicators from the
scope of this research it was practically impossible to inter-expert’s point of view. During the household surveys, a range
view all households potentially affected by floods, stratified of variables and characteristics related to flood vulnerability
samples were selected in order to prevent possible undemwere obtained but their importance and weights that need to
representation of relevant characteristics even with a smalbe known for the calculation of a vulnerability index did not
sample. Following the theoretical discussion (Adger, 2006;entirely and reliably become clear from the household survey
ISDR, 2004; Pelling, 1997; Chambers, 1989), a strong linkalone. Therefore, a standardized questionnaire with closed
between vulnerability and socio-economic characteristics isand open questions (Atteslander et al., 2008, p. 136 ff.) was
assumed, thus the distribution of household characteristicglesigned. The closed questions comprise a list of vulnerabil-
and capabilities that can serve as indicators vary betweeity variables and five possibilities to rank their importance
groups of different social status. For the analysis, an ever{100 % =very important, 75% =important, 50 % =medium
distribution (disproportionate stratification) between socio-important, 25 % =little important and 0 % = not important).
economic groups was aimed at. For the final selection ofOpen questions in the questionnaire left the opportunity to
households, a systematic random sampling was conducteddd comments to the experts’ evaluation of each indicator
backed up by available maps of the distribution of Socialand to list further aspects and variables relevant for the anal-
Economic Groups (Grupos Socioeconomicos — GSE, Adi-ysis of vulnerability. The Spanish questionnaires were sent
mark, 2003). In practice, the selection of the householdout together with a cover letter by email to experts that were
was mainly dependent on the accessibility, the presence dibund to have relevant knowledge about flood-related vul-
a household member at different times of day and their will- nerability in the study area. Eleven out of 50 questionnaires
ingness to participate in the survey. Due to increased crimwere returned by email within a period of three months be-
inalization in parts of the municipality of Relolen, some tween November 2009 and February 2010, whereby a re-
districts were not accessible. Furthermore, the increasingninder was sent out after seven weeks leading to a doubling
crime in neighbourhoods leads to a strong isolation whichof the previous response rate. The comparably low initial
made it even more difficult to get in contact with upper classresponse rate might be interpreted in such a way — amongst
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other probable reasons — that the topic of flood risk and eseof view defines which households are vulnerable to floods.

pecially of vulnerabilities was not considered very relevant To verify the variables, correlation analysis was applied.

to the actors. All closed questions were always completely Answers from the residents about material and immate-

answered; the open (voluntary) questions were only partiallyrial damages they suffered during flood events improved the

answered. understanding about what it practically means to be affected
and to suffer damage from floods. 34 out of 82 households
declared they suffered physical damage, i.e. that parts of

4 Indicator development the exterior (garden furniture, plants) or interior equipment
(floor, documents, electric equipment, furniture, etc.) got wet
4.1 Selection of relevant variables and were destroyed to different degrees. Three cases reported

that the sewer system broke and excrements could enter their
While a range of widely-accepted relevant characteristics andhouses. In total, 53 households declared they suffered imma-
indicators is being presented in literature, the actual conditerial damage. With more than one answer possible, 24 suf-
tions that determine flood vulnerability are to a certain de-fered limited mobility, 18 isolation, eight had financial losses
gree very site-specific, location-, and hazard-dependent. Thas they could not go to work or as their shops were inundated,
review of relevant literature and the field surveys and inter-and four in each case declared power and water outages, ill-
views carried out in the scope of this research showed thahess, and mental stress.
the variables compiled in Table 2 are most relevant for flood According to the local residents, the location of a building
vulnerability analysis in the study area. These indicators fitin relation to the street level (above, at or below street level),
the local conditions and the flood characteristics best. Atthe employment status (none, sporadic or permanent occupa-
the same time, data for their assessment are available. Datan) and the number of dependent people (household size)
availability limited the application of further indicators that best explain the households’ evaluation of their own affect-
prooved to be applicable in previous studies: While flood riskedness.
assessment is based on state-damage functions in most Euro-Looking at variables such as structural flood protection
pean countries, respective data are not available for the studyneasures, the relation to affectedness is diverse: On one
area (Meyer et al., 2009). For that reason, the inclusion ohand, it prevents from material damage, on the other hand
asset values in the vulnerability assessment was not feasibléeresults that people are captives in their buildings (mostly in
and the vulnerability analysis is predominantly based on thehe case of gated communities) and suffer immaterial dam-
aspect of coping capacities. age. In the questionnaires, 37 households stated they apply
The selection of the indicators is backed up by the out-temporary mitigation measures such as sandbags (23 people)
come of the expert survey. This survey brought up culturaland cleaning of drains and gutters before the raining season
aspects as the only other variable that should be considerestarts (22 households).
in the vulnerability assessment. Besides providing a list of A central finding from the field surveys that for method-
suitable indicators, Table 2 also lines out the relevance oflogical reasons could not statistically be proven is that the
the indicators for the specific case study and provides furtheexperience with floods plays a central role for the level of
references for each indicator. vulnerability. Households that had suffered any type of
damage during floods did take precaution measures, as it is
4.2 Evaluation of the variables based on the household widely known that floods are a regularly reoccurring phe-
surveys nomenon. The survey showed that the first flood protec-
tion measures (mostly requiring financial investments) were
The household surveys carried out in the municipalities oftaken after a building or household suffered damage and not
La Reina and Fealolen were meant to proove the ability of in advance. That means that preventive protection measures
the identified variables to explain flood vulnerability in San- were not considered important. Twenty of the households
tiago, taking into account the local knowledge and percep-then took permanent measures: Six heightened their houses,
tion of the affected people. On the one hand, the questione.g. with cement, 15 constructed walls or watergates, four
naire contained information about the household characteriseonstructed a private drainage system on their property (mul-
tics identified as relevant for vulnerability assessment (com-+iple answers possible). However, none of the households
pare Table 2, except of Variable 4). On the other hand, interthat had never experienced harm took permanent prevention
viewees should define damages or limitations suffered frommeasures. The statistical lack of correlation between affect-
flood events and evaluate their own affectedness on a scakedness and experience as well as affectedness and protection
with three values (not affected/moderate affected/heavily af-measures can be explained amongst others by the small sam-
fected) based on their experience of the annual flood eventple and the diverse dimensions of damage. For instance, a
and the current capacities to cope with these events. Againstousehold that built a watergate to protect the property from
the background of the repeatedly occurring events, the aswater outside can still be affected e.g. because the residents
sessment of their own affectedness from the people’s poinare isolated and have no possibility to buy food and to go to
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Table 2. Variables relevant for the assessment of flood vulnerability in the study area.

No \ Variable Relevance Reference
Physical vulnerability
1 Main construction material determines the physical fragility towards Schneiderbauer (2007);
for roof, walls and floor flood events and indicates the resistance Tatbe007);
to damage and also the social status Clark et al. (1998);
Cutter et al. (2003)
some types of construction material allow Field surveys
humidity to remain in the walls or floor after
flood events which can lead to health problems
2 Position of buildings in determines the likelihood of constructions Schneiderbauer (2007)
relation to the street level to suffer damage in case of a flood event,
people that live below or at street level Field surveys
show a much higher exposure to the floods
3 Proportion of green spaces used to describe the social status Stow et al. (2007)
per building block
the higher the amount of green spaces in Niehoff et al. (2002)
an area, the higher the retention potential
and the lower the flood hazard
4 Availability or application small walls and backflow flaps Schneiderbauer (2007)
of flood protection infrastructure reduce the exposure
Social vulnerability
5 Age the young and the elderly people are Schneiderbauer (2007);
vulnerable to natural hazards both Haki et al. (2004);
because of their physical condition Cutter et al. (2003)
and their financial dependence
the vulnerability of the elderly Clark et al. (1998)
is minimized by their experience
6 Gender women are generally described as more vulnerable Wisner et al. (2004);
to natural hazards than men because of their stronger Haki et al. (2004);
involvement in family life, sector-specific jobs and lower wages Cutter et al. (2003)
women are more emotional Field surveys
which makes them more vulnerable
7 Level of education strong relation to income and social status Schneiderbauer (2007);
contributes to a better knowledge about natural extreme events and  Velasquez and Tanhueco (2005);
their origins and about methods to reduce and mitigate the hazard Haki et al. (2004)
8 Household size the higher the household size, Haki et al. (2004);
the lower the social status and the higher the Cultter et al. (2003)
amount of people affected — and therewith the damage
large households embody intrinsic social networks and Velasquez and Tanhueco (2005)
manpower which can be valuable in emergency situations
9 Employment status Indicates the regularity of income and therewith Field surveys (modified after
the possibilities of a household to save money Dwyer et al., 2004)
for flood mitigation measures or to cope with negative affects.
It is distinguished between no employment, permanent
employment and sporadic employment
10 | Experience with floods Increases people’s sensitivity to the problem, Birkmann (2005a),
leads to the generation of private flood Velasquez and Tanhueco (2005),
mitigation measures; positive influence on preparedness Wisner et al. (2004),
Cardona (2003)
11 | Knowledge about flood hazard The more knowledge and information Cardona (2003)
available, the lower the vulnerability
12 | Knowledge about private diminishment of vulnerability, financial resources Wisner (2003), field surveys

protection measures

are not real constraint for the construction of
protection measures — at least not for short-term
protection measures such as sandbags
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Fig. 2. Location of the surveyed households with their predominant type of flood-related damage and location of the floog-hanasd
after according to the Regional Development Plan.

Table 3. Most explanatory variables: experts’ and residents’ perspective.

Experts’ perspective \ Local residents’ perspective

Position of buildings in relation to the street level| Position of buildings in relation to the street level
Main construction material for roof, walls and floor Employment status
Proportion of green spaces per building block Household size

work or the electricity breaks down etc. Additionally, this each building block in the background, and the type of dam-

lack of correlation can be interpreted as advice that in somege the households predominantly suffered. It becomes ob-

cases, private measures do not provide sufficient protectionvious that by trend, the damage in areas with a higher socio-
No relation could be shown for the variables level of edu- economic level is immaterial. The damage is more likely to

cation and income groups with knowledge about protectionbe matenal in areas where more households from the lower
measures and taking of measures. The reason is most Iike@OCIaI level are found.
that information is largely circulated on informal networks
working independent of social status. Finally, it can clearly
be stated that the frequently used socio-economic indicators
are nqt_sufhment for the explanat_|on of the ge.nerat.lon of Vu'fWhiIe the relevance of variables related to hazard and ele-
nerability (compare Adger, 2006; ISDR, 2004; Pelling, 1997; ments at risk can be defined physically or mathematically, the
Chambers, 1989). relevance of the variables referring to vulnerability with re-
Figure 2 shows the location of the interviewed households spect to flood risk is more challenging to evaluate. Interviews
the flood hazard zones as contained in the Regional Develearried out with local decision makers allowed a broader es-
opment Plan (PRMS), the average socio-economic group ofimation of respective information and deeper insight into the

4.3 Evaluation of the variables based on the expert
interviews
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local, site-specific conditions. Questionnaires sent out to exof (in this case only) 65 % importance. This last value and the
perts working in the regional government or branches of min-interpretation of comments from the expert interviews show
istries, in non-governmental organizations as well as com+that not only the low income groups, but also middle and
munal planning institutions in the research area produced thaigh income groups are affected by floods, a fact supported
findings reported in the following. by the results from the household surveys. The difference be-
The evaluation of eleven questionnaires completed by exiween the socio-economic groups is rather the type of dam-
perts working in the fields of urban development and plan-age. Household size was not part of the expert questionnaire
ning on municipal and regional levels, in natural conserva-as it strongly correlates with the socio-economic level of the
tion and the Ministry of Public Works showed that parame- household. In order to avoid redundancy of information, this
ters referring to the location of a building (position of build- variable was left out in the expert survey. Only in the anal-
ing in relation to street level, and distance to water way) asysis phase, it was discovered that it is a relevant variable in
well as the construction material of a building, and the avail-the vulnerability analysis of the households.
ability of private protection or mitigation measures are ex-
pected to be most relevant for the assessment of vulnerabilitg.4 Comparison of the evaluation results
(Table 3). This questionnaire survey introduced in Sect. 3.2
asked the participants to rate the vulnerability variables aslThe comparison between the results from the expert survey
shown in Table 2 according to their relevance in the studyand the household survey is interesting: Although the results
area with values between 0 and 1 (1 means 100 % imporeannot be compared directly as the applied methods were dif-
tant). The average ranking result was then calculated as thterent and the set of variables taken into consideration was
arithmetic mean of the 11 questionnaires for each variablenot identical, some findings can be highlighted: While the
The following listing provides information about the ranking location of a building in relation to the street level and the
and rating in average (short names of the variables, numbeslope of the street as a hazard indicator have in both cases
of the respective variable from Table 2 in brackets): been ranked important, the employment status of the people
(permanent contract or sporadic work) was ranked as very
— Position of building in relation to street level: 0.85 (vari- important in the household survey but only a little important
able 2) (32.5 %) in the expert survey. The same applies for the avail-
ability of private protection measures. While experts rank
this parameter as very important (85 %), the household sur-
vey showed no significant relation between the households

— Availability of flood protection measures on building:
0.85 (variable 4)

— Construction material of building: 0.75 (variable 1) that have private flood mitigation measures (e.g. walls or wa-
tergates) and households that suffered damage. Although not
— Experience with floods: 0.725 (variable 10) statistically significant, the high relevance of this indicator

was experienced during the field survey. For further anal-
ysis, only those variables were considered where sufficient
Knowledge about flood protection measures: 0.7 (vari-data for their quantitative assessment were available.
able 12) As stated before the ranking of the importance of each
characteristic varies amongst the experts, depending on their
Socio-economic level of household: 0.65 (variable 7)  professional background, the administrative level they are
working on and possibly also the interests that each insti-
tution follows. That shows the different viewpoints and also
the knowledge gaps in the scope of vulnerability assessment.

Knowledge about floods: 0.725 (variable 11)

— Proportion of green spaces per building block: 0.675
(variable 3)

— Age: 0.425 (variable 5)
4.5 Final selection of variables and conversion

— Building usage (commercial, residential, industrial): into indicators
0.4
Taking the relevance of each flood-related characteristic, the
knowledge obtained during field stays and data availability
— Gender: 0.3 (variable 6) into account, a set of 12 variables (Table 2) was selected to
get an estimation of the flood vulnerability in Santiago de
Building usage was introduced as a new variable in the experChile.
survey to find out its importance. In the household survey, However, using all indicators also the ones with a low
only residentially used building were considered. While ageweight according to the evaluation of the experts leads to a
groups, gender and building type/usage were rated as littleather homogeneous distribution of vulnerability. The rea-
important 42.5 %, 30% and 40 %, respectively), the socio-son for that is that variables such as gender and age show
economic level of a household was in average evaluated to ba very balanced content over the study area. With that they

— Occupation status: 0.325 (variable 9)
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Fig. 3. Vulnerability map of the study area according to the indicator weight evaluations of the affected households.

statistically level out the vulnerability values. For that rea- Several variables were only available for a small part of

son, only those three variables that are according to (i) thehe study area, i.e. for those households that were inter-

affected households and (ii) the experts most relevant for theviewed. They comprise (i) the availability of flood protection

determination of vulnerability were used and converted intoon buildings, (ii) the experience with floods, (iii) knowledge

indicators (Table 3 and Table 4). According to the house-about the flood hazard, and (iv) knowledge about private pro-

hold survey, it concerns the variables position of buildingstection measures. Thus, these variables were omitted for the

in relation to street level (variable 2), the employment statusfinal vulnerability analysis.

(variable 9), and the household size (variable 8). In the case

of the experts, they are the variables position of buildings in4.6  Assignment of information to the indicators

relation to street level (variable 2), the construction material

(variable 1) and the amount of green spaces (variable 3).  GJs data, census data and the classification results of the re-
For practical risk analysis, all variables need to be trans-MOte sensing data are used to derive information to feed the

formed into indicators and can then be applied in a Gl S-pasedndicators. This section presents the methodologies to derive
multi-criteria analysis. The vulnerability variables show a data for each indicator. Table 4 shows the indicators and the
very diverse nature. To make all of them comparable, theyrespective data source and methodology to derive informa-
are best translated into ratio scale indicators, i.e. all indicafion content for each indicator (compare Sect. 3.2).

tors are expressed as relative frequencies per building block

in order to treat them as quantitative measures in a vulnera4.7  Application of the vulnerability index

bility index. The indicators are thereby always formulated in

such a way that a high indicator value represents high vul-A vulnerability index adapted from Haki et al. (2004) and
nerability. The variable construction material as an examplealso used by Kienberger et al. (2009) was applied to calcu-
was transformed into the indicator “Proportion of buildings late the vulnerability of each building block to flood events
with poor construction material per building block” to cap- using the selected indicators. For the practical implementa-
ture those building groups that show a higher vulnerability totion, the index was normalized by dividing the vulnerability
floods. score by the number of vulnerability items, i.e. the maximum
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Fig. 4. Vulnerability map of the study area according to the indicator weight evaluations of the experts.

vulnerability value is 1. The normalized composite vulnera-4.8 Sensitivity analysis for the weighting
bility was then calculated based on the equation:

Figures 3 and 4 show that the vulnerability maps change
with changing indicators. It still needs to be determined how
VI =Zvi X g ) sen3|t|ye the appl'led weights are. Therefore, a sensitivity
~ analysis was carried out for the weights of the three most
relevant indicators based on the evaluation of the experts.
The weights of the indicators “Proportion of buildings lo-
with VI as the value of the vulnerability index; as the  cated at or below street level per building block” (Weight 1),
weight of each variable (ranging from O to 1) apdas the  “Proportion of buildings with poor construction material per
relative frequency of the variable per building block (ranging building block” (Weight 2), and "Proportion of green spaces
from Oto 1), i as the interval count, and m as the total numberper building block” (Weight 3) were altered and the result-
of indicators. ing vulnerability scores were analyzed. The weights were
The index was applied using a GIS with all relevant in- altered according to the weighting options in the question-
put data being available in a d|g|ta| Spatia' database (polygomaire: 10, 075, and 0.5 for the two first indicatOI'S, 10, 075,
shape file). As a tool for the application of the vulnerability 0-5: 0.25, and 0 for the last indicator. These values cover the
index was previously not available in a GIS, it was created@nswer ranges given by the experts in the questionnaire and
using the ArcGIS Model Builder. Using pre-defined compo- are therefore regarded as being plausible. As none of the in-
nents from the library, a tool was created that asks the useferviewed people considered values below 0.5 being realistic
to enter weights for each vulnerability indicator. After all for the first two variables, these low weighting options were
weights are entered in a valid format (ranging from 0 to 1) left out.
the index is calculated on the fly based on Eq. (2) and a vul- The resulting vulnerability indices were then analyzed
nerability map can be displayed. The weights that need to betatistically using a correlation analysis. Table 5 displays
entered for this calculation are derived (i) from the householdthe results. The first column indicates the name for the
surveys and (ii) from the expert surveys. weight combination, columns 2, 3, and 4 show the respective

Nat. Hazards Earth Syst. Sci., 11, 212723 2011 www.nat-hazards-earth-syst-sci.net/11/2107/2011/



A. Miiller et al.: Assessment of urban vulnerability to floods 2119

Table 4. Data source and methodology applied for the derivation of information for each vulnerability indicator.

No Indicator Data source Methodology

Physical vulnerability

1 Proportion of buildings with poor construction ~ The data base is the composite index referringhe relative frequency of respective buildings was
material per building block to the construction material of each buildingcalculated for each building block.

developed by the Ministry for Housing and Urban-

ism (MINVU, Arriagada and Moreno, 2006). The

index defines garbage, adobe, clay bricks, and soil

as poor construction materials for roof and walls.

Plastics, concrete, and soil are classified as poor

construction materials for floors.

2 Proportion of buildings located at or below streeThe required processing operations comprise tHelevation values from the DEM delineated from
level per building block delineation of a building mask from the results of2.5m contour lines were assigned to the build-

the land use/land cover classification of the Quicking mask (average elevation for each building) and
bird satellite image, the determination of the floodo the hazard prone street network. Using spatial
prone street network and the spatial analysis @fnalysis applications, the distance of a building to
digital elevation data at a very high spatial resthe closest street was determined within a radius of
olution. Flood prone streets were digitized us100 m. The radius was chosen in that size to also
ing 2.5m contour lines, Quickbird satellite datajnclude the front yards that are part of the property
results from previous flood hazard studies (ACand might take damage but are not included in the
2008) and local knowledge. The building maskbuilding mask. Data of lot limits/outlines were not
comprises all image objects that are classified asvailable.
buildings during the LULC classification.

3 Proportion of green spaces per building block The GIS-based combination of all types of Vég-relative proportion of green spaces per
etated areas as derived from the analysis of tHmuilding block was calculated from the LULC
Quickbird data, i.e. trees, grassland, dry vegetalassification results.
tion, and bushland leads to one class 'vegetation’.

Social vulnerability

8 Proportion of households with more Arriagada and Moreno (2006) from the MinisterySecondary information delineated from the index
than 2.5 people per bedroom per building block of Housing and Urbanism in Chile delineated arafter Arriagada and Moreno (2006) was used to
index expressing the number of people sharing orgopulate the indicator.
bedroom. The threshold value of 2.5 people was
hereby defined as a critical value for overcrowd-

ing.
9a  Proportion of people without employment Those people that are according to the censiighe relative proportion of the sum of all people
per building block seeking employment and have worked befordgelonging to the defined groups was delineated

seeking employment without having worked befrom the census data base.
fore, or are permanently unemployable were ex-
tracted from the census data base (INE, 2002).

9b  Proportion of people without permanent income The people in each building block that are accordfhe relative proportion of the sum of all people
per building block ing to the census working for the family, studentspelonging to the defined groups was delineated
retired, homemaker or that have employment budtom the census data base.
are not working were extracted from the census
data base (INE, 2002).

weights for the three indicators, and the last column indicatedbetween the regions remain stable; that is the relative vulner-
the correlation coefficient with the original values, i.e. the av- ability pattern remains. For the combination of this informa-
erage values that were delineated from the expert questiortion with a hazard map to a final risk map, however, more
naires and that were then used for the vulnerability analysisresearch on bringing the weights in an appropriate range of

. _ . numbers would be required. This could be achieved by car-
The results of this analysis prove that the correlation be-rying out more field surveys and expert interviews or by se-

tween the resulting vulnerability scores is very high, exceptigcting validation data after the next flood event.
for the alternative 3-D (last row of Table 5), where the weight

of the third indicator was set to zero. That means that the in-
dicators are not very sensitive to the weights as long as the
weights are larger than zero. Only if certain indicators are
left out of the analysis (i.e. if their weight is set to zero), or if
the applied indicators change (e.g. household survey vs. ex-
pert survey), do the relative vulnerability results change sig-
nificantly. While the absolute values differ, the differences
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Table 5. Results from the sensitivity analysis: The weights for the suffered. predomlnantly immaterial damage (higher socio-
vulnerability indicators and the resulting correlation coefficieht ~ €conomic level in the northwestern part of the study area)

with the vulnerability scores applying the original set of weights. and generally higher in the regions where people suffered
material damage (lower social strata living in the central and

Alternative  Weight 1 Weight2 Weight 3 r2 easte_rn Parts of the study are_a). .

A finding from the comparison of the vulnerability maps
Original 1.0 0.75 0.7 1.00 with the punctual household surveys is that the vulnerabil-
1A 0.75 0.75 0.7 0.99 ity values for the households that suffered both material and
1B 0.5 0.75 0.7 0.96 immaterial damage range from 0.94 to 2.4 according to the
2A 1.0 1.0 0.7 1.00 evaluation of the households and from 1.02 to 2.99 according
2B 1.0 0.5 0.7 1.00 to the evaluation of the experts. The maximum vulnerability
3A 10 0.75 1.0 0.99 scores in the entire map are 2.4 and 3.1, respectively. That
3B 1.0 0.75 0.5 0.99 means that all affected people are rated in the vulnerability
3C 1.0 0.75 0.25 0.91

analysis as being vulnerable, but the maps generated on a

b L0 0.75 0.0 0.72 building block level can only provide an orientation and are
not sufficient to carry out a detailed vulnerability analysis.
5 Results 6 Discussion

Applying the vulnerability index results in a map with vul-  Experts and affected households rated different variables as
nerability values assigned to each building block. Greenpeing most relevant. Variables that were found very relevant
colours indicate low, yellow-orange colours medium and redin both cases obtained different weights. As a consequence,
colours high levels of vulnerability. the resulting vulnerability is similar in some regions but dif-
Figure 3 shows the vulnerability map derived using thefers in others. The main differences are in the region of the
vulnerability index after Eq. (2) with the weights as deter- local airport in La Reina (upper box in Figs. 3 and 4) and
mined from the household surveys, i.e. from the point of viewin the northwestern and southwestern part dgideén, with
of the affected population. According to this evaluation, the the low-income housing areas (lower boxes in Figs. 3 and 4).
building blocks along the aforementioned flood-prone streets=or the chosen level of investigation, the variables age and
are rated vulnerable and some of the building blocks locatedjender can generally not be considered to be a valuable con-
in higher-lying regions of the Andean piedmont. These re-tribution or input information for the vulnerability map. As
gions were not included in the household survey, but have ahe census data are aggregated on a building block level the
comparably high number of inhabitants without permanentproportion of male and female population is in almost all
employment. In this case however, this is not an indicator forcases approximately 50 %. The data thus show a very high
a low social status of the household; rather the opposite is théevel of heterogeneity throughout the study area and average
case as these people prefer an independent lifestyle which isut the information content of each building block. Informa-
not necessarily associated to a low social status. tion about where exactly the “old, single, female” — classi-
Figure 4 shows the vulnerability map based on the eval-cally exemplifying the most vulnerable individual — lives is
uation of the indicators by the experts for the two munic- impossible to obtain using the proposed methodology.
ipalities La Reina and Paloken. Most vulnerable to suf- Having this methodological drawback in mind, it is all the
fer damage from floods are those building blocks along themore interesting to revise the evaluations of the experts: This
roads that are constructed in former creek beds and that argroup rates the personal statistical information with a rather
located on the lower-lying part of that street. Those build- low relevance. With respect to the individuals, their specific
ing blocks that contain a low amount of green spaces andisk-relevant knowledge and experiences are rated to be more
a high amount of buildings with bad construction material important, (even though this can for data availability reasons
show likewise a high level of vulnerability, whereby the num- not be considered in this study). Besides the individual char-
ber of buildings with poor construction material is compara- acteristics, the group of the professionals broadly agrees that
bly low in the study area. The vulnerable areas are the lowthe information that are available on a building or building
income settlements in the south-western and north-westerplock level, e.g. amount of green spaces, construction mate-
part of Péaloken and several building blocks located along rial, are most important for flood vulnerability. Going back
those afore- mentioned large streets that do not have a funae the definition of vulnerability, this proves that the physi-
tioning storm water drainage system until now. cal (or exposure) side seems to have a much higher influence
Comparing this map with the results obtained during theon vulnerability than the social characteristics. The possible
household surveys (point data, Fig. 2), it can be seen that vulreasons for this judgement are double-edged: It is either true
nerability is generally lower in areas where the inhabitantsin reality or the social aspects are not sufficiently perceived
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and considered in the experts’ understanding. It is noteworevant variables can be reduced to a small number of indica-
thy, though, that at first sight practically no responsibility is tors that are distinctive for the study area. This selection was
shifted to the residents as many of the important factors areot only based on statistical analysis but also on the opin-
at least officially in the competence of the experts. Publicion and evaluation of local experts. Incorporating local spe-
projects, such as social housing projects, either provide a bacific knowledge into the analysis enlarged the credibility and
sic house constructed of proper material or support construcacceptability of the research results, making the approach a
tion and renovation initiatives of poor families through finan- modern transdisciplinary one. The set of proposed vulner-
cial aid. In practice however, some public and legal policies,ability indicators can be used on the one hand to show the
especially with regard to construction permits, are not fol- complexity of this problem and to communicate it to relevant
lowed strictly enough. Likewise, the provision and conserva-parties and involved people. On the other hand, it can be used
tion of green spaces — which is a public task — is insufficient.to define and control development directions and to identify
Coming back to the social aspect, the results of the houseproblematic areas, for example, areas with a high number
holds’ evaluation show that the importance of social charac-of people exposed or areas with unfavourable usage. Fur-
teristics is higher there. While the different viewpoints and thermore, the proposed approach implies the possibility to
perspectives might partially explain this finding, there is alsopresent and compare different viewing perspectives (experts
a methodological explanation. The surveys were carried ouand affected people). Field work and expert surveys proved
with individuals; hence, the equipment of the building block the validity of the approach. The chosen methodology al-
with green spaces was not surveyed. The construction matdewed for a repeatable vulnerability analysis and thus for a
rial, however, was part of the questionnaire but did not showmonitoring of its development over time. As the approach
a statistic significance in the analysis of the results. A rea-can be transferred, e.g. to other regions of the city, it can be
son for that might be that the construction material is ratherused as a decision-making tool that helps risk managers and
heterogeneous amongst the interviewees so there was no dand-use planners to develop and plan measures for vulner-
rect link between the general damage that the affected peoplability reduction. Spatial priorities can be set easily when
suffered and the individual building qualities. With respect to planning the practical implementation of the measures. This
the type of the flood, it has to be recalled that the availability study reveals the site-specific conditions for the first timethat
of private or public structural mitigation measures should belead to vulnerabilities and consequently to flood damage in
rated equally important but for data availability reasons, can-the city of Santiago de Chile. The study is another proof
not be included in this study. During field work, the impor- of the diversity of vulnerabilities in that it shows that socio-
tance of social networks was highlighted as another variableeconomic characteristics are not sufficient for explaining dif-
that determines vulnerability: It minimizes vulnerability as it ferent levels of vulnerability. It also proves that the causes of
forms part of the coping capacities. This could also not bevulnerability to the same hazard are rated differently amongst
included in this study for data availability reasons. the involved parties (affected households vs. decision mak-
With respect to the validation of the results, it has to beeérs), proving that it is of utmost importance to include dif-
confessed that no data were available to test the accuracy derent perspectives in the vulnerability assessment. The em-
the vulnerability maps. As no insurance system exists for thigpirically collected information and the incorporation of ex-
regard, data about damage are not collected. However, accipert knowledge of local decision makers substantiate these
racy data for the delineation of the relevant land-use classeindings. In addition to this, the presented study provides a
built-up areas and green spaces prove that at least the irsignificant practical value as it clearly enhances risk-relevant
put data for the indicators show a high level of precision. knowledge and helps to minimize further damage. As a gen-
In order to enlarge the practicability of this approach and toeral conclusion, the study clearly shows that variables refer-
foster the application through decision makers, a WebGlIS+ing to the physical exposure of the affected population are
based tool was set up to allow for a very transparent and infanked as much more important for the present case than so-
teractive communication of the research results (Ebert angial characteristics, such as age and gender, which again un-
Miiller, 2010). The tool allows decision makers to carry out derlines the suitability of the selected method. The study
a vulnerability analysis using the data available for this studycan be further improved by complementing it with data from
on the internet. Thereby, each vulnerability indicator can bemore extensive field surveys to include individual character-
weighted according to their knowledge and understanding. istics, such as knowledge about the hazard or risk perception
in the analysis.
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