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Abstract: The fact that an increasing number of people and local authorities are affected by natural
hazards, especially floods, highlights the necessity of adequate mitigation and preparedness within
disaster management. Many governments, though, have only insufficient monetary or technological
capacities. One possible approach to tackle these issues is the acquisition of information by sketch
maps complemented by questionnaires, which allows to digitally capture flood risk perception. We
investigate which factors influence information collected by sketch maps and questionnaires in case
studies in an area prone to pluvial flooding in Santiago de Chile. Our aim is to gain more
information about the methods applied. Hereby, we focus on the spatial acquisition scale of sketch
maps and personal characteristics of the participants, for example, whether they live at this very
location of the survey (residents) or are pedestrians passing by. Our results show that the choice of
the acquisition scale of the base map influences the amount and level of detail of information
captured via sketch maps. Thus, detail base maps lead to more precise results when compared to
reference data, especially in the case of residents. The results also reveal that the place of living of
the respondents has an effect on the resulting information because on the neighborhood level the
risk perception of residents is more detailed than the one of pedestrians. The study suggests that
the integration of citizens via sketch maps can provide information about flood risk perception, and
thus can influence the flood mitigation in the area.

Keywords: flood risk; participatory mapping; survey-based mapping; volunteered geographic
information (VGI); Santiago de Chile

1. Introduction

Climate change, urban expansion and the resulting land-use changes and growing number of
settlements in areas at risk lead to increasing numbers of people affected by natural hazards [1-3].
The European Flood Directive 2007/60/EC [4], amongst other international conventions, emphasize
the integration of citizens and more public participation in the hazard analysis, especially the flood
management [5,6]. Such geodata play an important part specifically, for example, on the one hand,
in countries where only sparse funding for flood management is available, or, on the other hand, in
remote areas where it is difficult to gain information for the mitigation and preparedness phase due
to a lack of historic data or technical limitations.

Recently, the integration of data provided by citizens into disaster-related workflows has gained
increasing attention [7-9]. For instance, the European Flood Directive suggests the EU member states
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to make use of local information provided by citizens in situ, for example, about flood extent [10] or
water level [11]. People have knowledge about several flood related topics due to their experience,
which can be a useful additional data input for mitigation processes. A review by Assumpgao,
Popescu, Jonoski and Solomatine [8] gives an overview of current studies addressing this issue within
the context of flood modelling. Citizens can give input for hydrodynamic models, among others, by
providing data about water level values, flood extent or topography. The flood extent, for example,
can be gained via an analysis of videos and pictures from social media [9] or via maps indicating the
flood risk perception of residents [12,13].

In the last-mentioned approach, people can draw their perception of their surroundings on a
spatially referenced map. These sketch maps are a well-established research tool in public
participation geographic information systems (PPGIS) because spatial experiences and knowledge of
groups and individuals are cartographically represented by markings on the base map [14], and
therefore, we also apply this tool for our investigations in this study.

The main challenge for the integration of data provided by citizens is the fact that these geo-
graphic data might not be in line with the standards typically applied when collecting authoritative
data. Thus, it is important to evaluate the tools for data collection in an adequate way, for example,
by analyzing influencing factors on the resulting data. We want to find out to what degree different
spatial acquisition scales influence the collected risk perception data. Case studies with citizens are
performed in order to gain more information about the methodology and to test the application. We
also take into consideration how the flood risk perception varies between local residents who are
interviewed directly in front of their house and general pedestrians who live in the neighborhood or
further away and thus, do not have their house right at the questioning place.

In the following section, we portray related work about flood risk perception and the capturing
of flood risk perception via sketch maps and identify remaining challenges that need to be addressed
to tap the full potential of this participatory approach (Section 2). Thereafter, our research objectives
are investigated in case studies in Santiago de Chile, and thus, focus is on the South American context
and an urban environment. Additionally, the research is restricted to pluvial flooding in two
municipalities of Santiago de Chile. We use two different extents as base maps to identify the
influence of different spatial acquisition scales on the captured flood risk perception. An overview
sketch map shows the whole municipality, while a detailed sketch map focuses on the study area
within the neighborhood (Section 3). The sketch maps are applied in two case studies in Santiago de
Chile, which is prone to regular urban pluvial flooding (Section 4). Flood risk perception is captured
via sketch maps and the participants are asked for personal information, such as their place of living.
The captured data is represented digitally and analyzed according to the differences of the spatial
acquisition scale and the participants’ characteristics with an emphasis on whether the participants
are residents or pedestrians (Section 5). Thereafter, we discuss the results, challenges, and
opportunities (Section 6), and we conclude with an outlook regarding sketch maps within flood risk
management (Section 7).

2. Related Work

Integrative disaster risk reduction can be considered as a promising approach for facing the
increasing number of people and infrastructure which are affected by disasters [15]. Gaillard and
Mercer [15] state that a combination of different types of knowledge, such as scientific and local
knowledge, overcomes particularly inherent limitations. These limitations exist because, on the one
hand, government officials and scientists follow the global scientific standards and base their
decisions on non-contextual and quantitative models that are developed by people outside of the
local communities. On the other hand, local tools like participatory mapping are valuable for the
identification of local knowledge but they often fail to integrate stake-holders from non-local levels
[15].
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2.1. Flood Risk Perception

We will focus on pluvial flooding, which occurs frequently in urban areas because the infiltration
capacity of the ground is very often below the precipitation intensity during rainfalls, which can be
caused by artificial surface sealing, for example, by infrastructure [16]. Santiago de Chile is suitable
for a case study because winter precipitation leads to regular floods and the urban expansion
increases the negative consequences [17]. Retention areas are reduced, and the newly built
environment seals the surfaces and hinders infiltration. Thus, these new residential areas are not only
more hazard-prone due to their lower elevation in comparison to the rest of the city but the
insufficient infiltration even intensifies the impact of the flooding [17]. Moreover, a location near to
foothills can also lead to higher runoff rates and thus to pluvial flooding if the infiltration capacity is
not sufficient. Urban flooding is very specific and sometimes only occurs in a few streets. This makes
it necessary to collect local information, for example, about risk perception in order to install the
required mitigation measures and to raise the risk awareness of residents.

The idea of including the perception of citizens in management or planning processes is not new.
Geographers, environmental psychologists, and urban designers have used cognitive mapping in
order to gain information about the perception of individuals of their environment and how factors
such as gender, age or familiarity, among others, influence the outcome [18]. An experiment of Blades
[19] includes respondents who have to sketch the same route twice with a week in between. Results
show the consistency of these sketch maps and thus prove the reliability of these data [19]. Blades
[19] uses the term sketch maps, although other researcher would term them mental maps as
participants are drawing on blank sheets. In the following, we will use a narrower definition and
refer to sketch maps only when spatially referenced maps are used as base maps [14].

Citizens can be integrated into disaster management approaches on different levels and their
engagement within the whole process varies accordingly. As stated in Haklay [20], citizens can act as
sensors (crowdsourcing), take part in basic data interpretations (distributed intelligence), be involved
in the problem definition (participatory science) or even participate collaboratively in the whole
process with problem definition, data collection as well as analysis and interpretation (extreme citizen
science).

Participatory approaches include local geographic knowledge and can be used to visualize
environmental perception [7,21-24]. Moreover, Silvestro, et al. [24] emphasize public participation
and the involvement of the citizens already in the developing phase of the procedures to be carried
out in a case of emergency. “The citizens are a fundamental element: they should be better aware of
the risks related to the area where they live and be better prepared to face those risks” [24] (p. 2751).

However, many people are excluded from participatory mapping approaches because they have
no access to the Internet or are not familiar with the current technological devices, for example, like
in the study conducted by Cheung, et al. [25]. The use of paper-based participatory mapping
overcomes this exclusion [14,26].

2.2. Capturing of Risk Perception

In recent years, sketch maps have been used digitally in Geographic Information Systems (GIS)
[12,14,26], which allows visualization, analysis and combination with other data layers. Advances in
tools for digitizing and new ways of spatial analysis within a GIS allow for a faster and easier
integration of information captured via sketch maps, and therefore, there is an increased
attractiveness of sketch maps for capturing perception in various research fields [26]. There are not
only possibilities to do paper-based sketch maps [12,26], but it is also possible to have a sketch map
on a digital device, which makes the digitization step obsolete [25]. Curtis, Shiau, Lowery, Sloane,
Hennigan, and Curtis [26] give an overview of recent approaches. However, they use the broader
concept of sketch maps for their review because they include approaches with mental maps (also
referred to as sketch maps in these reviewed studies). Ceccato and Snickars [27], for example, not
only conduct a questionnaire but also ask participants to draw areas that they perceive as their
neighborhood on a paper map. The results are digitized in a GIS. Similarly, Campbell, et al. [28]
investigate the perception of neighborhood boundaries via cognitive mapping and interviews. They
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suggest to use such subjective measures as a complementation to administrative definition. Curtis,
Shiau, Lowery, Sloane, Hennigan and Curtis [26] mention the lack of clear guidelines for these
approaches, which include participatory mapping.

Moreover, interactive and dynamic mapping is made possible for the participants who can
directly draw sketches via web-based tools [25]. Participants are asked to digitally mark areas prone
to flooding on a base map via a tablet; a questionnaire is applied to collect contextual, personal, risk
and informational factors of the participants [25]. However, during data collection they face technical
challenges like overheating of tablet units, dead batteries, or program crashes, as well as data entry
errors, for example, entry of invalid respondent ID. Further, very often, data collection based on
newly developed technical devices is restricted to citizens with the technical know-how and the
possibility to access the Internet [29]. Otherwise, they cannot take part in such projects, which leads
to the exclusion of specific subgroups of society, such as elderly residents or people with little income.
Hence, it is necessary to decide for each specific case and local context whether an interactive
mapping approach [25] with its inherent limitations is appropriate or whether a paper-based
mapping [12,26] is more adequate for collecting the required data.

In our study, we aim at analyzing influencing factors on the flood risk perception based on the
spatial acquisition scale of the base map and the characteristics of the respondents. Therefore, we
conduct case studies and apply paper-based mapping and questionnaires. The results can lead to a
better understanding of the tool itself and support the development of general guidelines.

3. Methods

In our study we apply the sketch map approach to capture and visualize the flood risk
perception of citizens, to make these data available for further analyses in a GIS, and to investigate
influences on the information gathered via sketch maps. Respondents get the base map and are asked
to mark streets and areas that they perceive as areas at flood risk. Though, there are several aspects
to consider when selecting and designing this base map of the sketch maps [12,26]. Among others,
the type of disaster strongly influences the choice of the sketch map due to the extent, for example,
whether there is a large or only a small affected area [30]. Additionally, object types such as houses,
streets, landmarks, or places of interest need to be chosen carefully, when selecting the map content.
Too detailed information might overwhelm or confuse the participants while sparse or misleading
objects might hinder a disclosure of local knowledge on a detailed level. We use two different extents
as base maps and in this way we are able to identify the influence of the spatial acquisition scale on
the flood risk perception. Additionally, participants’ characteristics, such as whether they are local
residents or pedestrians are collected via a questionnaire and then combined with the participatory
mapping results. Local residents are participants that are questioned at their place of living and the
researchers go there and ask directly for an interview. In contrast, the pedestrians are people passing
by in the street, who do not have their property at the location, where the researchers meet them.
Different methods are applied for data evaluation to compare the risk perception from the sketch
maps with various reference data, such as critical points of flooding issued by the local government.
Figure 1 shows the different steps of the research with the main tasks and results.
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Phase Task Result
Preparation - Selection of study area - Overview and detail base maps
- Design of base maps - Survey
¢ - Selection of questions
Case Study - Participantsindicate their risk perception - Sketch maps of flood risk perception
¢ - Participants answer questions - Information about participantsand context
Preprocessing - Automated georeferencing of sketch maps - Risk perception maps with attributes
- Digitizing of marked areas as polygons
- Addition of participants‘responses to
corresponding sketch maps
Analysis - Evaluation of questionnairedata - Classified risk perception
Evaluation of risk perception maps
¢ - Comparison to reference data
Conclusion - Synthesis of results - Information aboutinfluences on captured risk
perception

Figure 1. Workflow showing the different tasks and results of each of the steps of the research. After
the design of the case study and the conduction of the field work, the preprocessing of the collected
data takes place. These data are analyzed in detail and conclusions are drawn.

3.1. Sketch Maps

In our approach we combine the technical advances of GIS with sketch maps based on
OpenStreetMap (OSM) Field Papers [31]. OSM Field Papers are intended for mapping infrastructure
or collecting attributes like street names in the field which can be added to the OSM platform
afterwards. It is possible to do an automatic georeferencing and the acquisition scale of the base map
can be easily changed. Participants can directly mark the areas which they perceive as areas at flood
risk in these base maps, resulting in a sketch map (Figure 2).

The study area can be selected on the website of OSM Field Papers and printed for the use in the
field. In our study, the DIN A4 (21.0 cm x 29.7 cm) format is chosen due to practical reasons. This
print out page is used as base map for the participatory mapping of flood risk perception of the
participants. The citizens are asked to indicate with a marker the streets and areas they perceive as
being affected by urban floods (Figure 2). They are allowed to draw in a way they prefer to avoid
missing some of the information by restricting them to a specific design. In the aftermath, images of
the sketch maps are uploaded to the Field Paper website, where they are automatically georeferenced,
and made available as a GeoTIFF file for the download and use in a GIS. Within the GIS, the
researchers digitize the flood risk perception as polygons to account for the various forms of marking
by the participants. The data are saved in a separate GIS polygon file, which can be used for further
calculations and analyses, such as for the comparison with reference data; for example, the
identification whether a critical point issued by the government lies within a certain distance of the
polygons of the sketch maps. Analyses also include, for instance, a comparison of flood risk
perception of residents and pedestrians, which is possible due to the combination with the geolocated
answers of the questionnaires (Section 3.3). Additionally, though for visual analyses only, these
polygons can be represented with blurred boundaries to account for the hand drawn marking of the
participants (Section 5, Figures 5-7).
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Figure 2. Sketch maps with a single participant’s risk perception marked in red. (a) Overview base
layer of La Florida, Santiago de Chile; (b) detailed view of the study area. QR-Code and black dots

allow fast automatic georeferencing of the sketch map. Based on OSM Field Papers [31].
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3.2. Questionnaires

The questionnaire is designed to inquire information about the participants themselves as well
as their experience with and knowledge of former flood events as well as their perception of flood
intensity. In our analysis we use information about gender, age, duration of residence at or awareness
of that specific place as well as whether the participants live at this very location or are pedestrians
passing by. The perception of flood intensity is evaluated for both the whole area and the exact
location of the survey and ranges from 1 to 5 with 1 for “not affected” and 5 for “affected very
strongly”. We use a Likert-type scale to account for different severities of flooding. The questionnaire
is based on KoBo Toolbox [32], which is chosen because questions can be designed on the webpage
and afterwards the final forms of the questionnaire can be downloaded to the mobile application on
a smartphone or tablet. Moreover, the collected data can be stored locally and can be uploaded later,
which is very convenient for a field study. Another advantage is that each survey is geolocated and
therefore the use for spatial analyses is facilitated. The results of the questionnaire are uploaded to
the KoBo Toolbox webpage and the downloaded georeferenced data are used in a GIS. In case the
mobile version cannot be used, there is the possibility to print the forms and use them directly for a
paper-based questionnaire. Additionally, the design and language of the survey allows for a fast
modification of the method for a use within various contexts, such as in another country, area of
research or target group, among others.

3.3. Combination of Sketch Maps and Questionnaires

A combination of the sketch maps and the questionnaires enables subject risk perception
mapping within a broader context. All sketch maps are marked with an individual ID number, which
is also used for the corresponding questionnaire form. In this way, the answers of the participants
can be added as attributes to the specific flood risk perception layer. The flood risk perception can be
portrayed and analyzed according to these characteristics, for example, whether the participant is a
pedestrian or resident and maps can show differences in flood risk perception of these groups.
Moreover, as the survey information is geo-located, the locations of the participants can also be
portrayed separately in a map or used for further analyses, such as a comparison to reference data.
This combination of two different methods with spatial reference allows to visualize subjective risk
perception on scaled and georeferenced maps and to interpret this information within the local
context. At the same time, combining two methods for assessing the same aspect of the environment
can serve as a quality measure and thus ensures that the resulting data is of high quality [33].

3.4. Case Study Design

There are different studies based on sketch maps for capturing risk perception and various
methods are applied, such as surveys with a high number of participants [12] or with small groups,
for example, during workshops [21]. In our qualitative study, an instrumental case study [34] is
conducted in order to get more insight into the specific tool of data capturing (sketch maps) within
its natural setting and possible influencing factors, which is done via asking people on the street
(pedestrians) or directly at their place of living (residents). The sample is not representative for the
area, though the results can still deliver valuable information [21], in our case, about the applied
methods themselves as well as the subjective flood risk perception of the individual residents and
pedestrians. We aim at information power rather than representativeness [35]. The sampling of our
case study can be termed as “purposive sampling” [36] (p. 193) because we use a kind of deliberate
sampling. While quantitative research is based on the sample size, the evaluation of the methods at
hand with a participatory mapping approach has more facets of qualitative research, which focuses
on the information from experiences [37]. Additionally, the small sample size can give good insights
into the opportunities of the presented methods, however, a bias might exist, which has to be
considered when evaluating the results [21].
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3.5. Reference Data

For the evaluation of the flood risk perception and the local knowledge of the citizens, it is
necessary to have a similar reference dataset. Therefore, for the first case study, on the one hand, a
visual inspection of the main affected areas is conducted and photos are taken to identify possible
reasons for flooding due to the local infrastructure. On the other hand, a comparison can be made to
local flood perception based on the assumption that people are more aware of the risk, which is
directly affecting their property than the community in general because flood perception is closely
linked to personal experience of hazards [38]. Therefore, a point-based validation is made via directly
investigating the intensity of risk which the residents perceive at that location. These points of
intensity are compared to the flood risk perception gathered from the sketch maps in order to
evaluate in how far the marking corresponds with this local risk perception [13].

In the second case study, a dataset of the municipality is available, which includes points that
are considered as critical in a case of flooding. According to the members of the municipality, these
points are chosen based on their personal experience and on information from citizens via informal
discussions over the previous years and without a formal methodology [39]. Hence, this official data
can also be regarded as subjective in nature. We use this information as a means of comparison to the
flood risk perception of the citizens captured via the sketch maps.

4. Case Studies in Santiago de Chile

The previously discussed tools for capturing local knowledge within its context are tested and
evaluated during two case studies in Santiago de Chile in two different municipalities of the city
(Figure 3). It is a qualitative evaluation and focus is set on insights about the influence of different
spatial acquisition scales and the place of living on the flood risk perception.

33°18'S

33°27's

Santiago de Chile

Municipalities

Street network
D Study areas

0 5 10 km

Map data € openstreetmap.org contributors;
CC-BY-SA

LA
70°30'W

!
70°48'W

Figure 3. Santiago de Chile with its municipalities of Quilicura (first case study in 2015), and La
Florida (second case study in 2016 with a study area in the north and the south, respectively).

A first case study is conducted in the municipality of Quilicura, Santiago de Chile (Figure 3, see
also [13]). The area is regularly flooded during raining events. Based on the findings of this pilot
study, a second study is undertaken in another municipality of Santiago de Chile, namely La Florida,
which is also prone to urban flooding (Figure 3). In Quilicura, some participants have difficulties to
recognize streets or landmarks in the base map and therefore, in La Florida, the Metro Station
“Macul” is used to orientate the map and the interviewers help to find the current location of the
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respondents. Moreover, participants are asked to mark areas which they perceive at risk of flooding
in an overview base map and then in a detailed map of the neighborhood (Figure 2) to identify the
influence of different spatial data acquisition scales on the flood risk perception.

5. Results

The following section presents the results of both case studies regarding a comparison to
reference datasets as well as selected features of the questionnaires, such as the duration of living in
the area, the place of residence and the perception of affectedness of the community and direct
location. Moreover, the results of the second case study also show a difference in the level of detail
of the flood risk perception due to the change of the acquisition scale of the base maps. This effect is
considered during the detailed analysis of the flood risk perception with respect to attributes based
on the questionnaire results and a comparison to reference data.

5.1. Case Study in Quilicura, Santiago de Chile

In total, 14 surveys are conducted during the first study with an equal distribution of male and
female while 79% of the participants are residents and 21% pedestrians. The average age is 49 years,
ranging from 19 to 77 years. The duration of residence (on average 14.6 years) can play an important
role because a long residence might include more flood experience and knowledge about floods in
this area. In general, the whole community is considered as being strongly affected by urban floods
while nine rate it as strongly (level 4 and 5), and five as existing but not that strong (level 2 and 3). In
contrast, the direct location is either perceived as strongly affected (level 4 and 5) by four participants
or not affected (level 1), which is indicated by ten participants. The resulting risk perception map
based on the sketch maps of all contributors shows high perceived urban flood risk in the street “Lo
Ovalle” with two crossings (Figure 5, see [13]).

5.1.1. Comparison to Visual Inspections

The indicated areas at risk by the 14 participants are visually inspected and photos are taken. It
is depicted that the street “Lo Ovalle” is built like a canal because the side streets are on a higher
level; moreover, there are only a few gullies to cope with the water masses during rainfalls and many
of them are not maintained (Figure 4). Residents already installed mitigation measures. Hence, this
setting can explain the high risk perception of this street. In addition, it can also be assumed that the
risk perception of people is higher on the main roads which they regularly use. In comparison,
smaller streets might be underrepresented. This bias has to be kept in mind when analyzing risk
perception maps of people (see [13]).

Figure 4. Quilicura: The street “Lo Ovalle” turns into a riverbed during rainfalls due to its lower level
compared to the side streets. Blocked gullies increase the runoff (photos taken by author, Quilicura,
6 May 2015).
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5.1.2. Comparison to Local Flood Risk Perception

For the second comparison we assume that the participants who are directly affected at their
place of living tend to have more accurate flood risk perception in comparison to being asked about
their risk perception for the whole study area. Results show a high correspondence between the two
datasets (Figure 5). The sample consists of 36 people with 19 perceiving risk ranging from a low (2)
to a high level (5), and 17 not perceiving any risk (1). When comparing the results to the flood risk
perception captured via the sketch maps, at 12 locations (63%) risk is perceived in both datasets,
however, seven locations with risk perception are not indicated in the sketch maps. Coming to the
results where no flood risk is perceived, 14 locations (83%) can be found in areas, which are also not
indicated in the sketch maps. Based on this comparison, the sketch maps can be evaluated as an
adequate tool to get an idea of strongly affected areas, though no detailed conclusions can be drawn
as the residents might not be aware of all the areas in the neighborhood (see [13]). Additionally, the
resulting flood risk perception maps can be used as an indication of main streets that are frequently
used, which plays an important role for disaster management.

° Risk perception assessed by ...

Questionnaires

- Ooocee

no low -----o---- high

2 \ OSM field papers
2 s -
o Locations of surveys with
OSM field papers
- Municipalities

o
lo) === Street network

o

125 250m
| IR |

Map data © openstreetmap.org contributors

Figure 5. Quilicura: Risk perception based on the overview base maps. The blue areas summarize the
results of the risk perception maps of the 14 participants while the points indicate the reference data
based on the local risk perception from 36 participants; i.e., the intensity of their flood risk perception
at that direct location. The darker the blue, the higher the intensity. The orange points indicate the
location of the 14 participants during the survey with the OSM field papers.

5.2. Case Study in La Florida, Santiago de Chile

The second study comprises 30 participants including both local residents (60%) and pedestrians
(40%). Similarly to the case study in Quilicura, participants are more aware of flooding at points of
interest which are frequently visited, for example, the Metro Station Macul (in the northern part of
the map) or of flooding in main streets (Figure 6). The following analyses take the differences in risk
perception according to the overview maps and the detail maps into consideration.

Figure 6 shows that only sparse detailed information is provided when the overview base map
is used. In contrast, the results of the maps with focus on the neighborhood show the detailed flood
risk perception of the participants within the direct neighborhood (Figure 7).
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Figure 7. Risk perception based on the detail maps in the north of La Florida (blue). Pedestrians (a)

tend to overestimate the area at risk in comparison to residents (b). All perceive the same areas at risk

as the local government (triangles). The orange points indicate the position of the people during the

survey.

5.2.1. Comparison to Critical Points Assessed by the Local Government

The local government has a set of official critical points of flooding in the community of La
Florida, which is used as reference data. Results for the detail maps show that pedestrians have a
broader flood risk perception and they also identify areas at risk, which are not stated as risk areas

by the local government. Residents identify more specific areas and these areas are similar
dataset of the local government (Figure 7).
There are several critical points which are not identified by the participants. This can be

to the

due to

the locations of the survey, which are in the north and south area (see locations of participants in
Figure 6). Therefore, the participants might not be familiar with the middle and northeast of La
Florida. This example shows that the risk perception of the citizens is mainly based on important
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parts of the infrastructure and common areas in their neighborhood or their nearby neighborhood.
They are not aware of the risk in unfrequented parts of their community. It is also visible that the
overview map gathers risk perception of the people mainly based on the main streets. Small streets
are only identified by the sketch maps based on the detailed scale of the neighborhood. Additionally,
there are some areas, which have no problems with flooding (anymore) according to the local
population, such as in the northeast. This can be due to mitigation measures and maybe the official
critical points have not been updated yet.

There are differences in representation of the risk areas because there are points by the
government and polygons by the participants. Therefore, our calculations for the results of the detail
maps also include an option, where the government’s points do not need to be directly within the
flood risk perception polygons but they are counted if they are within a certain distance. For the case
study, distances of 50 m are allowed, which are around 1.4 cm on the base map. This reflects that the
use of such additional calculations are appropriate because the people sometimes only approximately
mark the areas. The results of the detail maps reveal that in the north all, and in the south 75% of the
critical points of the government are at least within a distance of 50 m of the flood risk areas indicated
by the participants.

5.2.2. Characteristics of Participants

The results are analyzed according to whether the participants are residents or pedestrians. The
sketch maps based on the overview base map demonstrate that residents seem to have more
information in addition to areas close to the main street and the metro station. The pedestrians seem
to have the commonly known areas as risk areas in mind (Figure 6). In contrast, the detailed sketch
maps reflect an overestimation of the pedestrians while the residents only mark a few streets that all
correspond to critical points issued by the government (Figure 7).

The experience and knowledge of people is a valuable source of information about former flood
events [3,38,40]. Therefore, the risk perception is evaluated according to the time they have lived in
the area so far. The results show that people who have been living there 20 or less years mainly mark
the main streets. This indicates that the longer they have lived there, the more smaller streets they
identify. However, the differences are not very strong and thus, we do not go further into detail.
Moreover, it is also possible to identify the awareness of the people according to the severity of the
flooding. Therefore, participants are asked about the strongest flooding that they experienced at that
exact location. The results show two main events: about half of the people mention the year 1993 and
around a quarter name 2014.

On average, it can be concluded according to the participants’ risk perception that the
municipality (3.73) and the direct location (3.57) are affected in a similar way with respect to the
intensity rating from not affected (1) to extremely affected (5) (Tables 1 and 2). However, in case of
the intensity level, the differences between the pedestrians and residents are very small (difference
of the average values: 0.25 for the municipality and 0.02 for the direct location) and thus, the place of
living has no effect on the analyzed intensity of flood risk perception.

Table 1. Affectedness of municipality (average of all answers 3.73).

Affectedness Residents (18) (Average: 3.83) Pedestrians (12) (Average: 3.58)
1 (not affected) 0 0
2 4 2
3 2 5
4 5 1
5 (extremely affected) 7 4
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Table 2. Affectedness of direct location (Average of all answers 3.57).

Affectedness Residents (18) (Average: 3.56) Pedestrians (12) (Average: 3.58)
1 (not affected) 2 2
2 3 2
3 1 0
4 7 3
5 (extremely affected) 5 5

6. Discussion

One of the first questions of experts or members of the government when discussing about data
provided by citizens concerns the quality issue [41-43]. To address these concerns, the nature of local
knowledge needs to be considered. It is information based on a personal view and therefore, we deal
with a subjective truth. That is why the context is so important, which may give hints about the motifs
for giving a specific information, for example, a participant’s own property has been heavily affected,
while another neighbor in the next street might have only been affected mildly, although the flood
level might have been similar. Missing mitigation measures can be considered as one of the reasons
for this difference [13]. The presented approach uses maps on different acquisition scales on which
personal flood risk perception is marked as well as a questionnaire to gain information about the
context of the participants to interpret the results more appropriately. The findings of this approach
are discussed in the following with respect to opportunities and challenges; key aspects are
summarized in Table 3.

Table 3. Risk perception via sketch maps and questionnaires: key opportunities and challenges.

Opportunities Challenges
e  Easy-to-use tool e  Subjective data
e Data on a detailed level e  Context-specific results
e  Identification of areas at risk e  Different styles of marking
e  Monitoring of specific areas e  Combination of different data formats
e Information about perceived flood e  Restrictions due to selection of study areas
intensity represented by base maps

e  Participants: Increase of risk awareness
and acceptance of mitigation measures by
government

e Increase of information flow between
different stakeholders - resilience-
building process

6.1. Opportunities

The evaluation of the sketch maps of Quilicura shows that the resulting areas perceived at flood
risk correspond to the given environment or rather the nature of the streets, which seems to favor
especially the main streets like “Lo Ovalle” to function as a canal during raining events. Additionally,
the comparison to local flood risk perception, which is based on the assumption that people who are
directly affected can give more accurate information about risk perception, results in a high
correspondence of the identified areas at risk. However, it must be kept in mind that the results might
be biased because the maps present the whole study area to the participant, who might not be very
familiar with all areas, leading to the indication of roads mainly used, especially the main roads. In
our case study, exactly those streets are the ones, which have the most agreement on perceived flood
risk. This corresponds to the fact that many participants stated that they are only aware of the
flooding risk in their direct neighborhood. As this was not so easy to mark due to the scale of the
overview map of Quilicura, the second field study includes base maps with different spatial
acquisition scales, one with an overview of the whole study area in La Florida, and one with only the
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direct neighborhood. The objective of this approach of varying scales is to identify differences in the
focus of the participants due to the base maps and the influence on the flood risk perception. The
scale of the base map is chosen in order to have it be larger than the area of investigation to get an
idea of the location and its surroundings; yet not too large in order to be able to read the street names
due to practical reasons.

The detailed evaluation of the results of the second case study in La Florida is based on various
aspects. A comparison of the two different risk perception maps (overview and detailed view) and
points identified at flood risk by the local government (critical points) shows that with respect to the
neighborhood areas, there is no remarkable difference of the areas perceived at risk by the
participants and the critical points of the government. Therefore, it can be assumed that if the areas
at flood risk shall be identified, the approach of the sketch maps can be used. However, on the detail
maps, it is also revealed that pedestrians overestimate the area at flood risk while residents mention
only the streets that are also identified as critical by the government. Hence, in cases, where all areas
at risk need to be identified, pedestrians and residents can be inquired. As soon as specific streets on
a close level are in focus, residents should be asked.

Some of the areas that are identified as being at flood risk by the participants are not critical
points in the view of the local government. This might be due to the fact that the participants
overestimated the area or that the local government missed these points because their data is also
only based on former experiences and on interviews with residents. An additional value of the
information captured via the sketch maps in comparison to the official data refers to the detailed view
since there are only points by the government while the participants can also indicate areas, for
example, a whole street. Moreover, there are several official critical points that do not correspond to
the risk perception of the citizens. This surplus of identified official critical points might be caused
by additional mitigation measures, which have been installed in the meantime; as a consequence
these areas might not be seen as at flood risk anymore by the citizens.

The current flood information of the municipality comprises of indications of regularly flooded
points. Though, important information is missing, for example, about the frequency or the intensity
as the points are only defined by “regularly flooded”. The results of the field study depict that the
method of sketch maps and questionnaires can improve such official data considerably by providing
additional information like the flood intensity or the last major event. Moreover, Uson, et al. [39]
show that in Santiago de Chile the acceptance of citizen-based information is rather low within the
centralized government, which is also the case in many top-down focused governments [15]. Thus,
the comparison to information provided by the local government can reveal valuable forms of
improvements via a combination with citizen-based information. This might lead to more acceptance
by governmental institutions.

The participants’ place of living plays an important role for the flood risk perception which they
mark on the maps. The residents indicate more areas at risk on the overview level than the
pedestrians who depict only a few areas, mainly with a focus on commonly known areas. Hence it
can be concluded that the pedestrians are not aware of incidents in smaller streets as they might only
use the main streets and points of interests, such as the metro station, while the residents also frequent
the less known parts of the neighborhood. In contrast, on the detailed scale for Florida (see Figure 7),
the pedestrians seem to have a larger area in mind than the local residents. This could be due to the
fact that the homeowners might be focused on their specific street and only the directly neighboring
streets. So, it is not possible to say that on a detailed scale one will get more information if residents
are asked. Pedestrians from neighboring areas can also give profound information. However, a
comparison to the critical points of the government demonstrate that the pedestrians overestimate
the risk area and therefore, the detailed information of the residents gives more accurate information.

Another part of analysis considers the duration of living in the area. The results show no
significant differences between the risk perceived by people who have only been living there for a
short time or by people who have been residing in the area for a long time. This can be related to the
frequency of the hazard: the flooding in Santiago de Chile takes place nearly every year. Hence, the
duration of living does not play an important role in this case as even a short time of living there
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leads to sufficient flood experience. In contrast, the duration of living is a crucial factor in cases where
the frequency is very low, such as in earthquake-prone areas, where the event happens only a few
times in a century. In these cases, young people or people only living for a short time in these areas,
might not be aware of the hazard and not familiar with influencing factors and possible mitigation
options [3]. Therefore, the value of background information of the participants is strongly linked to
the hazard type.

The participants” experience of a major flood event has strong influences on their general flood
perception because often they relate their current perception back to this event. Moreover, in regions,
where no historic flood data are available, the identified years can be used to investigate
circumstances and possible reasons for the flooding. The majority of participants experienced the
floods of the year 1993 and 2014 as severe events. In addition, the experience of such a devastating
event can lead to more risk awareness in general and to the acceptance of mitigation measures
installed by the local government and readiness to take own preventive measures [9]. Moreover, the
environmental conditions in these selected years can be analyzed in more detail to get information
about influencing factors. This can help to increase the preparedness for future events.

The affectedness of the direct location and the study area in general can give a detailed view
about the intensity of risk, which can be used as a good hint for prioritizing mitigation measures.
Therefore, this adds important information to the officially used points of flood risk. On average, the
residents and pedestrians have a similar perception of the affectedness. However, the residents name
“extremely affected” more often. These results might be provoked by more experience and
knowledge of the residents. A comparison to the affectedness of the municipality and the direct
location of both study areas shows that in Quilicura most participants see the municipality as strongly
affected while there are differences within the risk perception for the direct location because it is
either strongly affected (majority) or not affected. In La Florida, the municipality is also identified as
affected strongly, however, the direct location is rated with different intensity levels, not only the two
extremes. This might indicate that in Quilicura, the flooding is even more location specific than in La
Florida, where the flood probably spreads over more streets and with minor effects. Though, also
with this affectedness evaluation, it is important to consider that it is a very subjective measure as it
is influenced by previous experiences and knowledge of flooding events. The stronger the major
event they experienced, the lower they might rate the intensity of a “regular” flood.

The characteristics of the base map, such as the acquisition scale, are an important factor within
participatory approaches [21]. The change from one overview base map in the first case study to two
base maps representing both the overview and the detailed view of the study area in the second study
leads to more detailed results. The advantage of the two base maps can be seen in an increased value
for fitness for use. The overview map can give a general idea of the area and which parts should be
focused on in more detail. These maps can be marked by citizens from this area, but they do not
necessarily need to live close by. The detail map is more appropriate for the use of case scenarios,
when direct mitigation methods in a specific street, for example, should be evaluated on a regular
basis by the residents or if there is the intention to plan mitigation measures. Then, a monitoring via
sketch maps can identify the most affected streets in order to develop a list of priorities, especially in
municipalities where not enough funding is available to do all the required mitigation measures.

The sketch maps approach offers a way to increase the information flow between different
stakeholders because the local knowledge can be made available for the local governments and the
citizens feel more valuable as they are included as a partner in the cooperation. These factors can
support the resilience-building process [44].

6.2. Challenges

Our case studies show that sketch maps are an easy-to-use tool to disclose flood risk perception
of the population. However, it should be mentioned that by selecting the area and the layout of the
base map, a frame is imposed to the people who are taking part. Thus, some relevant information
about areas outside of the study area provided by the map might get lost. Though, more base maps
covering the whole region can overcome this problem. Furthermore, our second study addressed
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residents in areas where already critical points were issued by the local government. This might lead
to a bias in the data. Questionnaires and risk maps of areas where no critical points are issued can be
included to overcome this. Additionally, the sample size in our case studies leads to indicative and
not definitive results and therefore, a larger number of participants would be necessary if conclusions
for the whole society or generalizations want to be made [21].

Additionally, limitations of the usage of questionnaires have to be considered. They can be a
complement to other assessments or can be used as a substitute if there is no other assessment at all.
However, for the first case, data from different data sources need to be combined and this leads to
challenges because there might be difficulties due to the data format, among others. In the second
case, it is necessary to keep in mind that if the questionnaire data are used as the only data source,
they cannot be compared to other regions, for example, where data from technical measurements are
applied. They might only be used for visual comparisons as they are based on different concepts of
data acquisition.

Another challenge appears in the subjective nature of the participatory mapping and the
influence on accuracy. There are different risk perceptions of local people and of members of the
government, respectively. Therefore, it is necessary to see the different results in their context to avoid
wrong deductions by solely aggregating all information in a single map. Thus, an option would be
to provide use case specific maps. If information about specific houses is required, the knowledge of
local citizens might give the most detailed information, while the maps of the government could give
insight into an overall image.

Moreover, the flexible approach of the sketch maps offers the chance to the participants to freely
mark their risk perception; however, more restrictions, for example, to only allow marking lines,
would lead to more homogeneous results and possibilities to compare the maps of different
participants.

7. Conclusions

Our results reveal the effect of different spatial acquisition scales of base maps and the
importance of the context of the participants. Based on these findings, use case specific decisions can
be made about the choice of method (overview or detailed view base maps) and participants
(residents or pedestrians). If general information about a flooding area is required, for example, the
risk perception of residents and pedestrians can be a valuable source. However, as pedestrians tend
to overestimate the risk area, residents should be inquired if detailed information is of importance.

Data captured via the presented approach can be used as a complement to already existing
hazard models. In cases where no models or any hazard data are available, for example, due to the
lack of money for technical devices, the flood risk perception captured via sketch maps is a unique
way to get an idea of areas at potential risk in order to inform people, to capture further data in a
targeted manner or to establish mitigation measures. However, more research is still required to
identify the influence of other factors on the resulting sketch maps, for example, with a focus on
official information provided by the authorities via leaflets, events, or online risk maps. People might
have flood risk perception based on such information or were informed by other people. They might
not have experienced a flood themselves. Moreover, our approach allows free drawing and it is worth
it to investigate the difference in the resulting sketch maps when participants need to stick to a given
way of marking, such as lines. Results can give additional hints for the study design of approaches
based on sketch maps.
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