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Abstract A rise in the number of flood-affected people

and areas has increased the interest in new methods and

concepts that account for this change. Citizens are inte-

grated into disaster risk reduction processes through par-

ticipatory approaches and can provide valuable up-to-date

local knowledge. During a field study in Eberbach (Baden–

Wuerttemberg, Germany) sketch maps and questionnaires

were used to capture local knowledge about flooding.

Based on a previous study on urban flooding in Santiago de

Chile, the tools were adapted and applied to river flooding

in the city of Eberbach, which is regularly flooded by the

Neckar River, a major river in southwest Germany. The

empirical database of the study comprises 40 participants

in the study area and 40 in a control area. Half of the

participants in each group are residents and half are

pedestrians. Purposive sampling was used, and the ques-

tionnaires aimed to gather demographic information and

explore what factors, such as property, influence the risk

perception of the study participants. The results show that

residents identify a larger spatial area as at risk than

pedestrians, and owning property leads to higher risk

awareness. The flood type influenced the choice of the base

maps for the sketch maps. For river flooding, one map with

an overview of the area was sufficient, while for urban

flooding a second map with more details of the area also

enables the marking of small streets. The information

gathered can complement authoritative data such as from

flood models. This participatory approach also increases

the communication and trust between local governments,

researchers, and citizens.

Keywords Disaster risk reduction � Flooding � Local
knowledge � Participatory approach � Sketch
maps � Volunteered geographic information

1 Introduction

An increase in the number of people affected by floods has

raised attention to disaster risk reduction (DRR) research

and strategies on an international level, for example the

Hyogo Framework for Action 2005–2015 and the Sendai

Framework for Disaster Risk Reduction 2015–2030

(UNDRR 2019a). New methods and concepts that account

for this increase in flood issues have gained more attention,

for example, up-to-date and local geo-located information

provided by citizens. In this way the affected population

can also increase their risk awareness, take responsibility

for their own preparedness, and take part in the governance

structures (Usón et al. 2016).

There are different forms of knowledge. The nomads

Moken of the Andaman Sea, for example, relied on their

indigenous knowledge about the legend of the Laboon and

survived the 2004 tsunami. The story about ‘‘The wave that

eats people’’ states that the sea goes back and the singing of

the cicadas stops before a tsunami arrives. This was hap-

pening before the tsunami in 2004 and it was recognized by

one of the Moken members, who warned everyone. The

whole community was able to get to higher ground before

the first wave struck (Singh 2011).
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Many citizens of an area at risk, particularly the ones

who have already lived there for a long time, have a lot of

knowledge about historic events in their neighborhood, and

this knowledge gives an indication of their general

awareness of risk and how they are prepared for an

emergency (Wagner 2007). However, this knowledge is

often hidden and, therefore, not applied in current disaster

management strategies. Hence, two research questions

need to be answered in order to allow for an application of

this knowledge in disaster management. First, how can

local knowledge be formalized and preserved for future

generations? Second, how is it possible to put this local

knowledge into a digitized and georeferenced form in order

to combine it with other types of digital data and technical

devices employed by, for example, disaster management?

Such approaches allow for improved preparedness before a

natural hazard occurs and can limit devastating conse-

quences. A catastrophe might even be mitigated with

combined methods and knowledge.

Knowledge is a broad term and can be understood in

different ways. Therefore, we need to specify the scope of

the type of knowledge we refer to as local knowledge in

our study. Polanyi (1966) discussed implicit and explicit

knowledge in his book The Tacit Dimension. Implicit or

tacit knowledge refers to the ‘‘know how,’’ for example, a

person’s ability or action-inherent knowledge, which does

not have verbal forms to be articulated: ‘‘we can know

more than we can tell’’ (Polanyi 1966, p. 4). In contrast,

explicit knowledge refers to ‘‘knowing that,’’ such as about

a special issue. This knowledge can be articulated and

related to local knowledge, because the focus is on content,

which can be verbally expressed. However, this verbal

expression often does not occur; thus, although we have

explicit knowledge, it is not seen as explicitly available.

Therefore, a first step in the integration of citizens into

disaster management structures is the focus on disclosure

methods to allow for expressing this knowledge in a way in

which it can be provided and understood by a broad

audience. We use the term local knowledge to emphasize

the focus on knowledge that refers to citizens’ daily lives in

their neighborhood. Apart from the methods of expressing

this knowledge of the ‘‘sender,’’ that is, the local popula-

tion, we also need to consider the information within the

setting because local knowledge strongly depends on

context. The local government or a disaster management

center, the ‘‘recipient,’’ that is, a disaster management

professional or a member of the local government can then

interpret the information and act accordingly.

Yumagulova and Vertinsky (2019) divided knowledge

into four different types based on various references: Sci-

entific (or expert) knowledge, local knowledge, bureau-

cratic (administrative) knowledge, and indigenous

knowledge. According to the authors, local knowledge

relates to a specific context and the experiences of this

place, and indigenous knowledge describes experiences

and traditions passed on to the next generations. In our

study we will refer to local knowledge in the sense of a

combination of the concepts of local and indigenous

knowledge presented by Yumagulova and Vertinsky

(2019).

When talking about ways to include local knowledge,

volunteered geographic information (VGI) comes into

play. The term was coined by Goodchild (2007) to refer to

user-generated content (UGC) in the field of geography.

Due to the development of technical devices, such as

smartphones, lay people are now able to contribute geo-

graphic data as well, if they have the necessary digital

equipment and knowledge. Elwood et al. (2012) pointed

out the increase of a digital divide because elderly people

or people with low income may not have the means or

knowledge to be able to contribute data. This fact has to be

kept in mind when developing participatory methods.

There has been a significant increase in projects that

involve VGI within disaster management in the last years.

But as Horita et al. (2013) and Klonner et al. (2016b)

pointed out, most of these projects refer to the response to

disasters. Recent research reveals that it is also possible to

include data provided by citizens into the mitigation and

preparedness phase, such as for hydrodynamic models

(Dorn et al. 2014; Assumpção et al. 2018). Local infor-

mation from citizens can be shared and up-to-date maps

can be produced before a disaster (Soden et al. 2014). Such

actively volunteered and explicitly geographic information

(Craglia et al. 2012) can be collected and shared on dif-

ferent digital devices. Ferster and Coops (2014), for

example, used a smartphone app, which not only allowed

local citizens to collect information about forest fuel in

their neighborhood but also increased the awareness of

potential risks in this area. The issue of awareness raising is

very important because in many areas with high risk citi-

zens have low risk perception and are therefore not taking

adequate protective measures (Aerts et al. 2018). Aerts

et al. pointed out ‘‘[…] that some of the factors […] (for

example, flood experience and communication by media)

lead to a high perception of flood risks, and that people

with high risk perceptions implement DRR activities at a

relatively higher rate than those with lower risk percep-

tions’’ (Aerts et al. 2018, p. 195, with reference to Botzen

et al. 2009 and Bubeck et al. 2012). Shi et al. (2016)

referred to knowledge as a cognitive perspective of risk

perception within the context of climate change. They

emphasized that knowledge and beliefs influence attitudes

and the risk perception of a topic, which in turn influences

specific behaviors and intentions (Shi et al. 2016). Thus,

knowledge about characteristics, causes, and consequences

is related to the concern about climate change and behavior
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changes. They also found that individual values influence

the concern about climate change (Shi et al. 2016).

Therefore, by formalizing citizens’ local knowledge about

flooding, we might be able to draw conclusions about their

risk perceptions and their intentions. This aligns with

Haworth et al. (2018), who indicated that local knowledge

is one of the factors that influences community disaster

resilience, and they regard resilience as a crucial part of

DRR. The United Nations Office for Disaster Risk

Reduction (UNDRR) (2019b) defines resilience as:

The ability of a system, community or society

exposed to hazards to resist, absorb, accommodate,

adapt to, transform and recover from the effects of a

hazard in a timely and efficient manner, including

through the preservation and restoration of its

essential basic structures and functions through risk

management.

The resilience-building process is supported by the infor-

mation flow between different stakeholders (Marana et al.

2018); and the local knowledge of the citizens, for

example, is made available to the local governments by

participatory methods.

An important means of knowledge exchange can be

based on maps, although a discrepancy in power relations

should be considered given that such maps might not be

readable by all stakeholders. Hazard maps, for example, are

based on Western standards of semiology and guidelines,

and might not be understandable by and useful to some

affected communities, while informative maps crafted by

local communities about risk perception or vulnerability,

for example, might not be georeferenced and scaled

(Gaillard and Mercer 2013). There have already been dif-

ferent approaches to integrating and visualizing these kinds

of data in a geographic information system (GIS); these

vary from methods for paper-based sketch maps that

include manual or automated georeferencing to approaches

that are digital right from the beginning and participants

can draw directly on a digital device. Mental maps are

based on blank sheets on which participants draw their

mental images. In contrast to this base of blank sheets,

sketch maps are based on geographic maps. In this way the

participants’ marking has a spatial reference and can be

used for further computer-based spatial analyses.

O’Neill et al. (2015), Cheung et al. (2016), and Klonner

et al. (2018) successfully applied sketch maps, mainly to

capture experiences with flooding and the flood risk per-

ception of the local population. However, research about

factors that influence the information captured by sketch

maps and clear guidelines for the application of sketch map

approaches are still missing (Curtis et al. 2014); only

recently has this research received more interest. Klonner

et al. (2018) studied some influencing factors such as the

place of living of the participants or the acquisition scale of

the base maps of the sketch maps.

To realize the full potential of the work together with

citizens, Birkmann and von Teichman (2010) pointed out

that it is important to combine local and expert knowledge

and to have good communication between the different

actors within multidisciplinary work, for example, on a

platform for knowledge management. Klonner et al. (2018)

analyzed the potential of participative methods for risk

analysis of flooding in an urban setting of Santiago de

Chile. However, similar to the findings of Reichel and

Frömming (2014), the lack of communication between

citizens and the different levels of official institutions is

identified, which hinders the acceptance of local knowl-

edge in disaster management (Usón et al. 2016). This

makes it even more evident that communication and

information exchange need to be improved.

The integration of local knowledge into hazard man-

agement makes it possible to allow for an adaptation of the

local population to prospective environmental changes and

to cope with them more easily (Reichel and Frömming

2014). It is essential to gather local knowledge within its

context as ‘‘the strategies to prevent, respond to, and

remember natural hazards also differ depending on the

given social and cultural context’’ (Reichel and Frömming

2014, p. 52). In order to develop effective flood protection

measures and strategies, in most cases, target knowledge

and transformation knowledge are of extremely great value

in addition to systems knowledge (Hirsch Hadorn et al.

2008). Thus, it becomes clear that the scientific treatment

of the challenges in the context of flood events requires not

only interdisciplinary but also transdisciplinary research

approaches. In this setting, the study participants are both

potentially affected and data providers at the same time.

Studies based on participatory approaches for flood

hazard analysis focus mainly on one specific geographic

area for which they were developed and tested. In our

research we want to go a step further and apply the

methods of sketch maps accompanied by questionnaires in

another cultural context and for another flood type to

investigate whether the methods that were applied suc-

cessfully in Chile (Klonner et al. 2016a) can also be

applied to a different flood type and a different setting.

Santiago de Chile is affected by urban flooding, while

Eberbach, Germany, has to face river flooding. We

developed our methods further for the German setting and

for the different flood types and the applicability is tested in

the case study in Eberbach. We aimed at integrating the

flood-affected population into the DRR process and to

capture information related to the specific local context. In

that way, the citizens’ willingness to take preventive

actions can be increased, valuable information for analyses
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within DRR is provided, and further mitigation and pre-

paredness measures can be implemented.

2 Study Area

When it comes to assessing citizens’ local knowledge

about floods, a region with regular flooding is required as a

research area (Fig. 1). Due to our objective to develop our

methods further for the application to river flooding, we

decided to conduct our study in Eberbach in the Federal

State of Baden–Wuerttemberg, Germany. The city has

around 15,000 inhabitants and is prone to river flooding

(Eberbach 2018b). This study area also enables the com-

parison of the application of the approach to a city in Chile

and a German city. Within the city of Eberbach, we

selected an overview area that included the study area in

the flood-prone city center and a residential control area not

affected by flooding from the Neckar River (Fig. 1).

Eberbach is located next to the Neckar River and is a

popular tourist destination due to its historic old town and

the beautiful countryside shaped by the Neckar. However,

this famous river is not only a desirable feature of the city

but it also harbors dangers. Several flood level markings in

the city bear witness to the long history of extreme floods,

and specific street signs are reminders of the other face of

the Neckar. The city has a special alarm plan that informs

the citizens about the level of the Neckar with different

sounds from the alarm system so that citizens can take

personal preventive actions accordingly. The local

authorities also take action according to this plan (Eber-

bach 2018a). Severe floods occurred in 1993 and 1994,

which affected nearly the whole study area, and several

mitigation measures have been installed since (Figs. 2, 3).

3 Methods

In our study we aimed at capturing the local population’s

knowledge about flooding, with the help of an easy-to-use

tool that also includes marginalized people without the

required technical knowledge or digital equipment, who

would be excluded in a more digital media-oriented

approach (Elwood et al. 2012). The local knowledge is

formalized by the drawing of a mental image. These

drawings are based on maps, since we wanted to gather and

visualize spatial information. In this way the information

provided can be used directly for further spatial analyses. A

Fig. 1 Eberbach is located about 30 km northeast of Heidelberg in

southwestern Germany. The base maps for the sketch maps include an

overview area (a), the study area (b), and a control area (c). Orange

dots indicate the participants’ locations during the survey in the study

area and the control area, respectively
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method based on paper and pen is an adequate way to

include people who might not be familiar with the use of

digital devices. Additional information from the partici-

pants can be gathered through questions in an accompa-

nying survey.

In line with these requirements, the participatory

approach of our study is based on paper sketch maps that

are combined with a questionnaire. This approach makes it

possible to capture local knowledge that is mostly not made

visible. The following section outlines the two main

methods of the study in more detail and provides more

information about the flood maps we used for visual

comparison. Table 1 presents an overview of the applied

methods and tools as well as their application to the dif-

ferent tasks of the study.

3.1 Sketch Maps

The sketch maps are based on the OpenStreetMap Field

Papers,1 which include data provided and edited by the

public. The paper map is in DIN A4 (21 cm 9 29.70 cm)

format and represents streets, buildings, and landmarks of

the area. As there are influencing factors of the acquisition

scale of the base map, that is, the level of detail of the area

(Klonner et al. 2018), we used an overview base map of the

whole city of Eberbach and a base map at the neighborhood

level for both the study area and the control area, respec-

tively (Fig. 4). We aimed at identifying the additional

value of the two different spatial acquisition scales of the

base map of the sketch maps, that is, an overview map with

a larger area but less details and a neighborhood map with a

smaller extent but more details. The study participants had

to indicate their knowledge about floods in all three area

maps, and they were asked to indicate in the base map

Fig. 2 Parking area by the Neckar River in Eberbach, Germany. The sign states that it is a flood-prone area that needs to be cleared as soon as a

flood warning occurs. Photographs by C. Klonner, Eberbach, March 2017 without flooding (left), and January 2019 during flooding (right)

Fig. 3 Building wall with

markings of previous flood

levels of the Neckar River in

Eberbach, Germany (a), and a

mitigation measure of the city: a

power box located at two meters

above ground level (b). The
orange measuring rod in both

photos is two meters long.

Photographs by C. Klonner,

Eberbach, July 2018

1 http://wiki.openstreetmap.org/wiki/Field_Papers.
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where they thought flood risk exists in these specific areas,

that is, where the water might affect the city (Fig. 4). This

knowledge may be based on previous experiences of floods

but also on information provided by others. They used a

colored pen to mark these parts in the paper maps. Cheung

et al. (2016) collected flood risk perceptions with digital

devices. We used paper maps (Curtis et al. 2014; O’Neill

et al. 2015) to avoid the exclusion of people or respondents

without the technical knowledge or equipment necessary to

participate in a digital approach (Elwood et al. 2012).

The main advantage of the sketch maps based on Field

Papers is the option of automatic georeferencing. As a

result, time-consuming and error-prone manual georefer-

encing can be avoided, which makes it an easy-to-use tool,

also applicable without specific geographic or technical

knowledge. However, participants might draw wrong areas

that are then used for further applications. This might be

the case especially for pedestrians, who might not be very

familiar with the local area. Therefore, it is important to

check how many participants marked a specific area to

identify such mistakes, and when using the results of the

sketch maps, one has to keep in mind that such errors can

occur.

This approach can also be used in areas where no other

data are available for flood risk management, or in regions

where it is difficult to capture such required data due to

limited resources or difficult accessibility of the hazard

area. Local communities can use this tool for their own

disaster management. An image or scan of the marked

sketch map is uploaded to the Field Papers webpage and

then a georeferenced file (GeoTIFF) is downloaded into a

GIS. The marked areas are digitized and saved in a GIS

vector file as polygons. The individual results can be

overlaid and the number of people marking the same area

can be calculated and visualized.

The resulting maps enable the visualization of the

knowledge of local citizens and make this information

available for further uses in flood hazard analysis, for

example, as a complement to authoritative data from flood

gauges or from maps based on flood models.

3.2 Questionnaire

In addition to these maps, a questionnaire was used for

evaluating the context. Respondents were asked about the

place and duration of living in this area, the perceived flood

intensity at three different areas (the exact location of the

individual survey, the neighborhood, and the city), the

strongest flood event they experienced, mitigation mea-

sures, information channels they use in the case of flood-

ing, and some personal information, such as their age and

gender.

The questionnaire was conducted by means of KoBo

Toolbox, which allows the execution of both a digital and a

paper-based survey. When the mobile application is used,

the location of the questionnaire can be directly recorded

and the combination with the sketch map is facilitated.

Each sketch map is assigned a unique ID, which is also

Table 1 Methods and tasks applied during the different parts of the study in Eberbach, Germany

Methods and tools Tasks

Survey preparation Field Papers webpagea Selection of areas for base maps

- Study area

- Control area

- Overview Area

KoBo Toolbox webpageb Selection of questions for and design of questionnaire

Survey Printed base maps and pen People mark areas that they perceive at flood risk

KoBo Toolbox app on tablet or smartphone Researchers collect answers from participants

Data preparation Field Papers webpage Upload of photo/scan of the marked Field Papers and

download of the georeferenced file (GeoTIFF)

KoBo Toolbox webpage Download of the questionnaire results

GIS Digitizing of marking on sketch maps and saving as vector files

Combination of questionnaire results with corresponding sketch map

vector files

Analysis GIS Calculation of the number of participants for the marked areas with

respect to different characteristics based on the questionnaire

Reference data (flood map) Visual comparison of the flood maps based on the marking and the

reference flood map

Results GIS and Spreadsheet Design of maps and diagrams according to the evaluation

ahttp://fieldpapers.org/
bhttp://www.kobotoolbox.org/
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applied to the questionnaire. In addition to the marking of

the sketch maps, the participants are also asked in the

questionnaire about their knowledge of floods in the dif-

ferent parts of the city. They can choose from several

pictures of a person with flood level markings and state

their own estimation to which height the water can rise.

The Eberbach study, like our previous study in Santiago

de Chile, takes influencing factors, such as property, into

consideration, and there are two different scales of base

maps (Klonner et al. 2016a). The overview base map

represents a large part of the city of Eberbach, including

the study area and the control area. The study area is

located in the city center next to the Neckar and has a long

history of flooding (see Sect. 3.3 for information about

reference data, and Sect. 4.4 for a flood map of the study

area). In contrast, the control area is located in a residential

area in a part of the city that is not subject to flooding.

The sample size is based on information power (Mal-

terud et al. 2016) instead of representativeness. We applied

a purposive sampling and selected participants distributed

over the sample areas to get an overview of flooding at

several locations (Punch 2014, p. 164). Taking these

Fig. 4 Example of an overview

and a neighborhood base map of

Eberbach, Germany with the

marking of participants in pink.

Based on Field Papers (http://

fieldpapers.org/)
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aspects into consideration, 40 people in the study area and

40 people in the control area, who are either residents or

pedestrians, were selected. Pedestrians who are living in

another part of the city and who were passing by were

questioned and residents were interviewed at the houses

where they live. An equal number of surveys was con-

ducted in each category. Residents were selected at ran-

dom, though in a way to cover the extent of the study area.

Because there might also be influencing social variables

like wealth and education in specific parts of the sample

areas, we selected participants in different sections of the

sample areas (see Fig. 1) and of different age groups

(Fig. 5). More than half of the participants, both of the

study area and the control area, have lived in their

respective neighborhoods for more than 10 years and have

good experience with flooding in their areas.

In our further analyses, we focus on the differences

between residents and pedestrians. Thereafter, we investi-

gate the influence of the context by analyzing the sketch

maps of residents who are owners of the property they live

in and residents who rent. We also investigate the per-

ceived flood intensity and contrast three different areas: the

exact location of the individual participant survey, the

surrounding neighborhood, and the whole city. In addition

to the sketch maps, the answers to the question about

perceived flood intensity give information about the risk

evaluation. Participants can pick one of five options in a

Likert-type scale ranging from not affected (1) to affected

very strongly (5). We then compared the results of the

sketch maps by participants of the study area with those by

participants of the control area.

3.3 Comparison with Flood Maps

In addition to the internal comparisons between the study

area and the control area, we visually identified similarities

of the sketch map results and computed flood maps. We

evaluated the data that resulted from the case study by

conducting a visual comparison with the flood maps pro-

vided by the Landesanstalt für Umwelt Baden–Württem-

berg (LUBW), Germany. The different nature of the two

datasets needs to be kept in mind during interpretation of

the results. One is a dataset based on personal experience,

and the other is an official dataset based on probabilities of

flood events based on measured and physically modeled

data. Therefore, we conducted a visual comparison of the

two different types of flood maps. The overall area of local

flood knowledge was compared to the specific area of the

modeled flood data, and similarities as well as differences

can be analyzed. The level of inherent detail can be com-

pared within the two different datasets and gives insights

into the applicability of the method.

4 Results and Discussion

In this section we present the results of our survey

according to the previously stated objectives and focus on

the design of the base map, the influence of participants’

characteristics, and the similarities of the results in com-

parison to an authoritative flood map. Finally, we take a

look at the results of the study in Santiago de Chile and

discuss to what extent they resemble the results of the study

in Eberbach.

4.1 Base Map and Place of Living

The results of the sketch maps in Fig. 6 reveal that there

are no clear differences between the marking based on the

two different scales of the base maps (overview and

neighborhood maps). We conclude that in the case of river

flooding in Eberbach the different acquisition scales of the

base maps do not provide additional information because

the marked flood areas are very similar.

These results can also be compared to pictures of a

minor flood event in Eberbach in January 2019 (Fig. 7).

The parking area and street next to the river are flooded and

this is equivalent to the dark blue marking on the case study

participant maps (Fig. 6).

Additionally, Table 2 shows that the residents tend to

mark more areas at risk than the people passing by

(pedestrians) if there are more than five participants in the

study area mentioning it. However, if calculations are made

based on participants in the control area outside the flood

area, the opposite occurs (Table 2). A similar opposition is

true for the neighborhood maps of the study area. Based on

Fig. 5 Age of the participants in the study area, n = 40 (a) and the control area, n = 40 (b)
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these results, we deduce that the differentiation between

residents and pedestrians needs to be expanded in future

research to the concept of localness. In our study,

pedestrians can still be residents of the city in general.

Thus, it is necessary to identify their sense of belonging to

the area. How much do they see themselves as part of the

Fig. 6 Case study results of the flood risk study in Eberbach,

Germany: Results of the sketch maps based on the overview maps (a,
b) and the neighborhood maps (c). There are 20 participants in each

group (n = 20). No clear difference according to the level of detail of

the marking in the two different types of base maps. Additionally, the

results of the study area are distinguished according to whether the

participants are pedestrians passing by (a) or residents at the location
of the survey (b, c). The residents tend to mark more areas at risk (b,
c) than the pedestrians (a)

Fig. 7 Flooding of the parking area and street next to the Neckar River in Eberbach, Germany, during a minor flood event in January 2019. The

flooded area coincides with the dark blue marking in the sketch maps in Fig. 6. Photographs by C. Klonner, Eberbach, January 2019

Table 2 Area at flood risk marked by the case study participants on

the overview and the study area neighborhood base maps (in m2) in

Eberbach, Germany. Residents in the study area identify more at risk

areas than pedestrians. In the control area, the opposite is the case. We

use the area identified by the residents in the study area as a reference

(100%) in order to clarify the differences between the results. Equal

number in all groups n = 20

Base map with

n[ 5

Residents in study area

(m2)

Pedestrians in study area

(m2)

Residents in control area

(m2)

Pedestrians in control area

(m2)

Overview 201,475 (100%) 136,008 (68%) 148,848 (74%) 187,726 (93%)

Study area 123,641 (100%) 49,252 (40%) 90,198 (73%) 128,537 (104%)
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community and engage with mitigation measures or inform

themselves about flooding in the area, for example?

4.2 Property

The property analysis shows that people with property

mark a larger area when the area indicated on the base map

of the study area is taken into consideration (Table 3). The

area marked in the overview map is larger when marked by

the participants without property because a few of them

marked large areas (Fig. 8b). However, the number of

participants identifying similar flood areas is higher when

taking the people with property into account (Fig. 8a). This

aligns with the findings of Wachinger et al. (2013), who

stated that the personal experience of a hazard strongly

influences risk awareness.

4.3 Perceived Flood Intensity

Figure 9 summarizes the results of the questionnaire

regarding the perceived flood intensity, according to the

different flood intensity levels and the location of the

participants (study area or control area). These results show

similarities to the evaluation of the areas by residents with

property, where a larger area was identified by the residents

from the control area (see Table 3), who also identified a

higher level of intensity. It is surprising to see that the

people who are living in the flood-prone areas and are

regularly affected do not see their direct location as

affected as their neighborhood or the city in general. This

might be because of the mitigation measures they have

undertaken (such as a cellar with only quickly removable

items, a water pump, an elevated heating, and cellar walls

painted with special oil paint), the feeling that they are

prepared for a flooding, and that they know where to get

information in a case of flooding. They feel safe and are

aware of the fact that the local government is also sup-

porting them. While they have a high risk perception of the

area in general, they estimate the risk at their own location

as lower due to their preparedness.

In contradiction to the fact that the participants in the

study area, which is regularly affected by flooding, do not

see their location as highly affected, they still indicate the

possible flood level as very high. During the survey we

used the image of a person with flood level markings, and

the participants were asked to indicate based on their

knowledge and experience to which height the water can

rise at the location of the survey (Fig. 10). The majority

chose the image with the highest level. Some of the par-

ticipants even stated that if they had been given that option,

they would have chosen a water level above the head. This

shows again that they know about the flood risk and accept

it and based on this awareness and their mitigation actions

they do not perceive the risk as very high for themselves.

Another explanation for the results of our study may be

an unrealistic optimism about future life events, which

results in a tendency of people to rate their own chances of

coming to harm as below average in the case of negative

events and their chances of benefiting as above average in

the case of positive events (Weinstein 1980). It might be

the case that the participants are more optimistic about

their own location than the location of other people’s

houses. Weinstein (1980) showed that there are five cog-

nitive and motivational considerations that influence the

level of optimistic bias. Personal experience can give a

clearer picture of the events or decrease defensive denial,

which can lead to less optimism about negative events.

Other characteristics are perceived probability, degree of

desirability, stereotype salience, and perceived controlla-

bility (Weinstein 1980). The results of Weinstein’s study

can also be used to interpret the outcomes of the study in

Eberbach. Instead of exhibiting unrealistic optimism, the

participants of the study area might have a lot more per-

sonal experience with flooding, and with that a more

realistic picture of the risk for the city as a whole. There-

fore, unrealistic optimism might be decreased. Similarly to

Weinstein (1980), we conclude that more studies are nec-

essary to analyze the relationship between self-protective

behavior and unrealistic optimism because this relationship

might strongly influence societal and individual

vulnerability.

4.4 Visual Comparison to Probabilistic Flood Maps

The data collected with the sketch maps represent the local

knowledge of citizens. In contrast, the Fig. 11 flood maps

are based on authoritative data, such as historical records

and physics-based flood modeling with a focus on flooded

areas. There is a difference in concepts because the risk

perception is rather a social construct, while the flood maps

are based on measured and modeled data. Therefore, we

avoided a direct calculated comparison and opted for a

more general visual comparison in order to explore similar

tendencies in the two different types of maps. The areas

that are most often marked by the participants (dark blue

areas in Figs. 6, 8) coincide with the regularly flooded

areas in Eberbach based on data from the LUBW (dark

blue areas in Fig. 11). The overall extent of the flooded

area in the study area (Fig. 11b) has a comparable shape to

the area marked by the participants (see Figs. 6, 8). As we

particularly asked the participants to focus on the Neckar

River, the sketch maps include little marking of the

flooding based on the tributary rivers in the northern and

eastern parts of Eberbach. Therefore, there are differences

visible in the flood map in Fig. 11 because this map also
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includes the flooding related to the smaller rivers. The

comparison, however, shows that the sketch maps can

identify areas at flood risk that are officially indicated as

flood risk areas as well.

4.5 Comparison to Sketch Map Study in Santiago de

Chile

The analysis of the study in Eberbach shows that there is

only a small additional value to the two different spatial

scales of the base maps with respect to the level of detail of

the resulting risk awareness maps (see Fig. 6). Only the

area that is covered is different. In contrast, the case study

in Santiago de Chile on urban flooding revealed that the

neighborhood base maps lead to much more detailed

information in comparison to the overview maps (Klonner

et al. 2018). This might be due to the fact that urban

flooding is much more specific to certain streets in Santiago

de Chile while river flooding in Eberbach usually covers a

larger and connected area. Therefore, we suggest the use of

the two different scales of the base maps in the case of

urban flooding, while for river flooding, one base map level

might be sufficient.

The comparison to the results of the study in Santiago de

Chile (Klonner et al. 2018) shows how important the

integration of the context is. The citizens in La Florida,

Santiago de Chile, mentioned that the city is not doing

enough to protect them. Certain measures are protecting

some streets but only by leading the water into the neigh-

boring areas (based on statements from participants in La

Florida, Santiago de Chile, May 2016). This can be due to

the fact that the city is rapidly growing, and therefore, the

Fig. 8 Results of the sketch maps based on the marking on the

overview base map by residents in the study area in Eberbach,

Germany. The larger areas with darker colors show that more

residents with property (n = 8) (a) marked similar areas at risk than

residents who rent (n = 12) (b)

Table 3 Area at flood risk marked by the case study participants on

the overview and the study area neighborhood base maps (in m2) in

Eberbach, Germany. Residents with property marked larger areas at

risk than residents who rent. In the control area, the area marked by

residents with property is even larger than that marked by those in the

study area. We use the area identified by the residents with property in

the study area as a reference (100%) in order to clarify the differences

between the results

Base map

with n[ 5

Residents with property in

study area (m2), n = 8

Residents who rent in study

area (m2), n = 12

Residents with property in

control area (m2), n = 17

Residents who rent in

control area (m2), n = 3

Overview 47,911 (100%) 20,511 (43%) 131,860 (275%) Max is n = 3

Study Area 30,729 (100%) 9118 (30%) 85,242 (277%) Max is n = 3
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necessary mitigating measures have not yet been installed

in an appropriate way. Moreover, the official information

that the citizens have about floods seems rather sparse.

New residents who recently moved to the flood-prone areas

might not have any knowledge about the floods until they

occur because the urban flooding is very specific to certain

streets and there are no official flood maps available to the

citizens in the area. A participant in La Florida stated that a

neighbor sold his house, which is always affected by

flooding, without mentioning the flood risk, though the

citizens themselves have a detailed knowledge of the flood-

affected streets and areas in their neighborhood. Some

homeowners installed protective measures such as small

walls at the entrance of their houses, but in general, the

researchers got the impression during their study that the

participants do not take many preventive measures. The

citizens in Santiago see the government as responsible for

such interventions. The reason might be the poor socioe-

conomic conditions in this area. People cannot afford better

and more measures and thus depend on the government to

install the required mitigation measures such as an

improved drainage system and retention areas.

In contrast, the citizens in Eberbach live with the

flooding and they accept it as a part of their life. There is a

long history of flooding and flood marks, which are

installed all around the city, remind the citizens of the

possibility of flooding. They know what to do in the event

of flooding and they invest in private flood mitigation

measures or support the official measures. They also have a

good knowledge of where to get specific information in the

case of flooding. An app of the city of Eberbach, for

example, informs about flooding and the local government

uses specific siren alarm signals to inform and warn people

about impending flood levels. The citizens not living

directly in the area at risk seem to have a higher risk per-

ception of this area. In contrast, the people who face the

flooding evaluate their flood risk as lower. Due to the

experience they have, for example, in their own houses

(Fig. 12), they know what to do in the case of flooding and

they have prepared themselves. They have pumps to get rid

of the water in their cellars or they rearrange the stored

items so that no valuable belongings are in flooded parts of

the house; some also use measures like tiling the cellar

walls or painting them with special oil paint (Fig. 12).

In this way, residents reduce their vulnerability and do

not see their surroundings at such a high flood risk. ‘‘We

bought our house knowing about the flood risk. Our cellar

is prepared accordingly, and we live with the flooding. We

have a good neighborhood and help each other with

Fig. 9 The diagrams show the results of the flood intensity level

investigation in Eberbach, Germany, and reflect how the case study

participants perceive the city to be affected by flood. Participants of

the study area see the city in general as more affected than their direct

location. The participants of the control area rate their direct location

as not much affected at all. They also see the city as much more

affected

Fig. 10 The image of a person

with flood level markings (1 to

6) was used for the study

participants to indicate based on

their knowledge and experience

to which height the water can

rise at the location of the survey.

Most people chose the highest

flood level from the six

available options
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pumping. The city has a good routine with informing us

and acting in cases of flooding. I feel safe’’ (Statement

during the survey from a participant living in the flood area

of Eberbach, June 2018). This illustrates that trust and

adequate communication play an important role for flood

risk perception. Seebauer and Babcicky (2017, p. 313)

showed that ‘‘trust in the local governments, in volunteers

in disaster management and relief services, and in neigh-

bors affects how citizens perceive and act on flood risks.’’

Volunteers are the most trusted group of these three and are

considered as more competent regarding flood risk miti-

gation than the other two groups (Seebauer and Babcicky

2017). Unrealistic optimism (Weinstein 1980) and non-

protective responses are decreased while risk perception is

increased by trust in volunteers (Seebauer and Babcicky

2017). There might, however, also be the case that too

much trust in neighbors and local governments hinders

one’s own protective actions (Seebauer and Babcicky

2017).

The sketch map approach can support the risk commu-

nication between researchers, the local government, and

the citizens, and trust can be increased. Klonner and

Blessing (2019) showed a method for group discussions,

which is based on the sketch map approach. Instead of the

DIN A4 design of the map, they used a DIN A0 map in

order to allow for a group of citizens as well as members of

the local government to engage in the discussion. This

format allows more insights into the risk perception as the

communication might remind people of their own experi-

ences, which they can combine on one common map

(Klonner and Blessing 2019). This method also makes it

possible to spatially target the risk communication on

affected areas of the city, for example, during workshops.

The approach is based on open source software, and local

governments can access this means for risk communication

without additional monetary investment.

Overall, the results show that the sketch map method not

only works for urban flooding, but also in cases of river

flooding. The context of the citizens, however, plays an

important role for the interpretation of the results of the

sketch maps.

Fig. 11 Flood areas in Eberbach, Germany, based on authoritative data. Dark blue represents areas that are regularly flooded (HQ10 is a 10-year

flood event), and light blue areas are only flooded in extreme events (HQext). The base maps of the sketch maps are indicated by (a), (b), and (c)

Fig. 12 Flood markings in the cellar of a study participant in the

flood area in Eberbach, Germany. In 1993, the water filled the whole

cellar and reached the first floor. The residents have painted their

cellar with special oil paint and only store belongings in the cellar that

can be removed easily. Photograph by C. Klonner, Eberbach, July

2018

123

68 Klonner et al. Participatory Mapping and Visualization of Local Knowledge



5 Conclusion

In our study in Eberbach, we investigated a participatory

approach that allows the inclusion of citizens in the DRR

process, regardless of whether they have access to specific

digital devices such as smartphones, knowledge about the

usage of specific disaster-related systems, or the ability to

access the Internet. We chose a paper-based approach, and

local knowledge of the citizens was captured by drawings

on these papers. In contrast to other studies (Haworth et al.

2016; Bustillos Ardaya et al. 2019) that focus on partici-

patory methods within disaster risk management based on

normal maps for the sketches, the sketches in our approach

were made on OpenStreetMap Field Papers, which makes

fast data processing possible because there is a base map

and the drawings are already spatially correct. Moreover,

the maps are georeferenced automatically, which saves

time and error-prone manual data handling is not neces-

sary. For a more adequate interpretation of the results, we

implemented a questionnaire, which gave important addi-

tional insights into both the participants’ knowledge about

floods and their personal characteristics. It was possible to

combine this information by means of a GIS and portray

the results in maps according to the characteristics of the

citizens. The information gained with the presented

approach can be used for further DRR analyses, for

example in addition to measured and simulated flood maps,

and to support decisions about mitigation and preparedness

measures.

Based on the comparison to a previous study in Chile

(Klonner et al. 2018), we found that the spatial acquisition

scale of the sketch maps plays a more important role for

urban flooding than for river flooding because the latter

may expand in a larger area, while urban flooding can be

restricted to only a few streets. The base maps need to be

selected accordingly and with the required level of detail of

the results in mind. With respect to the personal back-

ground of the study participants, we concluded that people

with property tend to have a higher risk awareness.

The results also show that the context of the participants

is very important. The knowledge about flood risk and the

acceptance of the situation can lead to personal mitigation

actions and to trust in the government. This can reduce the

vulnerability of the affected population and their risk; the

people in flood-prone areas might have experience with

floods in that area but they evaluate the risk at their own

location as lower than in the neighborhood due to their

feeling of preparedness. In line with these findings, we also

concluded from our investigation of the differences

between residents who live at the place of the individual

survey and pedestrians who are passing by that it is

important to take the feeling of belonging to a certain place

into consideration. In how far do individuals identify with

the location? And how much does this influence their risk

perception and their risk evaluation?

The results showed that it is possible to adapt the

methods that were used for another flood type and a dif-

ferent setting. The tools used in our study could also be

applied within other scenarios such as for mapping the

local knowledge about noise or for the identification of heat

islands in urban areas. The application field is very broad,

and the participants can have manifold backgrounds

because the tools do not require specific skills. The par-

ticipants can share their knowledge of their neighborhood

in an easy way. Based on these data, additional measures

can be taken into consideration. Furthermore, the approach

can be used in DIN A0 format for group discussions in

order to increase the risk communication between citizens,

local governments, and researchers, which increases the

trust among these groups.

Sketch maps in combination with questionnaires are

only one example of a broad variety of means to disclose

local knowledge. Future research should investigate the

additional value of tools like interactive platforms that can

combine knowledge captured with sketch maps together

with official measurement data but also with more local

information like image material provided by local citizens.
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