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Flood risk management in Germany follows an integrative approach in which

both private households and businesses canmake an important contribution to

reducing flood damage by implementing property-level adaptation measures.

While the flood adaptation behavior of private households has already

been widely researched, comparatively less attention has been paid to the

adaptation strategies of businesses. However, their ability to cope with flood

risk plays an important role in the social and economic development of

a flood-prone region. Therefore, using quantitative survey data, this study

aims to identify different strategies and adaptation drivers of 557 businesses

damaged by a riverine flood in 2013 and 104 businesses damaged by pluvial or

flash floods between 2014 and 2017. Our results indicate that a low perceived

self-efficacy may be an important factor that can reduce the motivation of

businesses to adapt to flood risk. Furthermore, property-owners tended to

act more proactively than tenants. In addition, high experience with previous

flood events and low perceived response costs could strengthen proactive

adaptation behavior. These findings should be considered in business-tailored

risk communication.

KEYWORDS

risk management, climate change adaptation, floods, disaster risk reduction,

Germany, precaution, emergency management

Introduction

Flooding is a significant threat for human well being, via impacts on health and

economic activity. According to Munich Re (2018), floods have accounted for 40%

of disasters worldwide since 1980. Additionally, the European Environment Agency

(2019) states that floods accounted for a total loss of EUR 162 billion across the EEA

member states over the same period. Just recently, i.e., in July 2021, Belgium, Germany,

Luxembourg, and the Netherlands were hit by devastating floods that occurred because

of heavy and continuous rainfall. More than 180 people lost their lives in Germany, while

38 individuals lost their lives in Belgium (Kreienkamp et al., 2021). In some towns, e.g., in

Bad Münstereifel or Euskirchen, the inner cities and main shopping streets were severely

damaged and forced the commercial sector out of business. In total, 30 billion euros are

provided for recovery and reconstruction in Germany alone (Federal Ministry of the

Interior and Community, 2021).
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Flood risks can be summarized as the interaction between

hazard, exposure, and vulnerability (Kron, 2005; IPCC, 2022).

Hazard is the combination of the probability of a flood occurring

and its potential magnitude. Exposure is the quantity and

value of people or assets located in flood-prone areas, while

vulnerability captures how susceptible affected objects are to

suffering damage during a flood (Kron, 2005; IPCC, 2022). One

main avenue for limiting flood damage is through regional flood

protection (e.g., levees) that aims to prevent inundation of land

up to the design value of the structures, often up to a 100-year

flood. However, flood damage cannot be completely prevented

by such structural measures owing to physical limitations or

because such investments are not cost-beneficial (Bos and

Zwaneveld, 2017). Residents and businesses in floodplains can

lower their level of vulnerability via employing protective or

preparatory measures at their properties, which lower potential

flood impacts. For example, such property-level measures are

flood-adapted building use (e.g., avoiding expensive assets in

the flood-prone parts of the building), flood-proof interior

fitting (e.g., by water resistant materials) or having a water

pump available helps to restore flooded properties. Even during

extreme events like the catastrophic flood in August 2002 in

Central Europe, these measures were highly effective (Kreibich

et al., 2005). The observation that a multitude of such adaptation

measures exist, is important because it is expected that damage

from floods will increase in the future (IPCC, 2022). That

is mainly because the threatened areas on rivers and coasts

become more populated, while climate change potentially alters

the frequency and intensity of extreme precipitation in some

regions (Merz et al., 2007; IPCC, 2022). Therefore, flood risk

management strategies need to be expanded and improved

(Kreibich et al., 2015). For this reason, there is a growing focus

on integrated flood risk management concepts in which all the

actors who contribute toward flood risk generation should take

actions to reduce flood risk (Merz et al., 2010; Bubeck et al.,

2016; Kuhlicke et al., 2020a). For example, since 2005 property-

owners in flood-prone areas in Germany are obliged to reduce

flood damage to the best of their ability [§5(2) in the German

Federal Water Act].

In line with this movement, there is a growing

understanding of how and why private households adapt

to floods and which factors influence their decision whether

they implement property-level adaptation measures (e.g.,

Grothmann and Reusswig, 2006; Bubeck et al., 2012; Koerth

et al., 2013). For example, prior experience with floods and

perceived effectiveness of property-level measures seem to

be important drivers for private adaptation (Grothmann and

Reusswig, 2006). On the other hand, there is relatively less

research on adaptation strategies of businesses (Kreibich et al.,

2007) although they also suffer greatly from flood events (DKKV

(German Committee for Disaster Prevention), 2015; Jehmlich

et al., 2020). Direct damage in the corporate sector after the

disastrous event in 2013 were estimated to be around EUR 1.32

billion (Federal Ministry of the Interior Building Community,

2013).

There have been some studies lately that gave insights

into the flood management of businesses. Neise and Revilla

Diez (2019) revealed that adaptation strategies are related

to the business size using the cities Jakarta and Semerang

(Indonesia) as case studies. Small businesses can less effectively

adapt to flood risk than large or medium-sized businesses

due to lower financial resources and competitiveness (Neise

and Revilla Diez, 2019). Moreover, there were shortcomings

in business continuity planning among small and medium-

sized businesses in Thailand (Kato and Charoenrat, 2017).

Experience with previous flooding was found to be an important

driver for precautionary behavior of businesses according to

Herbane (2015), Jehmlich et al. (2020), and Kuhlicke et al.

(2020b). Similarities in flood preparedness, adaptive behavior

and recovery of small businesses and private households in Can

Tho city (Vietnam) were found by Chinh et al. (2016) and in

Germany byHudson et al. (2022). Furthermore, Sieg et al. (2017)

stated that damage processes and therefore needs for adaptation

differ between business sectors. Bhattacharya-Mis et al. (2018)

found that professionals in the construction sector who could

act as flood protection advisors to businesses are not sufficiently

educated about flood risk.

More research is still needed to detect the adaptation

patterns of businesses to serve as entry points for tailored

risk communication and to further investigate drivers for

their actions within the sphere of climate change adaptation

and disaster risk reduction (Forino and von Meding, 2021).

Therefore, this study focuses on the following two questions

to provide a wider baseline of inferences from our exploratory

analysis: (a) Which strategies do businesses in Germany choose

to adapt to floods? and (b) Which factors influence the

choice of a specific adaptation strategy? Two data sets are

compared that relate to different flood events and flood types

in Germany. For the first dataset, businesses were surveyed

that were damaged by a riverine flood event in 2013 and

the second data set surveyed businesses that were damaged

by pluvial floods (also known as urban floods or sometimes

flash floods in hilly regions) between 2014 and 2017. Since

responses and coping options were found to be different in

private households affected by fluvial flooding in 2013 from

those affected by pluvial flooding in 2016 (Thieken et al., 2022),

this paper explores adaptation strategies of businesses for these

flood types, too.

The findings of this research contribute to a better

understanding of adaptation of businesses in flood-prone areas.

On this foundation, measures can be derived to better support

businesses in the future. Additionally, this study intends to

provide indications for later studies on how businesses adapt to

flood risk and what could influence their capabilities to reduce

flood damage. In part we achieve this by using questions and

theoretical frameworks designed for private households and
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TABLE 1 Overview of the hydrological and financial impacts of large floods in Germany between 2013 and 2017.

Riverine flood Flood intensity Financial impact Location

2013 45% of the river network witnesses return periods

of the discharge of at least five years, along the

rivers Elbe and Danube 100 years were exceeded

EUR 8 billion, thereof EUR 1.65 billion

were insured

Germany wide, half of federal states declared a

state of emergency, largest impacts experienced in

Saxony, Saxony-Anhalt and Bavaria

Pluvial floods Precipitation intensity Financial impact Most affected locations

2014 292mm (7 h) EUR 70 million (insured losses only) Münster (North Rhine-Westphalia)

2016 100mm (2 h) EUR 2.6 billion, thereof around EUR

800 million were insured

Braunsbach (Baden-Württemberg) and Simbach

(Bavaria)

2017 197mm (24 h) EUR 60 million (insured losses only) Lower-Saxony, Brandenburg, and Berlin

individuals and apply them to businesses. An outcome of this

approach is to better link the disparate strands of research.

Character and impacts of the flood
events studied

For this study, the extensive river flood that hit Central

Europe, particularly Germany, in June 2013 was taken as case

study for a fluvial flood. Already inMay of 2013, monthly rainfall

amounts were above average and led to record-breaking soil

moisture in large areas (DWD – Deutscher Wetterdienst, 2013)

and high streamflows (Thieken et al., 2016a). Torrential rain

from 31 May to 2 June 2013 then resulted in high shares of

surface runoff and consequently flood peaks and inundations

along the rivers Upper Rhine, Weser as well as Danube and Elbe

in particular (Merz et al., 2014; Schröter et al., 2015; Thieken

et al., 2016a). Flood frequency analyses revealed that this event

was Germany’s most severe fluvial flood since 1950 (Merz et al.,

2014) affecting 45% of the German river network (Schröter et al.,

2015). As a result, eight out of the 16 German federal states

declared a state of emergency (BMI, 2013 as cited in Thieken

et al., 2016a,b). As direct impacts, 14 people were reported dead

and direct losses summed up to EUR 8 billion, from which

around 19% were allocated to industry and commerce (Thieken

et al., 2016b). In addition, business interruptions and traffic

disruption caused further (indirect) impacts (Thieken et al.,

2016b).

After 2013, heavy pluvial and flash floods occurred at

different places across Germany causing considerable damage.

On 28 July 2014, the city of Münster in North Rhine-Westphalia

witnessed torrential rainfall of up to 292mm in 7 h due to

incoming hot and humid air that collided with a cold front. The

event flooded almost the whole city with 310,000 inhabitants

and caused insured losses of more than EUR 70 million

(Spekkers et al., 2017); two people died. While this event was

mainly localized around Münster, a series of severe and just

slowly moving convective storms hit several places in Germany,

particularly Braunsbach in Baden-Württemberg and Simbach in

Bavaria, from 26 May to 9 June 2016 (Piper et al., 2016). Intense

rainfall of more than 100mm within 24 h (Piper et al., 2016) or

even within just 2 h in Braunsbach (Bronstert et al., 2017) caused

devastating flash floods with overall losses of EUR 2.6 billion

(Munich Re, 2017); 11 people lost their lives. In 2017, heavy

rain events again caused considerable damage in Lower-Saxony,

Brandenburg, and Berlin (Dillenardt et al., 2022).

An overview of the hydrological and financial impacts of the

studied floods is provided in Table 1. The material and methods

section below builds on a survey dataset based on experiences in

relation to these flood events.

Materials and methods

Between 12 May and 17 July 2014, businesses that had

suffered (financial) flood damage from the 2013-event were

surveyed on their impacts, adaptation strategies and further

topics, i.e., around one year after the flood. Potentially affected

premises were called by a sub-contracted pollster and were

guided through a standardized questionnaire (also called

computer-aided telephone interviews—CATI). To retrieve the

phone numbers, lists of affected streets and zip codes were

compiled based on information from affectedmunicipalities and

flood reports as well as by an intersection of street maps with

inundation areas. Big businesses that were explicitly reported

affected in flood documentations were added to the sample.

The questionnaire had been adapted from former surveys (see

Kreibich et al., 2007; Thieken et al., 2017) and contained around

90 questions on the following topics:

- Business characteristics (sector, number of employees,

number of buildings, assets, perceived vulnerability with

regard to flooding, etc.,);

- Hydraulic characteristics of the flood at the

business premise;

- Flood warnings and response (emergency measures);
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- Contamination and clean-up work;

- (Financial) flood damage (to buildings, operational

facilities, merchandise, products, and warehouse

inventory, motor vehicle inventory; due to interruptions

of operations);

- Reconstruction, compensation, plans to relocate;

- Previously experienced floods;

- Long-term preventive or protective measures at the site of

the premise.

In total, 557 interviews across nine federal states were

completed (see Thieken et al., 2016b). 35% (n = 197) of the

surveyed businesses were located in Saxony, 24% (n = 133) in

Saxony-Anhalt, 21% (n= 119) in Thuringia, and 16% (n= 88) in

Bavaria. This pattern reflects the severity and extent of the flood.

Companies affected by pluvial or flash floods between 2014

and 2017 were surveyed from 17 October to 21 November 2017

using the same questionnaire; questions were partly rephrased

to better address the different flood type. Since flooding was

more localized, it was challenging to identify affected businesses.

Despite huge efforts, just 103 cases were gathered, of which 12

businesses were affected in 2014, 7 in 2015, 75 in 2016, and

another 9 in 2017.

Classifications of adaptation strategies

All surveyed businesses were assigned to different adaptation

strategies based on the following six groups of strategies

that were originally proposed by Neise and Revilla Diez

(2019): proactive adaptation, reactive adaptation, relocation,

surrendering, depending, and collaboration (see below). This

classification directly addresses flood risk and therefore it stands

out from other typologies that rather focus on impacts of climate

change in general (Neise and Revilla Diez, 2019). In adapting

this group classification to our study, we assume that each group

is mutually exclusive, i.e., a business can be allocated to one

group based on the dominate activity they employ. In doing

so, we find the following modified classification groups best fit

our dataset: proactive, reactive, reactive and proactive, relocation

and passive. These strategies will be further characterized below;

an overview of each group’s characteristics is provided in Table 2.

Neise and Revilla Diez (2019) define the proactive

adaptation strategy as corresponding to businesses that are well-

informed and active regarding flood risk and their options to

limit flood damage. These businesses lower their vulnerability

by implementing long-term adaptation measures, e.g., water

barriers in and around the building or a flood adapted building

use. In this study all businesses were assigned to the proactive

strategy that implemented at least one of (and only) the listed

long-term measures (Table 2) before the flood that we find best

fits to the definition of Neise and Revilla Diez (2019).

TABLE 2 Overview of the adaptation strategies.

Strategy Description Included measures

Proactive Businesses that reduce their

vulnerability by

• acquisition of stationary or

mobile water barriers,

implementing only

long-term adaptation

• installation of

backflow preventer,

measures before the flood • flood adapted building use,

• securing of dangerous

substances (e.g., chemicals),

• securing the oil tank / switching

to another heating system,

• anchoring tanks and silos,

• sealing air conditioning /

ventilation system,

• improve flood resistance of the

building (e.g., sealing

the basement)

Reactive Businesses that rely on

short-term emergency

measures only

• undertaking emergency

measures before or during the

flood (e.g., pumps, emergency

power generators, moving

equipment to higher ground)

Proactive and

Reactive

Businesses that jointly

undertake proactive

measures and emergency

measures

• at least one long-term measure

(see “Proactive”) and emergency

measures (see “Reactive”)

Relocation Businesses that move to

another region with lower

flood risk

• business relocated to a

flood-proof region or had

planned to do so within the next

six months

Passive Businesses that do not

implement measures to

lower flood risk nor relocate

• no proactive or reactive

measures, no relocation

The reactive group is less flexible with respect to changing

flood patterns and relies on short-term emergency measures

(e.g., pumps) and established routines (Neise and Revilla Diez,

2019). Undertaking emergency measures before or during the

flood, but no precautionary action, therefore was the decisive

factor for a business to be assigned to the reactive strategy.

It is also possible that these two strategies co-exist.

Therefore, the group reactive and proactive was formed

by businesses that use both proactive and reactive

adaptation strategies.

The relocation group includes all businesses that already

moved at the time of the interview from the place where they

had been hit by the flood or that planned to do so within the

next six months.

Furthermore, there are businesses that do not undertake

adaptive measures themselves. Neise and Revilla Diez (2019)
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distinguish “depending” from “surrendering” businesses. The

businesses that fall into the “depending” group rely on regional

flood protection, aid from external stakeholders (e.g., insurance)

or financial aid from public institutions after a flood event

(Neise and Revilla Diez, 2019). Businesses in the “depending”

group confirmed the employment of at least one of these factors

in the interview and did not implement any damage-reducing

measures. If a business did not fit into any of the before

mentioned groups it was assigned to the surrendering strategy,

also called the “wait-and-see”-strategy (Neise and Revilla Diez,

2019). These businesses have neither implemented any of the

investigated measures to limit flood risk, nor have they indicated

that they feel protected by other structures such as regional flood

protection. After allocating businesses of our data sets to these

groups (depending, and surrendering), their sample sizes were

small. Therefore, both groups were merged for data analysis and

form the passive strategy because both strategies indicate that the

businesses do not actively reduce their flood risk though slightly

different in focus.

Finally, Neise and Revilla Diez (2019) define the

collaboration strategy, which is characterized by the fact

that these firms prefer to use their resources to support

joint protection measures with other businesses or public

institutions, rather than adapting individually to protect

everyone effectively. For example, neighboring businesses could

collect money to build a flood barrier for the whole street (Neise

and Revilla Diez, 2019). Since the questionnaire did not address

collaborative flood protection measures, this strategy was left

out of the analysis.

Data analysis

Theoretical basis for explanatory variable
selection

There are several influencing factors that have already been

identified to explain flood preparedness of private households

or individual adaptation strategies against flood hazard. In the

context of this work, the most important of these factors are

analyzed in relation to the adaptive behavior of businesses.

The Protection Motivation Theory (PMT) from Rogers

(1975) has been used in the context of flood protection in

various studies (e.g., Grothmann and Reusswig, 2006; Bubeck

et al., 2012, 2018). Two main components that influence the

response to a hazard were identified: threat appraisal and coping

appraisal. Several studies (Takao et al., 2004; Kreibich et al.,

2005; Siegrist and Gutscher, 2006; Thieken et al., 2006, 2007;

Lindell and Hwang, 2008; Dillenardt et al., 2022) found that

threat appraisal, which includes the perceived flood probability

and the perceived severity of a flood, is unreliable to predict

whether adaptive measures are carried out or not. This is

primarily the result of cross-sectional survey design, in which

a respondent is asked for their risk perceptions after having

potentially implemented adaptive behaviors, which alter their

risk perceptions from their pre-adaptive levels (Bubeck et al.,

2020). Additionally, the threat appraisal factor was not fully

covered by the survey (i.e., only the perceived probability

component and not the perceived impact element). Therefore,

while threat appraisal is part of PMT, we have elected to omit

threat appraisal as a consideration in the following data analysis.

This is due to the potential measurement error that the two

aforementioned problems could introduce into our analysis.

Instead, perceived self-efficacy, perceived response efficacy and

perceived response costs were considered as three factors of

coping appraisal. According to Grothmann and Reusswig (2006)

these variables have significantly higher explanatory power for

private adaptive behavior than perceived risk of flooding when

using cross-sectional data.

Furthermore, PMT can be extended by additional variables

that help explain adaptive behavior. Former studies found that

experience with floods is a significant driver to lower flood

risk (e.g., Grothmann and Reusswig, 2006; Botzen et al., 2019;

Kuhlicke et al., 2020a). Similarly important is the ownership of

the building. For private households tenants are less motivated

to implement adaptive measures than owners because the

financial consequences are lower for them and they do not have

the authority to implement changes to the building (Kreibich

et al., 2005; Thieken et al., 2007; Bubeck et al., 2012; Dillenardt

et al., 2022). Moreover, for businesses Neise and Revilla Diez

(2019) found connections between business size and adaptation

strategies. Large businesses are more likely to adopt a proactive

strategy or move to another region, whereas smaller businesses

tend to adopt a reactive strategy or surrender. These three

variables are hence included in our data analyses.

Correlation and regression analyses

To investigate connections between the choice of an

adaptation strategy and possible factors influencing that choice,

correlation analyses were carried out for all five adaptation

strategies in combination with the core PMT variables that were

described above (perceived response costs, response efficacy,

self-efficacy) and the variables previous flood experience,

business size (in terms of the number of employees) and

property ownership. Table 3 summarizes how these variables

were defined in the dataset.

The correlation of the variables experience, perceived

response costs, response efficacy, and self-efficacy with the

adaptation strategies of the businesses was calculated after

Spearman-Rho. Furthermore, the variable ownership was

analyzed with a contingency table and the Phi-correlation-

coefficient. In this study the number of employees was used as

an indicator for business size and correlations were tested with

Pearson correlation coefficients.

For a closer examination of possible influences on adaptive

behavior, a binary logistic regression analysis was carried out for
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TABLE 3 Overview of the analyzed variables.

Variable Corresponding question Definition in

dataset

Experience Has the business location been 0–no

flooded before? 1–once

2–twice

3–three times or

more

Perceived response Preventive measures for businesses 1–don’t agree at all

costs are too expensive. 2

3

4

5

6–totally agree

Perceived response Operational preventive measures 1–don’t agree at all

efficacy can significantly reduce 2

flood damage. 3

4

5

6–totally agree

Perceived

self-efficacy

Our business does not feel able to

implement any preventive

1–totally agree

2

measure. 3

4

5

6–don’t agree at all

Business size How many people were employed

at the flood-affected facility at the

time of the flood?

Total number

Ownership Are the buildings or rooms owned 0–Owner

by the business or are they rented? 1–Tenant

each adaptation strategy in addition to the correlation analyses.

The selected adaptation strategies are the dependent variable

in each case. The same factors as in the correlation analysis,

namely experience, perceived response costs, perceived response

efficacy, perceived self-efficacy, business size and property

ownership were examined as independent variables.

Results and discussion

Distribution of adaptation strategies

Figure 1 provides an overview of adaptation strategies that

the surveyed businesses choose to protect themselves against

flood damage.

Regarding Figure 1A by far the largest share of the businesses

(376; 68%) belongs to the group proactive and reactive.

Accordingly, most businesses pursue amixed form of a proactive

and a reactive strategy. They have already limited possible

damage before the flood with structural precautionary measures

or with adapted building use. However, they still had to become

active during the flood and conduct further emergencymeasures

to reduce the damage. Only very few businesses (8; 1%), on

the other hand, could be assigned to the exclusively proactive

strategy (Figure 1A), in which the businesses no longer acted

during the flood event. The two aforementioned groups have

reduced their vulnerability and took long-term precautionary

measures before the flood. In comparison, most businesses (41;

39%) pursue a proactive strategy in Figure 1B whereas only

12% of the businesses are in the proactive and reactive group.

This could be explained by assuming that there is generally

less time for a spontaneous response in a pluvial or flash flood

than in a riverine flood due to differences in warning lead

times. In addition, the difference in the share of businesses that

were assigned to the proactive group in both data sets may be

accounted by conducting the second survey again at a later date

and different locations.

Furthermore, the reactive strategy represents the second

largest group (96; 17%) in the distribution of adaptation

strategies in Figure 1A (2013-flood). In Figure 1B the share of

businesses within this group (pluvial/flash floods) is slightly

smaller (10; 10%). These businesses did not act in advance,

but only during the flood using emergency measures. They try

to protect their building from flood damage, but they could

take further steps to be more prepared by also employing more

proactive adaptation strategies as well if they have the authority

to do so.

A further 40 businesses (7%) were grouped as passive

(Figure 1A) and did not actively try to reduce flood damage. The

share of this group is significantly larger (38; 37%) in Figure 1B.

This supports the assumption that in case of pluvial or flash

floods businesses might not have had enough time to react

and therefore most businesses either proactively implemented

protective measures in advance or did not protect themselves at

all. Maybe this result also indicated that risk awareness regarding

pluvial flooding is less developed. Another explanation for

differences between the data sets might potentially be the

business sector, which is not included in this study, and which

should therefore be explored in further studies.

In both data sets a relatively small share of businesses (7% in

Figure 1A and 2% in Figure 1B) had already relocated or planned

to do so within the next six months after the survey. The small

sample size in the relocation group might be due to a problem

with the data collection. If the businesses had already moved to

another region to limit flood risk before the time of the survey,

it is difficult to locate them for a survey afterwards. According

to Neise and Revilla Diez (2019), one reason for businesses to

stay in the flood-prone area could be the regional network with

customers and business partners that the businesses do not want

to leave. Jehmlich et al. (2020) found similar indications based on

semi-structured interviews and survey data. Since the influence

of the social and economic environment on the adaptation
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FIGURE 1

Absolute and relative frequencies of the adaptation strategies chosen by the businesses damaged by the flood (A) 2013 (n = 557, source: survey

2014), (B) 2014–2017 (n = 103, source: survey 2017).

TABLE 4 Spearman-Rho-coefficients for possible drivers of precautionary behavior and adaptation strategies (n = 557, data: businesses in Germany

damaged by the 2013 flood).

Adaptation Strategy

Variable Proactive Proactive and Reactive Reactive Relocation Passive

Experience −0.067 0.24** −0.096* −0.006 −0.27**

Perceived response costs −0.001 −0.12** 0.15** −0.017 0.014

Perceived response efficacy −0.045 0.11* −0.060 −0.024 −0.067

Perceived self-efficacy 0.062 0.18** −0.14** −0.065 −0.092*

n 8 376 96 37 40

*p < 0.05 and **p<0.01.

strategies of the businesses could not be illuminated in this study,

there is a starting point for further research to investigate this

aspect. For this purpose, it could be specifically analyzed which

reasons are decisive for businesses to maintain their business

location in a flood-prone area.

Drivers for adaptive behavior of the
businesses

Correlation results

To gain first insights into drivers behind adaptation

strategies among the businesses, correlation analysis was carried

out. Tables 4, 5 show the results of the rank correlation analysis

used for the factors experience, perceived response costs,

perceived response efficacy, and perceived self-efficacy.

In case of the 2013 flood no statistically significant results

could be found for the exclusively proactive strategy due to small

TABLE 5 Spearman-Rho-coefficients for possible drivers of

precautionary behavior and adaptation strategies (n = 102, data:

businesses in Germany damaged by pluvial floods 2014-2017).

Adaptation Strategy

Variable Proactive Proactive Reactive Passive

and

Reactive

Experience 0.09 −0.01 −0.006 −0.09

Perceived response costs −0.06 0.004 −0.005 0.04

Perceived response efficacy 0.06 0.002 −0.01 −0.07

Perceived self-efficacy 0.19 0.07 0.21* −0.39**

n 41 13 10 38

*p < 0.05 and **p < 0.01.

sample size (n = 8); the same holds for the relocation strategy

(Table 4).
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TABLE 6 Distribution of business size with class division of the number of employees and Pearson correlation coefficient without class division of

the number of employees (n = 549, data: businesses in Germany damaged by the 2013 flood).

Adaptation Strategy

Business size Proactive Proactive and Reactive Reactive Relocation Passive Total

Small

(1–10 employees)

4

(50.0%)

251

(67.7%)

76

(80.0%)

28

(75.7%)

31

(81.6%)

390

Medium

(11–100 employees)

4

(50.0%)

106

(28.6%)

18

(18.9%)

8

(21.6%)

6

(15.8%)

142

Large

(>100 employees)

0

(0%)

14

(3.8%)

1

(1.1%)

1

(2.7%)

1

(2.6%)

17

Total (100%) 8 371 95 37 38 549

Pearson

correlation-coefficients

−0.010 0.073 −0.066 −0.007 −0.024

*p < 0.05 and **p < 0.01.

For the variable flood experience, there is a significant

positive correlation with the proactive and reactive group and a

negative correlation with the groups reactive and passive. This

means that businesses with more flood experience tended to

better protect themselves proactively. In the groups proactive

and reactive and passive, the correlation with previously

experienced floods is the strongest of all factors. Accordingly, the

motivation for a more proactive adaptation behavior increases

with increasing flood experience. Due to the relatively small

sample size in the passive strategy the results for this group

must be viewed with caution and cannot be unconditionally

transferred to other businesses or affected regions.

A positive correlation with the variable perceived response

costs means that businesses perceive costs of mitigation

measures against flood damage to be too high. Accordingly,

such an investment tends to be seen as too expensive by

businesses with a reactive adaptation strategy. This can be seen

in the positive correlation, which is the strongest among all

factors in this strategy (Table 4). Businesses in the proactive and

reactive group on the other hand are more likely to perceive

precautionary measures as affordable, which is shown by a

negative correlation with the cost variable. For the passive

strategy there is no significant correlation with this item.

Regarding the variable perceived response efficacy, there

is only a significant positive correlation with the adaptation

strategy proactive and reactive (Table 4). Accordingly, the

businesses in this group rate the effectiveness of property-

level adaptation measures against flood damage higher than

businesses that choose a different strategy.

The groups reactive and passive perceive their self-efficacy

to be lower than the proactive and reactive group (Table 4). This

means that the former feel less able to carry out precautionary

measures, which can be seen in the negative correlation with

this item. Businesses with a more proactive strategy, on the other

hand, tend to see their ability to protect themselves against floods

as higher.

The results for the 2014–2017 flash flood data set (Table 5)

show only two significant correlations between the variable

perceived self-efficacy and the strategies reactive (positive

correlation) and passive (negative correlation). Businesses that

are in the reactive group tend to rate their self-efficacy higher

than businesses in the passive group. Combining this with the

result of the 2013 data set it can be assumed that the perceived

self-efficacy is an important driver for businesses to become

active and at least try to protect the business from flooding in

case of an event.

Due to the small sample size of the strategy relocation in this

data set no correlation analysis was carried out for this group.

Tables 6, 7 show the absolute and relative frequencies of

the adaptation strategies, divided into three classes of business

size. In addition, the tables also contain the Pearson correlation

coefficients, which were calculated without the class division of

the business size. The class division was not retained for the

correlation analysis because the number of large businesses is

very small.

No significant correlation could be found between the size

of the business and the various adaptation strategies based on a

Pearson correlation analysis in both data sets (Tables 6, 7).

Most of the businesses surveyed are smaller businesses

with a maximum of 10 employees. Less than half of the

businesses are medium-sized and very few are large. A

positive or negative effect of business size on flood risk

adaptation cannot be observed. This might be due to

the unequal distribution of small and larger businesses.

Furthermore, the results must be viewed with caution

due to the relatively small sample size and cannot

be unconditionally transferred to other businesses or

flood regions.
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TABLE 7 Distribution of business size with class division of the number of employees and Pearson correlation coefficient without class division of

the number of employees (n = 100, data: businesses in Germany damaged by pluvial floods 2014-2017).

Adaptation Strategy

Business size Proactive Proactive and Reactive Reactive Passive Total

Small

(1–10 employees)

31

(75.6%)

8

(61.5%)

7

(70.0%)

31

(81.6%)

77

Medium

(11–100 employees)

10

(24.4%)

4

(30.8%)

3

(30.0%)

5

(13.2%)

22

Large

(>100 employees)

0

(0%)

0

(0%)

0

(0%)

1

(2.6%)

1

Total (100%) 41 12 10 37 100

Pearson

correlation-coefficients

0.01 −0.02 0.03 −0.006

*p < 0.05 and **p<0.01.

TABLE 8 Contingency table for ownership of the building and the chosen adaptation strategy of the businesses with phi correlation coefficients (n

= 542, data: businesses in Germany damaged by the 2013 flood).

Adaptation Strategy

Ownership Proactive Proactive and Reactive Reactive Relocation Passive Total

Owner (0) 4

(57.1%)

235

(64.4%)

31

(32.6%)

10

(27.0%)

16

(42.1%)

296

Tenant (1) 3

(42.9%)

130

(35.6%)

64

(67.4%)

27

(73.0%)

22

(57.9%)

246

Total (100 %) 7 365 95 37 38 542

Correlation-coefficients −0.006 −0.28** 0.20** 0.15** 0.069

*p<0.05 and **p<0.01.

TABLE 9 Contingency table for ownership of the building and the chosen adaptation strategy of the businesses with phi correlation coefficients (n

= 101, data: businesses in Germany damaged by pluvial floods 2014-2017).

Adaptation Strategy

Ownership Proactive Proactive and Reactive Reactive Passive Total

Owner (0) 25

(61.0%)

7

(53.8%)

7

(70.0%)

11

(29.7%)

50

Tenant (1) 16

(39.0%)

6

(46.2%)

3

(30.0%)

26

(70.3%)

51

Total (100 %) 41 13 10 37 101

Correlation-coefficients −0.19 −0.03 −0.13 0.30**

*p<0.05 and **p<0.01.

Tables 8, 9 show the contingency table with Phi-correlation-

coefficients of the adaptation strategies and the variable

ownership. The percentage of owners and tenants is given per

adaptation strategy (per column).

The binary variable of ownership is coded 0 for owner

and 1 for tenant. In total, 296 surveyed businesses in the 2013

data set are owners, and 246 businesses are tenants. Due to

missing information, only 542 of the 557 businesses surveyed

were considered (Table 8).

Within the strategies proactive and passive, the

shares of owners and tenants differ only slightly. Within

the proactive group the share of owners is slightly

higher whereas the share of tenants is higher within

the passive group. In the correlation analysis, no
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statistically significant result could be found for either

group (Table 8).

The shares of the two groups (tenants and owners) differ

more clearly for the strategies proactive and reactive, reactive

and relocation. Within the reactive adaptation strategy and

the relocation strategy, about one third of the businesses are

owners and two thirds of the businesses are tenants. For both

strategies there is a significant positive correlation (Table 8),

which illustrates that tenants are more likely to choose reactive

adaptive behavior or relocation than owners. In contrast, in the

group proactive and reactive about one third of the businesses

are tenants and two thirds are owners. This is reflected in the

significant negative correlation (Table 8).

In the 2014–2017 data set, 50 businesses are owners and 51

are tenants (Table 9). In the proactive group and the reactive

group there are more owners than tenants. Within the proactive

and reactive strategy the distribution is almost equal (Table 9). In

contrast, the share of tenants in the passive group is higher than

the share of owners. Furthermore, the passive strategy is the only

one in Table 9 that shows a significant positive correlation. This

means that in this case tenants show passive behavior more often

than owners.

Regression results

Due to the low sample size it is unlikely that reliable

correlations could be observed for the strategies proactive,

relocation and passive in case of the 2013 flood data set.

Regarding the data set of the 2014–2017 flash floods, the

same holds for the strategies proactive and reactive, reactive,

and relocation. Therefore, we focus the regression analysis of

the 2013 data on the strategies proactive and reactive, and

reactive and the regression analysis of the 2014–2017 data

on the strategies proactive and passive. Tables 10, 11 show

the regression coefficients (B), the odds ratio [Exp (B)] and

the corresponding probability values (p) of the binary logistic

regression models for the adaptation strategies.

In Table 10 there is a clear difference between the proactive

and reactive group and the exclusively reactive group regarding

the variable “flood experience.” As already shown in the

correlation analysis, experience with previous flood events has

a positive effect on more proactive behavior. With increased

experience, the probability also increases that a business can be

assigned to the proactive and reactive group and thus protects

itself against flood damage in the long term. The effect that more

experience increases the motivation to mitigate flood exposure

has been observed similarly for private households by Thieken

et al. (2007) with regard to the 2002 flood in Germany. On the

other hand, no significant correlation can be observed for flood

experience in the case of the reactive strategy (Table 10) and in

the case of the strategies proactive and passive (Table 11).

The variable ownership plays a potentially major role in

all regression models. Owners tend toward a more proactive

TABLE 10 Influence of various factors on adaptation behavior (data:

businesses in Germany damaged by the 2013 flood).

Adaptation Strategy

Proactive Reactive

and Reactive

Variables B p Exp (B) B p Exp (B)

Constant −0.57 0.24 0.57 −0.38 0.50 0.68

Experience 0.44 <0.001 1.54 −0.21 0.11 0.81

Perceived response costs −0.12 0.073 0.88 0.12 0.15 1.13

Perceived response efficacy 0.10 0.11 1.11 −0.08 0.28 0.92

Perceived self-efficacy 0.11 0.09 1.12 −0.17 0.03 0.85

Ownership −1.13 <0.001 3.09 0.98 0.001 0.38

Business size 0.002 0.53 1.00 −0.022 0.67 1.00

No. observations 435

Bold values: p < 0.1.

TABLE 11 Influence of various factors on adaptation behavior (data:

businesses in Germany damaged by pluvial floods 2014-2017).

Adaptation Strategy

Proactive Passive

Variables B p Exp (B) B p Exp (B)

Constant −0.33 0.75 0.72 0.26 0.82 1.29

Experience −0.08 0.70 0.92 0.12 0.65 1.12

Perceived response costs −0.02 0.92 0.99 −0.09 0.57 0.91

Perceived response efficacy −0.02 0.89 0.98 0.08 0.60 1.08

Perceived self-efficacy 0.09 0.48 1.09 −0.37 0.005 0.69

Ownership −0.94 0.06 0.39 1.25 0.02 3.50

Business size 0.03 0.30 1.03 −0.03 0.32 0.97

No. observations 88

Bold values: p < 0.1.

strategy (Tables 10, 11). As was mentioned before, this can be

explained by tenants having lower financial risks and limited

scope to act compared to owners (Kreibich et al., 2005; Thieken

et al., 2007; Bubeck et al., 2012).

Smaller effects (p < 0.1) are also recognizable in the

regression model for the strategy proactive and reactive

(Table 10) regarding the factors perceived response costs and

perceived self-efficacy (cf. Table 10). Businesses assigned to the

proactive and reactive group aremore likely to see precautionary

measures against flood damage as affordable. In addition,

Neise and Revilla Diez (2019) found that most businesses that

pursue a reactive strategy have a lower financial capacity than

businesses within the proactive group and therefore fear a

reduction in competitiveness if they invest into flood protection.

Furthermore, businesses within the proactive and reactive group

tend to rate their own self-efficacy higher. In the reactive
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group (Table 10), the relationship to perceived self-efficacy

is reversed. When businesses pursue this strategy, they rate

their abilities to protect themselves against floods lower. This

effect is even stronger regarding the passive strategy (Table 11).

This result indicates similarities with the flood adaptation

behavior of private households. Bubeck et al. (2012) report

that coping appraisal is a very important and decisive variable

in determining whether a private household implements

adaptation measures against floods. To support businesses in

flood preparedness, more attention should therefore be paid to

promoting their own competencies to better protect themselves.

Financial support from the government for the purchase of flood

protection measures could also be a motivation for businesses

to act more proactively. This conclusion was also reached

by Kreibich et al. (2011) in their investigation of the cost-

effectiveness of preventive measures taken by private households

against flood damage. Regarding perceived response efficacy, no

significant effect is observable in either regression model.

When looking at business size, Neise and Revilla Diez (2019)

observation that larger businesses act more proactively, whereas

smaller businesses tend to adapt reactively or to capitulate could

neither be proven with statistically significant correlations nor

with the regression models. This could be due to the nature of

the sample, as only very few large businesses were surveyed.

Further research is needed to investigate this relationship in

more depth to find out whether supporting offers to reduce flood

risk should be tailored differently to small and large businesses.

This would require including larger flood-affected businesses in

the survey to be able to make reliable statements about their

adaptation choices.

Overall, the results reflect behavioral patterns that are

known from research on flood adaptation of private households.

Experience with previous floods, and a positive assessment

of coping capacity and costs increase the motivation of

businesses to act more proactively. However, just as with private

households, being a tenant and not an owner of the property

reduces the ability to implement proactive measures.

Conclusion

This work supports the assumption that businesses pursue

different strategies to adapt to flood risk in their region. The

classification of adaptation strategies by Neise and Revilla Diez

(2019) proves to be applicable. It could largely be applied to

the businesses surveyed after floods in Germany and revealed

different dominant strategies for different flood types (Figure 1).

However, it is noticeable that the strategies cannot always be

clearly distinguished from each other. Regarding the question

which strategies businesses in Germany that had been damaged

by different flood events between 2013 and 2017 chose to adapt

to flood risk we found that in addition to businesses opting for

an exclusively proactive or an exclusively reactive strategy, many

businesses make a compromise between these two strategies.

Furthermore, the main strategies in both data sets are different.

While the proactive and reactive group predominates within the

2013 flood data set, the 2014–2017 flood data set is dominated

by the proactive and the passive strategy.

In both cases, many businesses have lowered their

vulnerability with long-term, proactive measures on the

building. Nevertheless, especially regarding extreme events,

there is still great potential to optimize and expand existing

precautions and routines. This is especially true as they receive

relatively less focus as compared to private households and

individuals. However, businesses play an important role for

the recovery and long-term wealth of a flood-affected region.

Therefore, strengthening their adaptation capabilities should

deserve more attention.

In this context, experience with floods has emerged as

an important factor influencing the motivation to adapt.

Thus, it is recommended to support especially inexperienced

businesses more strongly in implementing precautionary

measures. Communicating costs, efficiencies, and “how-to-

implement”-guidelines could foster adaptation, since it was also

found that perceived response costs play a role in the choice of

adaptation strategy. Accordingly, the willingness of businesses to

invest into long-term protection could be increased by making

public funds available to subsidize such measures. However,

appropriate preparedness for potential flood impacts is not

only a question of experience and perceived response costs,

but also of the business’s capabilities. These capabilities should

be strengthened so that more businesses feel able to act with

foresight in the future. Businesses should be offered individual

advice on what they can do (even with limited resources) to

make their business location more flood-proof and what specific

steps they need to take to do so. A free or low-cost consultancy

service with experts who come to the business location and

draw up an individual precautionary plan could be helpful

for this. This is like suggestions for private households and

individuals, potentially leading to positive synergies with a single

effort. Furthermore, the perceived self-efficacy of businesses

could be increased by sharing success stories of comparable

businesses that already adapted. This would likely encourage

many businesses to adapt more proactively.

In addition to individual adaptation, building communities

of businesses that support each other regarding flood risk

management might help to protect everyone more effectively.

For example, see Winkler et al. (2022) who suggest that

mentorships between SMEs with differing flood experiences

could prove a fruitful avenue for reducing the vulnerability

of SMEs to flooding. This is an example of one type of

collective activity that businesses could undertake, another is

the collective investment in flood defenses that go beyond

the means of a single actor (e.g., see Neise and Revilla Diez,

2018). However, further research is needed to investigate the

influence of the social environment and interactions with other
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businesses or chambers, as well as business size, on adaptation

behavior. For this, more large businesses need to be surveyed

about their adaptation. Additionally, the survey should include

specific questions on cooperation with other businesses or public

institutions in matters of flood risk reduction as well as the wider

social context and expectations a company acts in.

This work is an initial exploratory analysis and can be

seen as a starting point for similar, larger, studies that can

focus more intense on these aspects. It provides indications of

how businesses that were damaged by different flood events in

Germany have adapted to flood risk and identifies which out of

a commonly perceived set of important factors might have the

stronger influence on adaptation strategies of businesses.
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