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Abstract: Flood risk assessment is used to estimate the expected consequences and probability of
a flood. It leads to the strengthening of resilience through appropriate preparation for an event of
a specific scale. The methodology described in this paper was developed by the authors for the
purposes of flood risk assessment in Poland, introduced to and applied on an actual example. It
is based on simple calculations and a comparison of the results with a template. All of the data
required for calculation came from freely available sources. Therefore, it is essential to evaluate
the effectiveness of the flood risk assessment methodology in improving construction safety and
identifying the factors that influence its implementation. The approach presented in this article is
based on implementation of the parameters of floods, describing the characteristics of the exposed area
and human vulnerability, among other factors, to the national risk assessment methodology, and then
using it to determine the directions of activities aimed at reducing the risk of flooding. Simultaneously,
assessment of these parameters might not be related directly to flood threats, but rather to the broader
approach to risk assessment, including other threats. As a result of the application of the described
methodology, it was estimated that the flood risk in the studied area is catastrophic, which requires
immediate decisions of people responsible for safety.
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1. Introduction
High repeatability of floods in Europe, climate changes, large losses caused by historical floods, and numerous forecasts indicate that European countries may again (and
repeatedly) be affected by floods in coming years, creating the need for continuous study of
this phenomenon, for the needs of better planning for flood protection [1]. Flood protection
means both technical solutions (e.g., soil conservation, reforestation, construction of dams,
reservoirs, and river embankments) and hydrological analyses for flood forecasting (e.g.,
probability of flooding and extent and height of flood wave) to provide information and
warning to the affected communities [2]. All flood protection measures should lead to a
reduction in flood risk and should minimize the consequences of floods. Therefore, the
assessment of the risks associated with flood hazards forms the basis of flood protection.
Risk assessments should be understood as a comprehensive, cross-sectional process of
risk identification, including analysis and estimation of risk by determining the probability
of various hazard scenarios and their potential consequences. This is followed by an evaluation and determination of priorities for action to reduce the level of risk to an acceptable
level by structural and nonstructural measures [3]. The method of risk management should
be defined by describing the structures and functions of each of its components (described
in Section 2) in the field of security management. The concept of risk is not new, and
attempts at probabilistic risk assessment for various threats date back to the first half of the
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20th century [4]. In the event of flood risk in Europe, attempts to develop a risk assessment
methodology were made at the beginning of the 21st century, owing to the introduction
of Directive 2007/60/EC of the European Parliament and of the Council of 23 October
2007 on the assessment and management of flood risks, which required EU Member States
to develop publicly available preliminary flood risk assessments, flood risk maps, and flood
risk management plans [5]. Detailed objectives and the provisions of flood risk assessments
are contained in the decision of the European Parliament and of the Council on a Union
Civil Protection Mechanism in Article 6 [6].
Despite the passage of more than 12 years since the directive was introduced, a review
of the literature indicates that new flood risk assessment methodologies are still under
development [7,8]. It is not uncommon for flood risk assessment methodologies to be
developed on a country-by-country basis [9–14]. The multiplicity of flood risk assessment
methodologies is also demonstrated by literature reviews carried out by authors [15–20].
Developing an interdisciplinary and comprehensive approach to flood risk assessment
ready for use in all EU Member States remains a challenge. This is probably due to
the fact that floods are local in nature and their course and risk are determined by local
conditions, such as population density, the use of valleys and flood plains, technical and
communication infrastructure (both in flood plains and those used to combat flooding),
and the effectiveness of flood protection systems. A fair risk assessment requires the use of
supporting and precise methods. Therefore, most methodologies require data that are not
always readily available, such as advanced quantitative forecasts of floods and knowledge
of the area assessed [21].
Poland is one of the European countries commonly and seriously affected by floods.
Most of Poland is located in the drainage basins of two large rivers: the Vistula (which
drainage basin covers 54% of the country’s area) and the Odra (34%) [22]. The most severe
floods in Poland occurred in 1997 (millennial flood) and 2010. As the financial losses
incurred as a result of these floods accounted for approximately 98.5% of the value of all
losses caused by different crisis phenomena in Poland, flood risk assessment is therefore
one of the overarching tasks in the crisis management process [23].
The aim of this study is to present a relatively universal, low-cost, and publicly
available data-based flood risk assessment methodology, as well as to provide a step by
step demonstration of how to implement it on a real example, i.e., a typical flood-exposed
Polish commune called Brańszczyk, located in the central part of the country (52◦ 370 3800 N,
21◦ 350 800 E) in Mazovia voivodeship in Wyszków district in the valley of the lower Bug
River. The choice of this municipality results from its location in the vicinity of the Bug
River and the historical conditions associated with the occurrence of floods in the area.
The most severe flood that occurred in the Brańszczyk commune was in 1979, and still
remembered by the local community. The fact that the Brańszczyk commune is exposed to
the effects of large floods, combined with local awareness of this phenomenon in society,
necessitates an analysis of this region in terms of assessing the maximum effects it may be
exposed to as a result of floods according to the “worst scenario rule”.
The basics of the risk assessment methodology used in this paper have been developed
by a team of scientists from Polish scientific and research units (The Main School of Fire
Service (including one of the manuscript authors), Academy of National Defense, Warsaw
University of Technology, and Scientific and Research Center for Fire Protection) on behalf of
the Government Centre for Security (Central public administration body in the field of crisis
management in Poland), as a part of a Polish development project called “Methodology of
risk assessment for the purpose of crisis managements systems in the Republic of Poland”
financed by the National Centre for Research and Development on the implementation of
projects in the field of research and development for national defense and state security
(agreement no DOBR/0077/R/ID3/2013/03) [24,25]. Part of the study during project
“Methodology of risk assessment for the purpose of crisis managements systems in the
Republic of Poland” was involved to develop a methodology for assessing the risk of
different threats classified in a catalogue of threats (including floods), adapted to the
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requirements of planning and programming documents governing the crisis management
system. The methodology that is the results of the above-mentioned project is based on the
best risk assessment practices in other countries (Sweden, Germany, Ireland, Canada, the
Netherlands, and the United Kingdom) [9–14], systematizes the concepts of risk assessment
and crisis management, and identifies databases that could be useful in the risk assessment
process. It does not require the creation of complex forecasts and calculations, but is instead
based on publicly available data. The methodology presents the general principles of risk
assessment and was prepared in a form that allows for its application to each hazard [24].
In this work, the authors adapted the above-mentioned methodology for the purposes of
flood risk assessment.
The added value of this publication is the fact that it can constitute a universal template
for the assessment of the flood risk, ready to be implemented at different levels of crisis
management, namely, local, regional, and national not only in Poland, but also in other
countries. The methodology presented in the paper is based on the already processed data
collected with the use of various solutions (e.g., remote sensing techniques or numerical
terrain models); therefore, it does not require specialized knowledge, analytical skills and
special hardware resources.
2. Methodology of Risk Assessment
The risk assessment methodology described in this paper is a complex process that
can be divided into five stages: preparation for risk assessment, hazard identification,
processes related to risk analysis, risk estimation and illustrated assessment in the form
of two matrices with criteria [24]. The different stages of risk assessment consist of many
semi-dependent steps, which are presented in Figure 1.
The preparation for performing a risk assessment begins with the establishment of a
team of risk assessment experts. The most important substantive action of this step is to
describe the protected entity. A protected entity should be understood as any good that
needs protection, including, in particular, human life and health, property, the environment,
and the functioning of society, taking into account the critical infrastructure, the processes
for the operation of the government on every level of management, and all other values
important from a cultural or economic point of view. The description of the protected
entity should include, in particular: information on the legal aspect, accounting for local
laws and internal regulations, geographical location, administrative division, geographical
characteristics (area and site description), characteristics of the local infrastructure, climatic
characteristics, population description, description of specific facilities, description of
critical infrastructure, responsiveness, and characteristics of the neighbors due to the
possibility of a risk transfer.
The second stage of a risk assessment is hazard identification. This step is necessary for
further risk analysis and for developing possible risk materialization scenarios. Identifying
threats requires answering the question: What bad can happen? The actions to be taken for
acquiring data to identify threats include:

•
•
•
•
•
•
•

Statistical data analysis;
Analysis of historical data;
Expert evaluation;
Field studies;
Diagnosis of the environment;
Field observations;
Use of the catalog of threats available, among others, in crisis management plans.

The process of hazard identification leads to the next step—risk analysis. An important
element of risk analysis is the construction of a descriptive scenario of the spread of threats.
A descriptive scenario allows not only to realize the scale of a dynamic threat and its
effects, but also the mutually related consequences of events (cascading succession of
events, where the effects of one are the root causes of the next). This is useful for identifying
the consequences, which are necessary for the qualitative and quantitative calculations
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implementation of the Floods Directive [5]. In this present report, the probability was
determined in the moment of creation flood maps and is once per 500 year (see Section 3.2).
The consequences of hazard materialization may be grouped into three areas of impact:
human, material and environmental, and sociopolitical effects. In each area of influence,
there are criteria that are assessed. In the “human effects” area, the following indicators are
assessed: number of dead, number of injured, and number of evacuees. The “material and
environmental effects” are assessed by financial and natural environmental (understood
as the affected surface of the environment) losses. In the group of “sociopolitical effects”
disturbances of everyday life (“well-being”), duration of this disturbance, and duration of
damage to critical infrastructure are assessed. In the risk impact assessment, it is extremely
important to determine these realistically according to the adopted scenario and to compare
them to scaled templates. The impact assessment based on these numerically evaluated
criteria (taken, e.g., from simulation or different models) must be compared with the
evaluation template of the specific criterion (included in Appendix A). After receiving
the results corresponding to the appropriate impact category, the data are compared with
a template that collects literal values corresponding to the individual numerical values.
This approach makes it possible to compare the risk assessments of different threats and
different scenarios with others.
In the risk assessment process, it is important to find and appoint methods that will
help in a more accurate way to assess the hazard effects. Following this assumption, in
order to estimate the number of deaths and injuries, the method described in [31] was
used in this work and implemented as the methodology of risk assessment for crisis
management. The overall estimation scheme of the method is shown in Figure 2. Based on
the methodology, there are three main sets of characteristics that determine the degree of
flood consequences [31]:

•
•
•

Flood characteristics (hazard rating)—depth, debris, and velocity;
Location characteristics (area vulnerability)—warning, nature of area/housing, and
speed of onset;
Population characteristics (human vulnerability)—age and health. An explanation
of this step in the real example is described in Section 3. The above steps lead to the
fourth stage of risk assessment—estimation.

Parallel with risk assessment, the systemic and supplementary factors should be assessed. Systemic factors are defined as system variables necessary to protect people from
threats, e.g., health protection and other protective systems operated by governmental
and local authorities. Supplementary factors, in turn, are defined as the sensitivity of the
community to the threat, in conjunction with resilience [32]. Systemic factors should be
linked with all systems built by the State to protect the security of its citizens. Supplementary factors, in turn, are related to the characteristics of the society and regions exposed to
threats. They are linked with the vulnerability and resilience of society to an assessed threat.
The aim of an assessment of systematic barriers is to estimate their reliability. The authors
of the methodology assumed the general assumption that the State has a duty to ensure the
security of its citizens. For this purpose, systems have been created (police, fire brigade,
civil defense, etc.), whose task is to protect people and whose effectiveness is determined
by statistics. The supplementary factors are used in the methodology to assess vulnerability
(human and environment). In such an approach, vulnerability should be understood as a
set of two elements: resilience and sensitivity [33]. In this way, the combination of resilience
and sensitivity creates a vulnerability of society to disaster. Resilience and sensitivity are assessed by defined qualitative vulnerability factors, e.g., place of residence, physical fitness,
social connections, age of society, and presence of critical objects. The relationship between
systemic and supplementary factors results from the natural possibility of strengthening or
weakening national security systems by community features.
The final stage of risk assessment methodology is risk illustration, in the form of two
matrices, risk and crisis situation risk [24]. A risk matrix provides an illustration of the
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thevalue
estimation
of was
the number
of account
injuries in
and
fatalities,
assessment
(Table
A1, Appendix
A).the
In calculations,
the estimation
studies,
it was to
assumed
to
the method
described
in [31]. For
it was
necessary
estimatethat
thefloods
popare notdepending
a threat that
many months
ofriver.
dysfunction
the infrastructure;
therefore,
ulation
oncause
the distance
from the
For thisin
purpose,
the data regarding
theit
was
assumed
that
evacuation
would
last
less
than
six
months.
population and the average distance of the town from the river bank were used, both of
next
step was
thethe
estimation
of maps
the number
injuries
fatalities,
according
whichThe
were
obtained
from
flood risk
(in thisofcase
ISOKand
system).
In the
case of
to
the
method
described
in
[31].
For
the
calculations,
it
was
necessary
to
estimate
the
the Brańszczyk commune, these data are shown in Appendix B.
population
depending
on
the
distance
from
the
river.
For
this
purpose,
the
data
regarding
In the first phase of the evaluation of the number of injured and fatal persons was
the population
and
the average
of the
town
from
the river
used, bothas
of
carried
out by an
assessment
of distance
the hazard
ratio
(HR).
Hazard
ratiobank
can were
be understood
which were obtained from the flood risk maps (in this case ISOK system). In the case of the
Brańszczyk commune, these data are shown in Appendix B.
In the first phase of the evaluation of the number of injured and fatal persons was
carried out by an assessment of the hazard ratio (HR). Hazard ratio can be understood as
the degree of risk caused by a flood event, resulting from the features characterizing the
flood risk. To assess the risk of hazard from a flood, it is necessary to take into account
three variables:

•
•
•

Depth;
Speed of the flood wave;
Contaminated debris factor (DF) (scale: 2 = certain, 1 = possible, 0 = impossible).
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All calculations were made in relation to the distance from the river bank. To assess
how many people are at what distance from the river, it was necessary to apply a simplification consisting in estimating the distance from the river to individual villages and taking
into account the number of people at risk of flood in these areas (see Appendix B). The
water depth and wave speed were also determined on the basis of information related to
the distance from the river. The results of the calculation for the commune of Brańszczyk
are shown in Table 1.
Table 1. Calculation of hazard ratio (HR).
Distance from
the River

Persons at Risk in
Area N(Z)

Depth of Water
(m) d

Speed of Waves
(m/s) v

Debris Factor
(DF)

Hazard Ratio
(HR) = d (v + 1.5) + DF

0–50
50–100
100–250
250–500
<500

0
124
421
0
289

4
3
2
1
0.5

2.5
2
1.5
1
0.5

2
1
0
0
0

18
11.5
6
2.5
1

Source: Authors’ estimation based on [31].

Next, it was necessary to assess the vulnerability of the area where threats occur. This
was carried out on the basis of three variables: characteristics of the flood area, speed of
the emergence of a threat, and warning in the event of a flood. The description of the
individual points characterizing a flood area is included in Table 2. The area vulnerability
(AV) scores for the Brańszczyk commune are presented in Table 3.
Table 2. Area vulnerability (AV) [31].
Parameter

1—Low-Risk Area

2—Medium-Risk Area

3—High-Risk Area

Flood warning 1

Effective tried and tested flood
warning and emergency plans

Flood warning system present
but limited

No flood warning system

Speed of onset

Onset of flooding is very
gradual (many hours)

Onset of flooding is gradual (an
hour or so)

Rapid flooding

Multistory apartments

Typical residential area
(two-story homes); (low-rise)
commercial and industrial
properties

Bungalows, mobile homes, busy
roads, parks, single-story
schools, campsites, etc.

Nature of area

2

Notes: 1 In this context, flood warning includes emergency planning, awareness, and preparedness of the affected
population, and preparing and issuing flood warnings. 2 High and low “nature of area” scores are intended to
reflect the judgment of the assessor as to whether there are particular features of the area in question that will
make people in the area significantly more or less at risk than those in a “medium-risk area.”

Table 3. Area vulnerability scores.
Distance from the
River

Flood Warning (FW)

Speed of Onset (SO)

Nature of Area (NA)

SUM = Area Vulnerability
= FW + SO + NA

0–50
50–100
100–250
250–500
<500

1
1
1
1
1

2
2
2
1
1

2
2
2
1
1

5
5
5
3
3

Source: Authors’ estimation based on [31].

Having calculated the AV and HR values, it is possible to calculate the percentage of
people in the analyzed areas exposed to flood risk and the total number of exposed people
(see Table 4).
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Table 4. Calculation of the number of people exposed to flood risk.
Distance from
the River

Persons at Risk
Area N(Z)

Hazard Ratio (HR)
= d (v + 1.5) + DF

Area Vulnerability
SUM

X (%)
= HR × AV

Total Number of
Exposed People N(ZE)

0–50
50–100
100–250
250–500
<500

0
124
421
0
289

18
11.5
6
2.5
1

5
5
5
3
3

90
57.5
30
7.5
3

0
72
127
0
9

Source: Authors’ estimation based on [31].

The last step was to calculate the number of deaths and injuries. This was achieved
by multiplying the number of people exposed to a flood risk (N(ZE)) by a Y factor, based
on the vulnerability of the people. Y is a function of two parameters: the presence of very
elderly people and those at increased risk of disability or disease [31]. Table 5 shows the
scale together with a description of the individual elements of the sensitivity assessment.
The value of the Y factor generated for the Brańszczyk commune is shown in Table 6.
Table 5. Vulnerability of people [31].
Parameter

10—Low-Risk People

25—Medium-Risk People

50—High-Risk People

The very old (>75)

% well-below national
average

% around national average

% well-above national average
(including areas with sheltered
housing)

The infirm/disabled/
long-term sick

% well-below national
average

% around national average

% well-above national average
(including hospitals)

Table 6. Generating the human vulnerability in the Brańszczyk commune.
Distance from the River

Very Old (>75) (Parameter 1)

Infirm/Disabled/Long-Term Sick (Parameter 2)

Y = 1 + 2 (%)

0–50
50–100
100–250
250–500
<500

25
25
10
10
50

10
50
10
25
25

35
75
20
35
75

Source: Authors’ estimation based on [31].

The number of people exposed to a flood risk multiplied by the value of Y leads to the
number of people injured as a result of floods. The number of deaths was calculated by
multiplying the number of people injured by the death rate being twice the HR factor [31]
(see Table 7).
Table 7. Total number of injuries and deaths.
Distance from
the River

Total Number of
Exposed People N(ZE)

Y = 1 + 2 (%)

0–50
50–100
100–250
250–500
<500
Total

0
72
127
0
9

35
75
20
35
75

Number of Injuries
NI = N(ZE) × Y

Mortality Rate
MR = 2 × HR (%)

Number of Deaths
ND = NI × MR

0
54
26
0
7
87

36
23
12
5
2

0
13
4
0
1
18

Source: Authors’ estimation based on [31].

As with the assessment of the number of evacuated people, in the next step, the
injury and death values should be compared, as per [31], with the template derived

100–250
250–500
<500
Total
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127
0
9

20
35
75

26
0
7
87

12
5
2

4
0
1
18

Source: Authors’ estimation based on [31].
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As with the assessment of the number of evacuated people, in the next step, the injury
and death values should be compared, as per [31], with the template derived from the
from
the national
risk assessment
methodology
crisis management
(MOR)
[24] (see
national
risk assessment
methodology
for crisis for
management
(MOR) [24]
(see Tables
A2
Tables
A2of
and
A3 of Appendix
This allows
thevalue
letter of
value
of injured
and fatal
persons
and A3
Appendix
A). ThisA).
allows
the letter
injured
and fatal
persons
to be
todetermined
be determined
based
on categories
F and
B, respectively.
based
on categories
F and
B, respectively.
3.4.
3.4.Estimating
Estimatingthe
theMaterial
Materialand
andEnvironmental
EnvironmentalLosses
Losses
InInorder
to
calculate
the
material
losses
incurred
order to calculate the material losses incurredasasaaresult
resultofoffloods,
floods,the
thesame
sameISOK
ISOK
maps
should
be
used
as
for
the
assessment
of
human
losses
(see
Figure
5).
To
calculate
maps should be used as for the assessment of human losses (see Figure 5). To calculate
the
to estimate
estimate the
thearea
areaof
offlooded
floodedareas
areaswhose
whosepotential
potenthevalue
valueof
oflosses,
losses, itit was
was necessary
necessary to
tial
material
losses
were
<1,
1.01–25,
25.01–50,
50.01–100,
100.01–150,
150.01–300,
material losses
were <1, 1.01–25, 25.01–50, 50.01–100, 100.01–150, 150.01–300, and and
>300
2 . For example, the estimated area of the commune Brańszczyk affected by
>300
PLN/m
PLN/m2. For example, the estimated
area
of
the
commune
Brańszczyk
affected
by
flood
is
flood
is approximately
5,156,900
m2 , provides
which provides
the results
in8.Table 8.
the results
shownshown
in Table
approximately
5,156,900
m2, which

value of potential flood losses in PLN/m2
area for which losses are
not calculated

≤1
1.01–25
25.01–50
50.01–100
100.01–150
150.01–300
>300

Figure 5. Map presenting the estimation of the material and environmental losses [36].
Figure 5. Map presenting the estimation of the material and environmental losses [36].
Table8.8.Generating
Generatingthe
thematerial
materiallosses
lossesfor
forthe
theBra
Brańszczyk
commune.
Table
ńszczyk commune.
Price per Area (PLN/m2)

2
Price per Area
1 (PLN/m )

125
2550
100
50
150
100
300
150
500
300
Sum
500
Source: Authors’
Sumestimation.

Area (m2)

Area5,093,600
(m2 )

30,000
5,093,600
20,000
30,000
10,000
20,000
2000
10,000
2000800
800500
5,156,900
500
5,156,900

Total Amount (PLN)

Total Amount
(PLN)
5,093,600
750,000
5,093,600
1,000,000
750,000
1,000,000
1,000,000
300,000
1,000,000
240,000
300,000
250,000
240,000
8,633,600
250,000
8,633,600

Source: Authors’ estimation.

Then, the total result obtained should be compared to the budget of the entire commune (refer to Table A4 in Appendix A) indicated in the methodology. For the Brańszczyk
commune, taking into account the lowest loss price per square meter given in the ISOK
maps results in 34.5% of the budget available to the commune (PLN 25,025,128 per
year) [36].
Analyzing the environmental losses, the ISOK map named “Flood risk map—negative
consequences for the environment, cultural heritage, and economic activity” should be
used. From this map, the maximum surface area in the environment that may be damaged
by a flood can be estimated. Next, the area of losses in the environment should be compared
to the area of the entire municipality and, finally, to the template from MOR.
For the Brańszczyk commune, the area of environmental losses is approximately
5.15 km2 , which is approximately 3% of the area of the commune. In addition, there are
no landfills, chemical plants, or other facilities in the commune, affording an expert the
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chance to assess the consequences to the environment as less than one year (see Table A5,
Appendix A).
3.5. Estimating of Sociopolitical Losses
Flood risk analysis forces assessors to estimate sociopolitical effects. Thus, the effects
of this methodology should be assessed by an expert method.
Assessment of everyday life disruption, called “well-being,” should assess the following assessment indicators:

•
•
•
•
•
•

People are unable to communicate through the regular use of IT systems;
People are unable to travel to work and/or school;
People do not have access to important public services;
People cannot buy items that are most needed;
Loss of functions arising from the competence of the individual;
Damage to critical infrastructure systems.

These assessed factors can be found in Table A6 of Appendix A. Simulation of the
results for the case under study is given in Table 9.
Table 9. Estimating everyday life disruptions for the Brańszczyk commune.
Type of Process Disruption

Rating

Numerical Value of Rating

Lack of communication through regular ICT systems
No possibility of getting to school or work
No access to important public services
Inability to buy the necessary items
Loss of at least one function arising from the competence of the individual
Damage to one of the critical infrastructure systems
Average

B
B
D
C
C
0
C

2
2
8
4
4
0
20/5 = 4

Source: Authors’ estimation.

In the next step, it is necessary to assess what percentage of the population living in
the commune may be affected by disruptions of life. It should be assumed that all residents
of the villages living in flood-prone areas will be affected by everyday disruptions (see
Table 10). Information on the current number of inhabitants of individual towns should be
available on the commune’s website.
Table 10. Estimating of number of people affected by the everyday life distribution in the
Brańszczyk commune.
Village Name

Number of People Affected by Everyday Life
Distribution (All Residents of the City)

Brańszczyk (inc. Nakieł and Bieliny)
Przyjmy
Turzyn
Stare Budy
Nowe Budy
Tuchlin
Total

1121
256
752
188
315
226
2858

Source: Authors’ estimation.

By comparing the total received to the total number of people living in the commune,
the percentage of people affected by daily disruptions was calculated. For the Brańszczyk
commune, 2858/8220 = 35% (see Table A7 from Appendix A)
In the last step, an expert method should be used to assess how long critical infrastructure facilities in the area at risk of flooding may remain damaged (refer to the results in
Table A8, Appendix A).
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3.6. Aggregation of the Consequences, Probability and Risk Matrix
Taking the next steps in the assessment of the consequences of flood risk requires
collating all data in one place; this facilitates the aggregation of effects. Aggregation
of effects consists of determining the weights for individual categories of effects. The
weights are determined by an expert method and are a response to the need arising from
the comparison of effects on people (considered more significant) with material losses
(potentially less significant).
For Brańszczyk, an assumption was made, as shown in Table 11.
Table 11. Aggregation of the consequences for flood risk assessment.
Number of Template

Value

Weight for Categories

Score

1
2
3
4
5
6
7
8

32
2
1
16
2
4
32
0

0.2
0.2
0.1
0.1
0.2
0.05
0.05
0.1

6.4
0.4
0.1
1.6
0.4
0.2
1.6
0
10.7

Total
Source: Authors’ estimation.

The aggregated results for the example under consideration was 10.7. According to
the methodology assumptions, this result raised the first value, which, in the indicated
case, provided the value E. The letter values of the effects and the corresponding numerical
values are presented in Table 12.
Table 12. Conversion of the letter categories of the consequences into numerical values [24].
Category

Number Value

A
B
C
D

1
2
4
8

Due to the availability of data, in the scenario considered, we accounted for a flood
occurrence once every 500 years. According to the principle, the worst possible scenarios
are considered, but the data that present the most severe effects (for a probability of 0.02%)
are still real. At this point, the division indicated in the risk assessment methodology
should be used, which indicates five classes of probabilities:
1.
2.
3.
4.
5.

Almost certain events (more than once a year),
Very likely events (1–5 years),
Probable events (5–10 years),
Unlikely events (10–100 years),
Very rare events (>100 years).

According to the cited probability classes, the probability assumed for the Brańszczyk
commune is in the fifth grade range. The combination of the calculated values of effects
and the indicated probability provides the possibility of creating a risk matrix. The risk
matrix is a visualization of the values obtained that indicates the extent of the risk. For the
example considered, the calculations indicate a catastrophic risk case (see Table 13).

5.

Water 2022, 14, 61

Very rare events (>100 years).

According to the cited probability classes, the probability assumed for the
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ńszczyk commune.
Table 13.
13. Risk
Risk score
score for
for the
the Bra
Brańszczyk
commune.

5
4
3
2
1
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Legend:

X

A

B
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E

Negligible risk
Small risk
Medium risk
High risk
Catastrophic risk
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commune
example
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risk,
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of risk.
The value
obtained,
which
placed
commune
in the scale
of catastrophic
facilities
threats,
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Second, the
of
risk, wassusceptible
a result of to
several
reasons.
First, and
in the
area where flooding
cancharacteristics
occur, there are
the
population
indicate
that
people
with
reduced
mobility
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a
large
percentage
facilities susceptible to threats, i.e., schools and kindergartens. Second, the characteristics
of the population
population,indicate
which isthat
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to thewith
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of two
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forconstitute
the elderly,
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people
reduced
mobility
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perschool,
numerous
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risk forces
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action
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which is due
theof
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two homes for the
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a
to counteract the threat, i.e., the use of nonstandard resources and additional forces and
measures, making quantitative expert assessments (e.g., related to assessing the condition of
levees), and consulting specific crisis management teams. Moreover, the problem requires
research related to threat scenarios and the determination of vulnerabilities on which
they are based. The decisions for change depend on changes in the options available for
managing a flood situation, in the risk perceptions and attitudes toward risk [40], and
on the performance of policy coordination, which should be based on multisectoral risk
analysis [41] and should form the basis of the decision.
The assessment method presented is burdened with its sensitivity. It is associated
with risk aggregation, where some of the assessed elements receive more importance than
others. Linking risk aggregation with a high assessment of individual effects may lead to a
situation in which a slight change in the calculation parameters may significantly affect
the value of the estimated risk. In the present case, the most serious was the assessment of
fatalities and injuries. The high rating of this parameter affected the final value of risk to a
large extent. In turn, it can be elevated more generally by factors that are not directly related
to the flood (e.g., area vulnerability). This poses an extremely difficult task for assessors
and decision-makers, who must properly present the results obtained and implement them
in practical, appropriate plans.
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5. Conclusions
The methodology and supported methods used in this paper were constructed based
on traditional methods and available public data. The methodology of risk assessment
for crisis management in Poland shows the general concept for risk assessment, which is
supported by methods to estimate human consequences. For all assessment processes, the
main source of data is flood risk maps of different configurations developed as a result of
implementation of the Directive 2007/60/EC of the European Parliament and of the Council
of 23 October 2007 on the assessment and management of flood risk. The conducted studies
show how to use more and more common and generally available threats maps and risk
maps containing already processed data produced with the use of professional simulation
tools and computational models. However, it should be taken into account that both the
threat maps and the risk maps in the form of IT systems should be treated only as a source
of data, as they present the consequences for a specific probability of a threat. They do
not estimate the value of risk that would constitute a premise for taking actions by crisis
management stakeholders. Only the use of an appropriate risk assessment methodology
allows for comparing the effects with the probability, which may be important from the
point of view of the district authorities and their decisions, e.g., related to investments.
The case study for the Brańszczyk commune showed that the risk of a flood disaster
using this method is catastrophic, which can form many action lines for a specific example.
The flood risk assessment developed along the Bug River in the Brańszczyk commune
determines the needs of local planning and shows the directions of action in the field of
flood risk prevention. Contrary to risk assessment methodology in the basic version, which
is based on expert opinion, this work showed calculation possibilities to support the risk
assessment process.
The multifactors approach, the combination of local knowledge, and the proposed
techniques used to assess the level of risk presented in this case study may inspire other
regions to carry out a similar accurate risk assessment, and to verify the proposed assessment techniques or the scaling of selected parameters proposed in the article. All of this
could help to create the next steps of the crisis management process during a flood, such as
flood security policy or procedures of crisis response.
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Appendix A. Templates of the Estimated Consequences
Table A1. Number of evacuated people [24].
Number of Persons →

<100

100–1000

1000–10,000

10,000–100,000

>100,000

A
A

A
B

B
C

C
D

D
E

Time ↓
<6 months
>6 months

Table A2. Number of deaths [24].
Number of Persons →
Time ↓
Direct (first year)
Increased (within 20 years)

1

2–5

5–10

>10

C
A

D
A

E
B

F
C

Table A3. Number of injuries [24].
Number of Persons
Category

<10
A

10–100
B

100–1000
C

1000–10,000
D

>100,000
E

Table A4. Percentage of the commune budget [24].
Price as % of Budget
Category

<1
A

1–5
B

6–10
C

11–30
D

31–60
E

>60
F

Table A5. Damage area as a percentage of the affected region [24].
Damage Area
(% of Affected Region) →

<1

1–5

6–10

>10

Time of Recovery (Years) ↓
<1
>1

A
B

B
C

C
D

D
E

Table A6. Assessment of the everyday life disruption [24].
Risk Impact Level →

Low

Medium–Low

Medium

Medium–High

High

Extremely
High

b

c

d

e

e

f

a

b

c

d

e

f

a
b

b
c

c
d

d
d

e
e

f
f

b

c

d

e

f

b

c

d

e

f

Type of Process Disruption ↓
Lack of communication through regular
ICT systems
No possibility of traveling to school or
work
No access to important public services
Inability to buy the necessary items
Loss of at least one function arising from
the competence of the individual
Damage to one of the critical infrastructure
systems
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Table A7. Percentage of people affected by daily disruption [24].
Number of People (%) →

<1

2–5

6–10

11–30

31–60

>60

A
B
C

B
C
D

C
D
E

D
E
F

E
F

F

Time ↓
Less than one week
One week–one month
More than one month

Table A8. Duration of critical infrastructure damage [24].
Duration of Damage
Category

Less Than One Day

One Day–Three Days

Three Days–One Week

One Week–One Month

A

B

C

D

Appendix B. Data Available for Risk Assessment
Table A9. Data of the area considered in the research.

Name of the Village

Number of People in the
Risk Area (Data Prepared
Based on [34])

Average Distance of a City
from the River (M)

Number of People Affected by
Everyday Life Distribution (All
Residents of the City) (Data
Prepared Based on Local
Authority Data from
December 2020)

Brańszczyk
Brańszczyk Nakieł
Bieliny

380
30
41

200
100
200

1110

Przyjmy

40

1800

252

Turzyn

71

800

765

Stare Budy

94

600

185

Nowe Budy
Budy Baraki

65
19

1200
1000

296

Tuchlin

94

100

226

Total

834

2834
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