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Concepts of flood risk analysis methodology
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ABSTRACT: The aim of this paper is to indicate, in an intuitive form, the possible alternative system engi-
neering methods which can be used in the process of flood risk management. The notion of system engineering
is frequently encountered mainly in connection with the plans and requirements related to resolving problems
of complex management of organizations, processes, extensive development projects, inter-personal, inter-
organizational and international relationships. System engineering, its methods and techniques should simplify
the process of resolving the emerging problems of modern society, economics and industry. The paper does not
set out to present a complete theoretical explanation of the individual systems science procedures, rather it con-
centrates on the proposed concept of their use in protection against floods. In the introduction, the paper deals
with defining the notions of object, system and model. It then goes on to briefly explain the procedures of sys-
tem identification, system analysis, system design and system implementation.

1 INTRODUCTION 

In the introduction to the paper we should start by
outlining the notion of flood risk management as it
will be considered in the following text. A clear idea
of the notion is provided by Figure 1 illustrating all
the stages of risk management. These include the
stages of risk assessment, risk analysis and acceptable
risk establishment and finally the risk control stage.

In order to continue our considerations it is neces-
sary to define the goal of the risk management pro-
cess. In this respect we shall consider achieving an

acceptable level of flood risk to be the main goal of
the whole process. In addition, it is possible to formu-
late partial goals for each stage as well, such as:

– risk analysis goal – quantify flood risk;
– acceptable risk establishment goal – establish an

acceptable flood risk;
– risk control goal – keep the risk within acceptable

limits, or adopt measures to ensure the risk would
reach acceptable limits.

Our task now is to achieve the above goals by
applying system science methods. In order to do so,
one needs to have an understanding of two basic
notions – the object and the system.

2 REAL OBJECT CHARACTERISTICS

The current economic and decision-making practice
at all levels of economic management requires that
extensive data, creating a documentation image of the
assessed object and its environment, is processed.

Prior to arriving at a decision, the decision-making
subject needs to carry out a quantitative and qualita-
tive analysis of the condition of the managed object.
The image of its condition documents a large quantity
of information which, although necessary for the
decision-making, is not assessable by one individual.
The need arises to create inter-linked information sets
that are processed using suitable models and, having
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undergone transformation, facilitate decision-making
concerning the current best possible development of
the object.

In order to better grasp the complex processes of
decision-making and control, we must be able to cre-
ate appropriate models for the purpose of acquiring
current information about the managed whole, we
need to model the object using a suitable system.

Before introducing the notion of the system, we
shall examine system properties of objects in order to
advance nearer to the definition of the system consid-
ered in its application form.

In the real world, we are surrounded by large quanti-
ties of various types of objects. The method of investi-
gating such quantities of objects requires an individual
approach that abstracts their common properties, char-
acteristics and changes in time.

Our consideration is based on one of the main prem-
ises of philosophy that in objective reality there exist
various material objects with a wide variety of types of
relationships of dependence and determinance between
them. Material objects always have their own content
and form.

Our principal goal from Section 1 above is achieving
an acceptable flood risk in the floodplain. The flood-
plain is therefor the object of our interest. In the text
below, we shall see that the floodplain as a whole meets
all the preconditions of being an object from the system
science viewpoint.

We shall call a specific concrete form of existence
of an object the expression of an object. An expression
of an object can be characterized by a set of character-
istics identified on the object. The elements of the set
of characteristics identified on an object will be called
components of the expression of the object. 

An interest in a given object is always motivated 
by a goal that makes it possible to create defined 
criteria to specify some of the significant components
of the expression of the object determining a simpli-
fied variety as a specific reflection of the object 
scrutinized. From our viewpoint, the components 
of the expression of the object – floodplain – may
include, for example, scope of deterioration or dam-
age within the floodplain, space distribution of risk
values, etc.

When scrutinizing the object we also want to iden-
tify the relationships between the components of the
expression of the object as a whole. To this purpose 
it is convenient to break down the object into a col-
lection of partial objects so that they do not share
common parts and so that the expressions of the indi-
vidual partial objects are more easily recognisable.
The collection of the created partial objects com-
prises the original whole. The breaking down of an
object into partial objects can be effected in a number
of ways and the choice of a specific break-down is
called the recognition level on the object.

The object – floodplain – that we have selected is
part of objective reality and as such always exists in a
specific environment (or surroundings) among other
objects. There may be a specific relationship between
the object and its environment. The expressions of 
an object towards its environment may be a conse-
quence of the expression of the environment towards
the object or vice versa. The components of the expres-
sion of an object on its environment will be called the
output components of the object as they are directed
towards the environment considered to be its organic
part; at the same time the output components of the
objects will be referred to as the input components to
the environment of the said object. In the same way the
environment affects the object. The individual compo-
nents of the expressions of the environment on the
object will be called the output components of the envi-
ronment being at the same time the input components
of the expressions of the environment to the object.

Identical impact of the environment on the object
need not always lead to identical responses (expres-
sions) of the object to the environment. An object 
consisting of partial objects which constantly interact
happens to be in a specific state and the response of
the object to a stimulus from the environment is a
combined result of the immediate state of the object
and the expression of the environment on the object.
The state of the object therefore becomes a significant
variable in the response of the object to its environ-
ment, to its surroundings. It varies depending on time,
the previous state and the input from the environment.
The state of the object in relation to the input com-
ponents also affects the output components of the
object, hence it is not possible to generally describe
the behaviour of an object by its output components
only, or its input influences.

We shall now try to analyze the object – floodplain –
in terms of its internal structure. When scrutinizing 
it in greater detail we can distinguish independent
parts – partial objects. As the scope of this paper does
not allow us to attempt a detailed analysis of all the
partial objects, we shall concentrate only on those that
may significantly contribute to the external expres-
sions of the object. In this we shall be helped by the
so-called flood hazard identification which is part of
risk analysis (see Figure 1). The cause of the hazard
can be ascribed to flooding which in the wider sense
of the word stands for water. The way by which water
reaches the floodplain is a complicated process based
on the hydrological cycle. From the moment the water
hits the earth’s surface in the form of precipitation 
its behaviour is influenced by many factors the 
investigation of which is the subject of hydrology and
hydraulics. 

Let us now introduce a partial object, calling it
water management, and let us declare a set of variables
known as the flood progress characteristics (water
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depth, rate of flow, temperature, period of inundation,
etc.) as the components of its expression. The defini-
tion of the water management partial object is key as it
effects, through the components of its expressions, all
the other partial objects that we shall deal with. These
include objects of a technical nature (structures, infra-
structure, etc.), biological (animals, plants, etc.), social
(population), formal (legislature, standards, etc.), and
economic objects (financing, etc.).

On an object as a whole we are impossible to notice
and investigate all the components of the expression of
the object; in most cases we are only interested in some
of them. The selection of the individual components of
the expression of the object with a view to pursuing 
a goal is termed object investigation viewpoint. As the
object investigation is subordinated to a particular goal
we shall now proceed by restricting the scope of expres-
sions of the object even further – choosing a specific
subset of the expressions of the object. Further simplifi-
cation is therefore achieved by determining whether or
not the expression of the object is distinguishable.

The individual expressions may often occur under
specific circumstances as expressions with a given
probability of occurrence, expressions with specific
values of components, expressions the values of which
change depending on time, both in a discreet and con-
tinuous passage of time.

We have now created a simplified view of the object
that is based on the premise that the above simplifica-
tions are subordinated to the goal of investigating the
object.

3 THE CONCEPT OF A SYSTEM

Perhaps the most important argument in favour of
studying the properties of systems is the knowledge
that by implementing a system we define a class of
properties of various types of objects. In the previous
paragraph we studied the characteristics of an object.
We shall now apply the knowledge directly to building
up the concept of the system.

Investigating an object in terms of its internal
behaviour and relationships with its environment leads
to recognizing the system properties of the object.

Real objects under scrutiny often consist of a great
number of parts with links between them and it is pos-
sible to establish many quantitative variables on them.
The selected viewpoint then determines the level of
detail of the investigation termed the recognition level.
A process of investigating objects leads to implement-
ing a system on the object.

The concept of a system is therefore a form of
abstraction, it is a form of the object’s reflection. The
concept displays (reflects) all the system phenomena
of the real world and applies to the abstract mathe-
matical concepts as well. From the philosophical

viewpoint it represents a system of displaying the
dialectical unity of the whole and its parts.

In everyday usage the term system often refers to a
concrete object thus underlining its system qualities
(such as a traffic system, enterprise system, procure-
ment system, etc.). However, in scientific disciplines
one has to consistently distinguish between the system
and the object upon which the system is defined. In
our imagination we cannot work with a real object,
rather with its representation as a model. We work
therefore with the model and its properties and then
transpose them into a description of the behaviour of
the object.

The notion real system will refer to a system imple-
mented upon a concrete real object. The real system
thus becomes a model created by the observer in the
process of observing, investigating and describing the
object under scrutiny. We have to bear in mind at all
times that it is possible to define an infinite number
of real systems upon the object under scrutiny.

Mathematical formulation of system definitions
makes it possible to establish mathematical founda-
tions for the modern systems theory. The principal
parts of this theory (e.g. the theory of static, stochastic,
determinist and dynamic systems) use mainly mathe-
matical devices which facilitate a brief and adequately
accurate expression of the general pieces of knowledge
understandable to a wide range of users of the theory
specializing in various fields of knowledge. The math-
ematical formulation, or the mathematical model, can
then be implemented using computer technology.

Let us finally sum up the basic properties of sys-
tems that are generally recognized and are significant
for our investigation.

The first component of the concept of the system is
represented by the elements (parts) that make up the
whole of the system (or more precisely the whole of
the object). We concede that the whole may be created
from parts of various types.

For example a system (i.e. the whole) defined upon
an object – floodplain – is made up of structural ele-
ments (buildings, roads, water management structures,
etc.), infrastructure network elements (water, gas,
drainage distribution networks, etc.), economic ele-
ments (finances), social elements (age groups, nation-
ality groups of the population, etc.), formal elements
(legislature, methodologies, standards, etc.). The first
basic property of the system derived from the first
component of the concept of the system (i.e. from the
elements) is the heterogeneity (diversity) of the system.

The second component of the concept of the sys-
tem is represented by links, relationships and interac-
tions between the parts of the system. In terms of the
basic properties of the system it is quite obvious that
the implementation of links represents the unification
of the diverse elements of a type which is referred to
as the homogenization of the heterogeneous parts.
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The third component of the concept of the system is
the system’s purposeful behaviour. The whole viewed
as a system exhibits changes directed towards a goal
(note: the goal may be variable). The purposeful behav-
iour is, above all, an expression of the dynamic pro-
perties of the system. Here, we are facing, for the first
time, the question: Where do the dynamics, i.e. the
ability to change, arise in the system (determined by
the elements and the relationships between them). We
shall assign the ability to change, as a property, to ele-
ments, while the relationships will be the bearers of the
results (activity outcomes), or of the backgrounds or
initiators (activity inputs) of the implementation of the
dynamic activities. At the same time we shall bear in
mind that for some purposes it will be possible to
depict the dynamic properties even formally, at a first
glance, in an opposite way, i.e. we shall use the links to
express an activity connecting specific states (activity
outcomes and inputs).

In order to investigate the properties resulting from
the dynamics of the system in greater detail we shall
introduce the term system state as the purposeful
behaviour is in fact represented by a sequence of states
that the system development passes through. The sim-
plest case from which we shall derive the system state
is the description of the system by means of state vari-
ables onto which we can give values in time represent-
ing the value of the system state at that moment.
Intuitively, we can introduce the notion of the system
behaviour as a specific expression of dynamics in a
specific environment, velocity and direction (assum-
ing that the state values vary in specific directions and
at a specific velocity).

4 FLOODPLAIN AS A SYSTEM

The system properties introduced above are, in gen-
eral, easily recognizable in physical and biological
objects. It is more difficult in economic and social
objects or in those components of any type of objects.
An example that we shall take to illustrate the system
properties (in particular the homogeneity of heteroge-
neous parts) is the object – floodplain.

The system defined upon the object – floodplain –
can be constituted, for example, from technical, bio-
logical, economic, social and formal elements. Links
between the heterogeneous parts of the system (such
as how the scope of damage to buildings affects the
finances required for their repair) exist. However,
their analysis or structure has some specific features.
One of them is creating links between heterogeneous
elements. The links need to be identified using the 
so-called “translational” (conversional) abilities built
into the functions of the system elements. So, the
functions of the economic element – flood damage –
include the built-in residential building damage

which links this element to the technical element of
residential build. If we fail to find or formulate the
“translational” complementation of element functions,
faults in the system function will occur.

5 SYSTEM IDENTIFICATION

In the sections above we have established formal
means sufficient for expressing or depicting a system.
We have studied the means based on the recognition
of the properties of the objects that we want to con-
trol, manage or design better and more completely.

The intuitive approach to the study of identifica-
tion processes indicates that it is, on the one hand, a
question of the engineer, observer, his possession of
knowledge and plans (observer state) and, on the
other hand, a question of the object and its states into
which the observer properties are projected using
models and definitions. The relationships can be sim-
ply illustrated in greater detail in Figure 2.

If we sum up the identification process character-
istics it is possible to state that the process of identifi-
cation consists of the identification of the images,
knowledge and plans of the engineer with the proper-
ties of the object (the original) expressed by means of
models and definitions. The introductory considera-
tion of identification can be concluded by saying that
the objective of identification is to create a model of a
specific (observed, designed) object under conditions
specified by the observer, or engineer,

In order to start system identification it is essential
that one has available means (tools) for acquiring infor-
mation about the object understood in its complex
state. The identification process itself has acquired,
through engineering experience, the form of a proce-
dure based on a specific sequence of steps. The steps
need to be carried out in order to proceed to the
record of the system model. In general, the identifica-
tion process consists of the following steps:

– selecting recognition level;
– establishing elements;
– assigning functions to elements;
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– identifying relationships between elements;
– identifying relationship parameters.

6 SYSTEM RECORD

In the previous section we dealt with the problem of
system identification. In order to be able to continue
working with the system we must express and record
the results of the identification. The basic condition
enabling us to record the identified properties of a
specific object is the existence of a suitable language.
Table 1 presents an overview of the characteristics of
selected language devices.

7 SYSTEM ANALYSIS

The knowledge that the results of identification make it
possible for us to record a system model of any object
leads to the question of what we can do further with the
system recorded in this way. Work with the system can
be directed into two areas. We can either establish the
existence of the system properties of objects or we can
form the object so that it meets specific system pro-
perties. Both areas intermingle; the latter area uses the
results of the former area. The first activity is referred
to as systems analysis, the second activity is called sys-
tems engineering. The relationships can be illustrated
using Figure 3.

Systems analysis is a collection of tasks and meth-
ods of their solution formulated upon an identified
object. The objective of the methods is to establish or

ensure the system properties of the objects under
scrutiny. The basic types of tasks in systems analysis
include (Vlcek, 1984), for example, the task of the
whole of the object, ensuring the system’s existence,
system’s development progress, etc.

Systems engineering represents a substance of the
constructive systems theory, as at its heart, if fulfils
the purpose and objective of the constructive theory,
i.e. represents an ordered set of pieces of information
about creating objects with the properties of systems. 

In terms of risk management the systems analysis
covers the stage of risk assessment while risk control is
more a problem of systems engineering (see Figure 1).

8 SYSTEM IMPLEMENTATION

System implementation fulfils the purpose and objec-
tive of the constructive theory of systems and, in 
the application field, the purpose and objective of
systems engineering. The most important examples
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Table 1. Language device characteristics (Vlcek, 1984).

Characteristic

Description Semantic Suitability 
completeness and unambiguousness for use in Scope of 

Language understandability of language forms algorithms applicability Basic usage

Verbal description good ambiguous none limited Descriptions 
(natural or scientific proper, 
language) explanatory comments

Tables good unambiguous poor wide Descriptions of function
inputs and outcomes

Drawings and good unambiguous limited wide Designing 
block diagrams technical objects, logical

structure of processes

Logical diagrams satisfactory unambiguous limited wide Automated processes

Curves, graphs, satisfactory unambiguous good limited Expression of 
nomograms, etc. dependence

Mathematical functions poor unambiguous best wide Mathematically 
and models expressible processes,

optimization

OBJECT

SYSTEM
ENGINEERINGSYSTEM  ANALYSIS

Delivered tools

Establishing and
ensuring system

properties

Creating object
with system
attributes

Figure 3. Systems analysis and systems engineering.
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of implementing formal systems are management
systems. Implementation will therefore refer to creat-
ing any object, either in terms of establishing its sys-
tem properties or its creation with ensured system
properties. However, system implementation is not
just a mere conversion of the model into an object. It
has problems of its own – as discussed partly in the
previous sections. Their foundation is the objective
existence of incompleteness, vagueness, difference
between the model and its object.

In relation to system implementation one should
raise a very important question of systems reliability.
Solution of a reliability task is frequently based on
generally recognized systems analysis tasks. We may
mention the event tree method and the fault tree
method (Blockley, 1992).

9 CASE STUDY

The theoretical methods mentioned in previous chap-
ters will be applied within the design of a pilot local-
ity situated near the town of Blatná in South Bohemia.
This site has been chosen partly due to the floods
which affected the Czech Republic in August 2002.
The locality contains a large number of small ponds –
reservoirs, which may be a potential source of flood-
ing. A dam failure (rupture) of such a water body may
create a flood wave with great destructive effects.

Assuming that individual reservoirs create a system
(they are all connected), a so-called chain effect may
occur; i.e. the flood wave will gradually travel over
individual reservoirs while damaging them. This situ-
ation occurred in August 2002 when extreme rainfall
caused overflow and ensuing rupture of the Melín
pond dam (see Figure 4). The flood wave created 
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Figure 4. Map of a part of the affected area.

Figure 5. Scheme of a part of the reservoir system.
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travelled through the Metelský brook into the lower
situated Metelský pond, the dam of which ruptured as
well. As a consequence, the village of Metly and part
of the village of Pr

�
edmír

�
were swept away. The flood

wave travelled further down the Metelský brook valley
where it caused considerable damage to property.
Figure 5 shows a scheme of chosen reservoirs situated
in the locality in question. It is apparent that the men-
tioned water management system presents a relatively
complex system. Although the reservoirs are relatively
small, they should not be underestimated in terms of
flood risk.

The first stage of the risk analysis – flood risk
identification – is at present being carried out in the
above mentioned locality. The data necessary for cre-
ating a Geographical Information System (GIS),
which will form a basis for carrying out further stages
of the risk analysis, are being collected. The flood risk
identification also includes examination of the water
management system (a system of ponds, water
courses, water management structures, etc.). This will
especially mean identifying individual elements of
the system and analysing their mutual functional rela-
tions. Simulation of selected situations of the given
system will then take place on the basis of these
observations. Thus it will be possible to identify criti-
cal situations of the given system which are adverse
in terms of flood risk, and to present eventual mea-
sures for their elimination.

10 CONCLUSION

The problem of protection against flooding, espe-
cially when related to the massive development of
today’s society, can no more be addressed by relying
solely on the experience and intuition of experts. The
necessity of applying systems disciplines to this area
of human activity is obvious.

An essential feature of this is the co-operation of
experts from many fields that touch on the problem of
flooding. Systems engineering tools enable them to
communicate with one another and effectively share
information.

The system approach to resolving flood protection
problems also opens the door to using other powerful
tools, such as operation analysis.

The application of systems sciences to flood risk
management offers many ideas for further research, in
particular in the area of system identification. As was
mentioned, in Section 5 above, system identification
involves, in the first place, acquiring sufficient infor-
mation about the object under scrutiny upon which 
we are going to define the system. Today it is possible
to use the benefits of information systems from many
areas to this purpose (Maidment, 2002). In connection
to flooding one should not underestimate the role of

Geographic Information Systems (GIS). Other problem
areas of system identification mainly concern develop-
ing methodology for selecting the recognition level,
identifying elements, assigning functions to elements,
identifying relationships between elements, identifying
relationship parameters. The question raised in Section
4 relating to creating relationships between heteroge-
neous elements is also essential. This involves mainly
data exchange between information systems related to
objects in the floodplain.

The systems analysis methods mentioned in this
article will be deployed for example in carrying out
projects of the Grant Agency of the Czech Republic
Nos. 103/02/0018 and 103/02/D100.

The main objective of project No. 103/02/0018
“Employing methods from probability theory, mathe-
matical modelling, damage evaluation, and risk
analysis in flood control measures” is to elaborate a
methodology for evaluating the extent of risk in inun-
dation areas, i.e. a process on the basis of which it will
be possible to select, for a particular specification, a
suitable method of risk analysis and corresponding
instruments. The following activities are involved:

– Drafting event trees.
– Probability evaluation of individual events with

methods from probability theory, mathematical mod-
elling and stochastic modelling.

– Model evaluation of vulnerability and reliability of
water management structures and buildings during
flood events.

– Vulnerability analysis of inundation areas and pro-
posal for their classification on the basis of an
analysis of factors affecting the level of damage
(water depth, current speed, time of inundation,
temperature of water and air, etc.).

– Proposing methods for damage evaluation, con-
structing damage functions.

– Defining and quantifying risks.

Project No. 103/02/D100 “Employing mathemati-
cal modelling and GIS as instruments of inundation
area risk analysis” deals with some problems con-
nected to deploying 2D mathematical modelling and
Geographical Information Systems (GIS) as instru-
ments of risk analysis for inundation areas. Using 2D
mathematical modelling of current of water in a risk
analysis brings the necessity to consistently evaluate
the level of uncertainty which affects the final risk esti-
mation. Among the main sources of uncertainty in the
case of 2D mathematical modelling are: selecting tur-
bulence model, assessing roughness levels in an inun-
dation area, and selecting a suitable numerical method
of solution. Employing the second instrument – GIS, 
in connection with 2D mathematical modelling,
requires the provision of the following: ensuring data
exchange between GIS and the mathematical model,
implementing verification methods, sensitivity analyses
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and calibration of 2D mathematical model and of risk
analysis methods into the GIS environment.

The aim of the submitted project is to elaborate a
methodology which would serve as a basis providing
directions for carrying out risk analysis of inundation
areas with a focus on application of 2D mathematical
modelling of current of water and GIS. The content of
the project is drawn up in such a way as to enable
observations obtained to be applied in practice in draw-
ing up a concept of flood control measures as well as 
in the detailed design of protection of individual areas
at risk.
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