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Climate change as well as the occurrence of natural extremes, whose sources come from the atmosphere, water
or even the Earths crust, are the results of the natural variability of the atmosphere and the evolution of the Earth.
These continual changes, caused not only by natural processes, are increasingly influenced by human activities.
In natural ecosystems, these changes and extremes, including their occurrences and effects, are part of their
natural development. But with the increasing development of infrastructure these changes and extremes leave
more perceivable damage, i.e. loss of lives and property.
Ecosystems and human society are both getting gradually equipped to adapt to recent and current climate.
But there are fears that further adaptation to accelerating changes will be much more difficult. In a short time
it can have big consequences for the fundamental values
of life, the food or water system or public health, especially in many underdeveloped and economically disadvantaged countries. For almost all of the world there is
an increased risk of extreme weather, with subsequent increased risk of disasters associated with them. As stated
by the World Meteorological Organization, over the past
30 years, nearly 7500 natural disasters worldwide took
the lives of more than two million people. Of that 72.5
percent of the disasters were caused due to weather, climate change or water hazards. In the context of the
ongoing process of global warming and global climate
change, the question arises to what extent these changes
affect meteorological and hydrological extremes causing
floods.
Floods are one of the most significant natural extremes in the Czech Republic, and are largely the result
of anthropogenic factors, as well as meteorological and
physical-geographical factors. Anthropogenically bur-
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Human activities are contributing to more frequent natural extremes and climate change, which also come from
the atmosphere, water or the Earths crust. With the increasing development of infrastructure, the impacts of
these changes and extremes leave more perceivable damage and increasing loss of lives and property. With the
use of modern resources and technology we are able to
minimize the impact of these extreme phenomena. There
are in fact two main approaches - professional and nonprofessional - both meant from the aspect of data collection and information processing itself. The advantages
of social networks have been increasingly utilized during the natural disasters as a way of communicating important information. This article describes the aim of
our research - to create a hybrid system which would
both enable the collection of data from the professional
and non-professional public as well as communicate with
other types of systems, to utilize and then process the
data and use the data to predict new dangers. The principle is based on collecting data (knowledge, experience,
etc.) from both main approaches to disaster management
(professional and nonprofessional) and then applying this
information to achieve new solutions. The practical application of a DIP system shows that it can be used for
describing the risk of future natural disasters and enables
us to deduce the threat imposed by them. Analyzing this
data can help create new solutions in the fight to minimize the damage incurred by these disasters.
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dened landscape is losing its ability to maintain stability
and dynamic balance.
We may not be able to control the winds and rains yet,
but in the modern era we fortunately have new tools and
kinds of technology, which give us the opportunity to
minimize the impact of these extreme phenomena. For
example, by providing relevant and comprehensive information for decision support, i.e. creating forecasts for the
situation, with the aim of limiting the adverse effects of
natural phenomena and their consequences through modern computer and internet technologies. These activities
can be supported by both professionals and nonprofessionals in the field, as well as by various levels of public
safety administrations, and may reveal solutions for dealing with future disasters.
In fact there are two main approaches to disaster management meant from the aspect of data collection and information processing itself. On the one hand there are
some systems which enable the entry of data relative to
disaster management and make it possible to trace it afterwards (NEDIES, 2010). These systems are very general and have almost no specialization. They are at the
level of chronicles or encyclopedias. There are even systems, which, through the combination of GPS and mobile phone applications, allow for the entry of information about the events right from the location (Ohya et al.,
2007). Often these are only data storages which are publicly accessible but with no other use.
On the other hand, there are models individually specialized for each natural phenomenon - floods (Vondrak el al., 2008), landslides etc., possibly for prescriptions and methodologies of how to integrate more miscellaneous models and to create joint interface such as
OpenMI (Gregersen et al., 2007). Nevertheless, these
systems are not publicly accessible.
Our aim was to create a hybrid system which would
both enable the collection of data from the professional
and non-professional public, and would be capable of
communicating with the other types of systems, to utilize
and process their data, and on the basis of this collected
data would be capable of predicting new dangers.
Through research it was found out that advantages of
social networks have been more and more utilized during
natural disasters as a way of communicating important
information (Palen et al., 2007). That information can be
broadcasted quicker than by way of other news media.
Faster communication of information could be the key
point for protecting or even saving the lives of the people
living in the area affected by a disaster.
It could seem that information provided by people in
social networks may not be exact or reliable, but in the
fact it is just the opposite. News coming from the administration authorities and big news media are often deliberately distorted (Palen et al., 2007). But it is not only
because of that that social networks can help during the
crises; they can help to bring people together through the
flow of intensive information, and people can solve the
problems together and also better resist the catastrophes

and recover from their effects (Palen et al., 2007). Besides social networks such as Facebook, Twitter, MySpace and others that are used to that purpose, there is also
the emergence of social networks specifically designed
for crisis situations.
The first example of them is the social network IGLOO
(IGLOO, 2007) which together with its members coming from more than 200 countries and the global connection of varied organizations aiming to solve complicated
problems. Recently this network has connected more
than 200,000 research workers, academics and specialists from various spheres including education and administration worldwide. Thus, it improves communication
and co-operation which results in the better effectiveness
of the crisis management and of Rotary’s reaction to the
natural disasters.
Another social network is the Gustav Information Center, which was created in the days when Hurricane Gustav was approaching the Gulf of Mexico. This social network provided people with the necessary information to
assist in organizing the help of volunteers and also in the
evacuation of people before the storm. The network included links to other resources, as well as lists of volunteers, evacuation routes, blogs, photos and videos from
the Gulf Coast, and many more resources to help during
the hurricane (Edwards et al., 2009).
Microblogging and the Microsoft Vine warning system are other tools which will help to predict disasters
such as Hurricane Katrina, earthquakes, pandemics or
to manage critical and emergency situations of any kind
(MS Vine, 2010). People will choose the field of certain
problems and then they will be informed by way of short
status messages and security alerts by using either a Vine
desktop client or via email. The client will be able to
link-up with Facebook and Twitter and will also have the
opportunity to monitor the location of his or her relatives
on a map background in a similar manner as Google Latitude function in mobile Google Maps for smart phones.
Vine is currently available only in America. It should
be a sort of system of last communication, which people
would use to communicate with family when the telephone or mobile network fails (MS Vine, 2010).
SYSTEM OVERVIEW
In the following paragraphs we will describe a system
prototype we have made which currently runs in the testing regime and which is already capable of receiving the
inputs from the users. That system is based on the CaseBased Reasoning methodology (Aamodt et al., 1994) and
it is described below.
System architecture
An essential element of the structure is characterized as
a vertical cross-section of the entire architecture which
consists of these six layers: The user enters a natural
phenomenon (from a particular territory that has caused

some damage or impairments) into the system. The way
the situation is resolved then becomes more reliable.
Based on this collected data, the system is capable of
deriving solutions for new cases via Case-Based Reasoning methodology. The accuracy of estimation will be in
direct proportion to the increase in the number of cases
already correctly entered into the system.

The Corine Land Cover method, which offers various
types of surfaces and their locations, is used to describe
the territory.
The approximate structure of water is characterized by
two indicators - nodes and flows.

Phenomena
One of the key elements of the system is natural phenomena. Based on a specific phenomena’s strength power in
given territory, the system is able to search existing cases
of similar situations from which potential damages and
consequences may be predicted. We have decided that
the phenomena in the system will be divided into a hierarchy and stored in the database in order to develop
a system modularly and independent of the phenomena.
This structure will clarify individual categories making
them easier to work with.
Based on consultations with experts, we created a tree
of categories. To distinguish between the strength of individual phenomena, we have divided each into several
degrees of intensity. These degrees of intensity were determined based on consultations with experts or with the
aid of tested methods for gauging the strength of a phenomenon.
A weighted vector is a part of every end category of
phenomena and identifies the importance of individual
aspects when comparing two cases. Each event includes
three weighted vectors that form a hierarchical structure. At the micro level, there is a vector for the surface according to the specifications of Corine Land Cover
(Bossard et al., 2000). Seven components with a strong
emphasis on the specification of the surface are in the
middle part, namely:
influence of the location of areas of interest, influence
of Corine Land Cover as a complex, influence of river
networks, influence of the slope, influence of the orientation, influence of altitude, influence of neighboring territories.
The highest weighted vector (or vector for the whole
case) then determines: weight of strength significance,
weight of phenomenon duration, weight for similarity
(on which the phenomenon operates).

Flows: flows are used as vectors starting in FNODE and
orientation to TNODE. FNODE and TNODE are labels of individual nodes.

Territory
Exposure of phenomena to a certain type and composition may naturally have the effect of natural and environmental disasters. As already mentioned, this system will
serve to prevent and mitigate these disasters. The aim of
this section is to find an efficient method for describing a
territory.
The territory is separated into two parts. The first part
(raster), determines the composition of a given area or,
more specifically: the percentage of individual components of the surface of a given territory. The second part
(vector), simply describes the river network, which plays
a major role in the operation of any element.

Nodes: nodes are places where the river branches, runs,
or breaks at an angle exceeding the limit angle.

The territory described by a user will be expressed as a
vector containing the specific parameters for a given area
(the vector describing the territory), and will be presented
in the following format.
The first part of the vector is location, to be determined
using the S-JTSK coordinate system (CUZK, 2010). The
second part of the vector is created by using Corine data,
which is made up of individual components of Corine
Land Cover, and expressed in percentages (or values in
the range of 0-1). These values are identified for the particular field of interest as well as its surroundings. This
may affect the territory in which there has been a phenomenon. The third part is the vector river network. As
is the case with Corine data, the river network consists of
two parts - the area of interest and its surroundings.
River inflow and outflow, river junctions, river branching, and river segments are all searched in a given territory. The slope, orientation, and digital terrain model is
used for a more detailed description of the field. These
properties constitute the last three attributes of our vector
(see Fig. 1).
Solutions, the consequences and damage
The solution is a set of measures and other actions bound
to a specific phenomenon, leading to the minimizing of
consequences or damage. The term ”solution” is therefore used to present sandbags, for example, which are
used to prevent the flow of water during floods. Since
our goal was to create an intelligent system, we did not
settle for a mere determination of whether or not a given
solution was used in a specific case.
This is why we define the structure as illustrated in
Figure 2.
The solution is composed of indicators assigning its
jurisdiction to the phenomenon and mainly outlines potential values that may be assigned during this step. If
we define the above example with sandbags as a solution (field values), we also determine the recommended
height for stacking such bags.
The solutions defined as above are only general rules
for a situation (the mere abstraction). To be able to
convert this information into a ”tangible” form, we define a particular solution that represents the specific action in specific circumstances. The main media information is made up of attributes: the success of solution
and index value. Since the minimum and maximum for

Figure 1: Data structure of the vector

Figure 2: Block diagram of follow-up data on the subsequent derivation of a solution
each solution is defined, the following formula is sufficient: RealV alue = Solutionmin + RatioV alue ∗
(Solutionmax − Solutionmin ).
The value ratio was introduced in order to unify the
scale of all phenomena, thus providing an improved
overview. Maximum and minimum values may obviously provide inconsistent values, thus, the introduction
of new, specific solutions to exceed the scale interval is
automatically extended and its values are converted.
Consequences and damage. A formal definition of
consequences and damages is no longer necessary. Now
unwanted phenomena occurring after exposure to a natural element, despite all efforts and measures taken to
prevent it, becomes the priority.
Derivation and solution. The system DIP which we
develop is not only a warehouse of recorded cases of the
past, but is able to intelligently on the basis of experience to derive a solution for the situation which currently
threatens. Selecting the most appropriate action is carried
out using the methodology of CBR.
Activity (score) of the searched phenomenon can be
summarized as follows:

4. The deductible matrix is created and evaluates a list
of appropriate consequences and damage.
5. The deductible matrix is created and evaluates a list
of appropriate measures.
A detailed approach of individual items is described in
the following paragraphs.
Observations of similarities. The first step for deriving an appropriate solution is the calculation of similarity (Watson, 1997) found in sample cases which the
user entered. This number is expressed in the interval
CaseSimIndex ∈ h0, 1i, where 0 indicates the maximum diversity and the number 1 symbolizes the identity.
The similarity is now calculated on two levels as defined
by the phenomenon and its weight vector.
The landscape and its surface structure are derived
at the lowest level of similarity, creating the attribute
LandSimIndex ∈ h0, 1i unit scope. This value,
combined with the duration and intensity of the phenomenon, determines the final congruity of the entire
case CaseSimIndex(CSI)
CSI = SimilarityV ector × W eightedV ector, (1)

1. The user chooses a list of phenomenon that directly
threatens the field of action, intensity, estimated duration and other parameters, described in the scenarios above.

where SimilarityV ector consists of the following
members:

2. The system then monitors all cases, which relate to
similar situations, with corresponding information
describing the territory.

W eightedV ector: similarity of the length of exposure
to the phenomenon.

3. The system monitors all solutions used for the given
phenomenon.

LandSimIndex: similarity of the territory,

An important part of the formula is W eightedV ector
where its components determine how important different
parameters of vector similarity SimilarityV ector are

for the calculation. This enables us to easily determine
which components can be ignored and which we need to
highlight, thus speeding up the calculation.
Creation of deductive matrix. Once we have traced
cases and evaluated their similarity, we can create a deductive matrix that will help us to derive specific solutions. The matrix has a form which is shown in Figure 3.
Rows form our searched cases, while columns define
all the solutions used for the phenomenon. The last line
of the matrix presents the ideal case.
The calculation of the ideal values. Each particular solution is a system characterized by the proportionate value ”success” which is defined as the number
SolutionSuccess ∈ h0, ∞i. A value of less than 1 indicates that the solution was insufficient, whereas a higher
index indicates an unnecessary waste of resources. Ideally calculated values then become the basis upon which
the entire algorithm works - seeking solutions for crisis
situations.
Derivation of the ideal solution is carried out as follows:
1. For each specific solution in the current column of a
deductive matrix:
(a) Calculate the ideal value and solution for the
given event.
(b) Add to the calculated value the potential impact of a phenomenon’s duration.
(c) Add to the calculated value the potential impact of exposure to a phenomenon.
(d) The system derives a weight for the similarity
of the earth’s surface to surface similarities of
both cases and the weight vector.
(e) The system derives a calculation for the total
weight of the final solution.
2. The system calculates the recommended weight average using collected data and adds the item to a list
of recommended measures for the situation.
The calculation of probable consequences. Even after measures are evaluated, it is still necessary to alert
the user of the consequences of this type of phenomenon
and to what extent it is likely that this situation will affect the user. Derivation is equivalent to the calculation
of the recommended solutions of a deductive matrix; the
calculation is simplified by the fact that consequences are
monitored only as a binary value (whether it happened or
not). The result is the number of operations in the interval
Af terEf f ectP robability ∈ h0.1i, where we obtain the
probability of % after we multiply the number by 100.

CASE STUDY
In the system there are inserted data which you can see in
the table 1 in a very simplified sample. The table shows a
few columns of the projection of many attributes inserted
into our case database.
The sample consists of geographical location (latitude,
longitude), time specification of the phenomenon (start
time and duration), phenomenon details (type and intensity) and a group of affected objects.
An actual version of the DIP system user interface is a
simplification of the original DIP design which was presented in (Martinovic et al., 2009). Deployment into the
real conditions shows that users are not able to describe
situations by specifying several constants and generally
by a set of numbers.
The number of details users had to specify was too
high and we think that they were intimidated by it. So
we decided to adapt input form the capabilities of an amateur community.
The results of our efforts can be seen in the following
screenshots. The Figure 4 shows the main application
window where you can see inserted events symbolized by
pushpins on the map. Events may by filtered and sorted
in several ways, such as location or time.
The user can click on one of these pushpins to display
a detailed information window of a selected event. The
event can be modified, or additional information can be
added in this window (see Fig. 5).
However, the user can include his or her own event
description (see Fig. 6) with various details of the events,
including photos or other additional content.
CURRENT WORK
Tests show (Martinovic et al., 2009) the system provides
satisfactory results for the cases where individual events
have no time succession, and therefore this succession
may not be essential. In that case we are satisfied with
the basic techniques of information retrieval and statistics
(Bjarne et al., 2003). During the practical application of
a DIP system, the need to process not only a single moment but whole time intervals representing individual situations arose. Nonetheless, some information cannot be
described by a single time moment; possibly this single
moment would give almost no evidence.
Our aim is to provide users with a freely accessible
tool which would be capable of helping the public with
a progressive description of an event which would last
longer and would be inserted into the system. It should
be satisfied in the simplest way. These situations will be
progressively put together from the individual snapshots
and each user will be allowed to enter some parameters,
and thus gradually help to describe the whole situation.
We do believe that the social network which will arise
within the system will achieve to sufficiently motivate the
user to enter details of the events. The exact information
in the numerical form, verbal description as well as illustrative pictures will be welcome, both coming directly

Figure 3: Appearance of deductive matrix

Figure 4: Main application window
from the users or, for example, automatically from other
systems. For longer lasting phenomena (meant longer
than one moment) the term episode was introduced by
(Sanchez-Marre et al., 2005). Each of these episodes
consists practically of 2...n cases (so called snapshots)
which has the form of film tape consisting of single photos. At least one parameter needs to be fulfilled on each
snapshot (see the Fig 7).
It is evident that the denser the series of shots is, the
more exact picture about the situation we will have. Via
the suitable interpolation or approximation of the points
(see the Fig. 8) we are capable of getting close to a real
picture of the situation (respectively about the progress
of an individual phenomenon) which is inserted into the
system.
This extension of the situations’ descriptions leads to

a change in the requirements of saving the data and
especially their extraction from the database. Thus
CBR methodology for these kinds of situations is replaced by its extension called Episode Base Reasoning
(Sanchez-Marre et al., 2005), which operates with only
these episodes. In the case of successfully obtaining the
episodes, the knowledge from the field of time series
could be used to add precision to the prediction. At the
same time we could thus discover a suitably derived parameter for better indexing and tracing of the episodes.

DISCUSSION
Besides the comments directly inserted by the users,
the system could be suitably extended by the automatic
download of additional information. Data could come

Table 1: Case sample data
Case name
Flood in Ceske Budejovice city,
the Malse River flooded
Huge rainstorm, the Granicky
brook flash-flooded.
The town of Znojmo,
part of the town flooded.
Dam break in Horce n. Moravou,
local inundations.
Senov u Noveho Jicina, intensive
rainstorm, flooded houses.
...
...
The town of Bezkov, intensive
snowmelt, brook flooded.

Lat.
Long.
48.98
4.47
48.87
15.95
48.86
16.05
49.64
17.21
49.59
18.02
...
...
48.86
16.05

Duration
Date
5 days
7.8.2002 17:00
2 hours
2.5.2004 20:00
3 days
28.3.2006 17:00
3 hours
2.4.2006 7:00
3 hours
24.6.2009 20:00
...
...
3 dny
28.3.2006 17:00

Ph.type
Ph.strength
3
4
5
2
3
3
3
3
5
4
...
...
3
3

Aff.buildings
Crisis staff int.
false
true
false
true
true
true
false
true
true
true
...
...
true
true

Aff.util.lines
Aff.comm.
true
true
false
true
true
true
true
true
false
true
...
...
true
true

Figure 7: Snapshots collection mapped to a timeline
from measurement and observation gauges as well as
from other systems. Suitable parameters could be, for
example, precipitation depth, temperatures etc. coming
not only from professional gauges but also from the amateur meteorological stations which often publish their
measurement in accessible sources.
As was stated in the Introduction, the goal of the work
was the development of a hybrid system combining the
possibilities of the two disaster management approaches
discussed above. It will be accomplished by the connection of the DIP system with the FLOREON+ system
(Unucka et al., 2009; Vondrak el al., 2008; Martinovic
et al., 2008).
Information about the events manually inserted into
DIP by its users will be continually and without the necessity of the operation updated by FLOREON+ system,
which could be thus understood like another - automatic
- user of the DIP system. FLOREON+ is a complex
and modular system for hydrologic and environmental
modelling (Unucka et al., 2009). System FLOREON+
partly disposes of automated hydro-meteorological data
collecting, partly of the automated computational cascade of rainfall-runoff and hydrodynamic models. The
hydro-meteorological data is collected from the network of gauges professionally run by the Czech hydro-

meteorological institute and the Povodi Odry state enterprise (the River Odra basin management state enterprise) and are used as the inputs of the hydrologic models. On the side of meteorological inputs, data about
precipitation depth is most important, followed by data
of air temperature and snow pack (thickness and water
equivalent). The time step of the obtained precipitation
depth and temperature data is 1 hour. On the side of hydrological inputs the data about hourly discharges at the
hydrologic gauges are obtained as well. This discussed
data is used within the FLOREON+ system as inputs of
the calculation of the runoff response to causal rainfall
(possibly runoff caused by snowmelt) or as the reference
data to optimize the model parameters (to model calibration). The outputs of these models (hydrographs, also
in the profiles over and above the professionally monitored gauges and gauges of professional hydrologic prediction) together with the observed discharges are then
used as the inputs to the hydrodynamic models which
solve the water routing in the riverbeds, and possibly outside the riverbeds during the floods. One of their outputs
is the spatial localisation of potential flood lakes. The
whole cascade including the postprocessing of the models’ outputs and the web visualisation of the results is
the constituent of a fully automated server solution and

Figure 8: Interpolated shapshots values

Figure 5: Event details window

Figure 6: New event details inserting

nowadays its outputs are used as a basis for decisionmaking within the disaster management. In the future
the FLOREON+ system outputs should be among others used as an automatic user of DIP system, which
is intended for the level of the near real-time information (update of hydro-meteorological data measured at
the gauges, signalisation of achievement or exceedance
of the flood emergency degrees etc.) as well as on the
level of hydrologic situation prediction (hydrographs and
flooding predictions, prediction of achievement or exceedance of the flood emergency degrees etc.).
The classic imperfection of the professional gauges’
networks is their spatial density, which can be insufficient for some purposes (e.g. estimation of convective
rainfall effects in the landscape etc.). A possible way
to solve these problems can be the use of the precip-

itation radar measurement outputs. At the level of the
gauge network the solvers team works on the automatic
collection of the data measured by amateur meteorologists. Organized efforts in linking the hobbyist and the
nation’s demand for weather data is not new (e.g. (Bristow et al., 2005; COOP, 2000)). These meteorology enthusiasts could supplement the professional gauge network and they could serve as another user with automatic
data update to the DIP system and its social network. On
top of that they could provide input data for the hydrologic models of FLOREON+ system.
It is evident that data obtained by the amateur meteorological stations measurements are tainted by some
amount of uncertainty which could often be quite significant. Measurement of the meteorological factors at
the professional level follows the strictly given rules and

standardised procedures and the gauges are calibrated.
Localization of these gauges is not random. Amateur
meteorological stations can hardly fulfil these conditions.
However this is not a problem that could impede their implementation into the DIP system. The information coming from these kinds of users can very suitably and effectively supplement the knowledge of actual conditions,
particularly during spatially limited events and possibly
localised between the points of the professional observation network. In the question of their potential use
within FLOREON+ system the solutions team is aware
of the necessity of the homogenisation of this data coming from two different measurement sources (professional and amateur). Thus the use of the amateur data
will first need to be carefully and theoretically elaborated
and practically tested besides the official use and outputs
of FLOREON+ system.

Ishioka, T. (2003). Evaluation of Criteria for Information Retrieval. The National Center for university Entrance Examinations, Japan, 2003.
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