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Abstract. The development of non-structural measures such
as an early warning system, across the Europe, in flood risk
management, requires a better understanding of the public
involved and of the territory threatened. This paper aims to
conduct an assessment of early warning and information to
people with an analysis of the population’s behaviour, pre-
sented in a form of an event tree. The objective is to under-
stand the strengths and weaknesses of the warning system
during a deadly flood in the lower Siret River (Romania) in
2005 and to demonstrate that each warning system has to
be adapted to the territory in which it is effective. The be-
havioural model aims to determine to what extent the warn-
ing system can be improved but also to suggest ways to adapt
risk education to the study area.

1 Introduction

During the past years, a significant change in the Roma-
nia hazard management system took place due to two ma-
jor events. First devastating floods and thunderstorms hit Ro-
mania in 2005 causing 76 deaths and material damages esti-
mated at 1.7 billion euro (M.M.G.A., 2006). In some regions
of the country, these floods have exceeded in terms of magni-
tude, surface inundated or damage, all events produced in the
last half century (Zaharia et al., 2006). In July 2005 a flood
hit the lower Valley of the Siret River. It is the most important
river in Romania (726 km in length and 42 890 km2 area of
the catchment), draining the east of Romanian Carpathians
(Fig. 1). The maximum discharge recorded during this flood,
at Lungoci gauging station, was 4650 m3 s−1 (Romanescu
and Nistor, 2010), and in some places the water reached a

height of 4 meters. It was the biggest discharge recorded at
this station since 1955, the year of the beginning of stream-
flow measurements (the mean annual discharge at Lungoci
station is 210 m3 s−1). Twenty-three victims and several mil-
lion euros of damage have been reported. This historic flood
has highlighted the defects of the flood protection system in
Romania, including gaps in non-structural measures.

The second event is the integration of Romania in the Eu-
ropean Union. Until the 2000s the system of defense against
floods in Romania, consisted mainly of structural measures:
regularisation of river channels, embankments and dams. It is
now recognised that structural flood control alone is not suf-
ficient and does not solve the flood problem (Kundzewicz,
1999; Merz et al., 2010; Bradford et al., 2012). Since the
integration of Romania into the European Union, the Roma-
nian Government has introduced new legislation to imple-
ment the Water Framework Directive (2000/60/EC) and the
Flood Directive (2007/60/EC). Currently a national strategy
to fight against floods at short- term and medium–long-term
(2011–2030) is in operation (Bousquet, 2008). This strategy
has three major aims: to create a better coordination between
services for flood control at all levels (i), to redesign and to
reorganize the structural measures (ii), and to introduce non-
structural measures such as risk education, warning system
or public participation (iii).

The flood warning system intends to inform as soon as
possible the population of an imminent threat of a flood and
thus reduces the loss of human lives and limits damage. It in-
cludes three components (Mileti and Sorensen, 1990): the de-
tection system (collection and analysis of information, flood
forecasting), the management system (composed of national
and local emergency management officials) and the response
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Fig. 1. Localisation of the lower Siret River and of the village of
Vadu Roşca.

system (transmission and reception of warnings to the pop-
ulation concerned). This last point appears the most com-
plex because its effectiveness depends on the behaviour of
populations. It consists of three phases: ante-event informa-
tion and education/crisis behaviour/post-event review. Un-
derstand how the public responds to the warning is crucial
to determine which information should be disseminated to
the population in order to increase public trust in authori-
ties and the capacity to act when a flood occurs (Bradford et
al., 2012). The behaviour of populations depends essentially
on the context in which the flood occurs (Handmer and Ord,
1986; Sorensen and Mileti, 1989; Handmer, 2000). Several
criteria can be selected:

– The characteristics of the event (Flash flood/slow
flood/territory which has regularly floods).

– When flood occurs (day/night/weekend).

– The socio-economic context (age of populations, re-
sources).

The difficulty is that these systems cannot be universal: the
warning system must be adapted to the territory where it is
effective. This present study aims to conduct an assessment
of early warning and information to people, as it took place
on the lower Siret River, in July 2005, with an analysis of the
behaviour of the population. The objective is to understand
the strengths and weaknesses of the system and thus, deter-
mine to what extent it can be improved but also suggest ways
to adapt risk education in the study area.

2 The study area

The village of Vadu Roşca was chosen for the purpose of the
investigation because this village was the most severely af-
fected by flood in July 2005. Vadu Roşca is located on the
right bank of the Siret River, upstream of its confluence with
the Putna River (Fig. 1). The village is surrounded by a net-
work of earth levees which protects the area from floods of
the Siret River (on the right bank) and the Putna River (on the

Fig. 2. Example of damaged houses in Vadu Roşca after the flood
of July 2005 (pictures: F. Salit, June 2012).

left bank). These structural measures against flood were im-
plemented in 1972, after a major flood in May 1970. During
the flood in 2005, this network trapped the water of the Siret
River and the Putna River into Vadu Roşca, causing seven
deaths (Salit et al., 2012). It is a rural village where the ma-
jority of the population lives from agriculture. This village
of 1276 inhabitants (2007) is part of the Vulturu commune,
located more than 10 km away, that is to say that Vadu Roşca
itself does not have a town hall. Seven years later, traces of
the flood are still visible in the streets of the village or on the
facades of houses (Fig. 2).

Also the study of the economic and social context is essen-
tial in the case of this village. On the one hand, there has been
for several years a pronounced rural exodus. On the other
hand, many houses belong to Romanians who work abroad.
These houses are new and unoccupied for a large part of the
year. It is easy to recognise them because they differ from the
traditional habitat; they have one floor, in brick or concrete
block (not mud) and have raised foundations.

3 Data and method

Assessment of the warning system during the flood of
July 2005 has two aims: it allows us to identify the faults
and qualities of the system and also to trace the information
given to the local population so as to bring it more in line with
the territory studied. In research on warning systems “context
is everything” (Parker et al., 2008). The historical, political-
economic, socio-cultural contexts are major elements of the
effectiveness of a warning system: either in its conception or
in its reception by the population. This is why warning sys-
tems adopted in other countries, or even in other catchment
areas, are not fully adaptable without local changes. The ba-
sic principles can be transposed but adjustments are essential.
Three categories of individual factors influence the ability of
response to imminent danger and therefore influence the ef-
fectiveness of a system (D’Ercole, 1991; Mileti, 1995):

– The nature of social relationships and responsibilities.
I. Ruin, in her PhD thesis in 2007, shows that women
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with young children tend to take more risks and do not
follow the instructions.

– The socio-economic and demographic characteristics.

– The psychological and cultural characteristics.

It is necessary to expose the basic principles of behaviour
in crisis situation, as these affect the response to the warn-
ing. Five steps have been identified in the behavioural model
(Mileti and Sorensen, 1990; Ruin, 2007):

Hearing the warning: it is an essential first step to hear
the alert, either by sirens or by other types of alarm.

Understanding the message: even if the message is
heard, the content is not always understood. It depends
on the socio-cultural context or the experience of the
people. And it also depends on the message itself and
the preparation of the population to these situations.

Believe: most of the time, people do not believe in the
warning and need to verify the information. This need
of confirmation has been identified by several authors
(Mileti and Sorensen, 1990; Sorensen, 2000; O’Sullivan
et al., 2012). Parker et al. (2009) made a comparison of
several studies on the behaviour model across Europe.
In this comparison he noticed that the need to confirm is
one form of behaviour that can be found in all countries.
The information to take into account must be received in
different forms (plurality of sources). It must be credible
and accurate for people to take it.

Personalizing the warning to oneself: a person assesses
the risk to oneself according to one’s proximity to dan-
ger and one’s knowledge or personal experience.

Responding by taking protective action: people can act
if the warning happens in sufficient time. Also it implies
knowledge of the means of protection adapted to the sit-
uation.

It is from this behavioural model and from the study of
Molinari and Handmer (2011) that the assessment of the
warning system in Vadu Roşca was conceived. While the pre-
vious authors’goal was to predict the ability of people to act
in order to assess the damage caused by flood, the present
study described in this paper aims to assess the warning sys-
tem using Molinari and Handmer’s methodology (2011).

An event tree is a graphical representation of an inductive
procedure that shows all possible outcomes resulting from
an accidental event (Rausand, 2004). Each action is called an
event. The analysis of the results is based on a binary logic
in which each event takes place or not. The tree itself is ad-
justable to the situation under investigation as well as to the
answers provided (USACE, 1994; Rausand, 2005). The ap-
plications of this approach are multiple but it is mainly used
in risks analysis (in engineering or in the nuclear industry

(Fullwood and Hall, 1988). But the event tree is especially
appropriate in identifying the need of improvement of pro-
tection systems and other safety features. The results provide
a real basis for work in the assessment of protection systems
(Rausand, 2005). A combination of closed and opened ques-
tions are adopted. Closed questions and event tree represen-
tation allow a rapid visualisation and interpretation of results.
Moreover, supplementary open questions allow a more accu-
rate interpretation of the results (Bird et al., 2009). The vari-
able “time” is not included in this method. Thus, this analysis
includes the fact that people did not act because the warning
was given too late, not because they were incapable of ac-
tion. The survey questions and the choice of interpretation
are presented below:

1. Were you aware of the approach of the flood? (Warning)

The people were aware of the alert if they were warned
at least two hours before the start of the flood. For ex-
ample if they knew that the water came in when their
houses were flooded, the answer at the question is no.
If the answer to the first question is no, the remaining
answers are negative, and it may take into account only
the last question on possible actions.

2. Was it an official warning? (Official)

The warning was considered to have been official if peo-
ple were warned by the mayor or town hall employee,
by sirens or by the police. If this was not the case, they
have to specify the source. To this question multiple an-
swers were suggested (television, friends or family) to
facilitate the autonomous completion of the question-
naires.

3. Did you feel concerned by the warning? (Trust)

The language and vocabulary were adapted to this spe-
cific population for the translation of this question in
Romanian. Literally the question was: did you under-
stand that the warning concerned you or your house?
(The word gospod̆arie in Romanian has no precise
equivalent: it refers as much to movable property as the
home or family).

4. Did you check the information? (Confirmation)

More accurately, in romanian: did you check whether
the information was correct?

5. Did you take action? (Act)

This time it was decided not to specify options in the
subsidiary question. Interviewees might have felt guilty
or ashamed of not having taken certain measures. Thus
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Fig. 3.Results of the 66 questionnaires.

during the interpretation of the results, to flee or to climb
on the roof were not considered as a measure of protec-
tion against flood. However if the evacuation concerned
other persons or goods (children, animals, important pa-
pers) the answer is considered as a positive response.

This survey uses three approaches: (i) in order to test
the questionnaires and to adjust the interpretation of results
based on people’s responses, the interviews were conduct
first, in the streets of Vadu Roşca. 34 people were inter-
viewed. In fact there were more, but the couples or fam-
ily members were met together (the number of interviewees
may at least doubled). One questionnaire was completed per
household in case of individual answers were similar or in-
fluenced by each other. (ii) To reach a wider audience and es-
pecially people who work during the day, the questionnaires
were submitted to teachers of history and geography at the
local school. This method gave a formal and official charac-
ter to the process. Thus not only parents, but grandparents
too, could answer. In addition, teachers were able to validate
the questionnaires; they are in daily contact with the popula-
tion and could assess the feasibility of the approach. 24 ques-
tionnaires were collected: teachers have 30 students living in
Vadu Roşca, including many of the same family; the number
of questionnaires was consistent. (iii) Finally displaced per-
sons after the flood were interviewed: 147 houses were built
in the nearby village (named Vulturu) for the affected fami-
lies of Vadu Roşca. Eight people of this area were questioned.
A total of 66 questionnaires were analysed.

4 Results

As most of the young people and adults (mainly men) are
left to work abroad, the current population in Vadu Roşca
and Vulturu villages consists of elders and children. Under
these conditions, the majority of those surveyed is over 50 yr

Table 1.Profile of respondents.

PPPPPPPGender
Age

15–29 30–59 60 and more Total

Male 2 15 10 27
Female 4 19 16 39

Total 6 34 26 66

(Table 1) and is retired or unoccupied (although they typ-
ically pursue an agricultural activity). Many were strongly
marked by the flood; they acted as if the event had occurred
the previous day. Everyone remembered the event. The con-
versations were sometimes painful, because some had lost
relatives or property in the flood.

The results are summarised in Fig. 3. Results highlight
that:

– Only 45.5 % of the 66 people questioned, were aware of
the warning regardless of whether it was official (70 %)
or unofficial (30 %). Thus, only 31.8 % of people ques-
tioned were aware of the official warning. This rate is
too low to consider that the official warning was effi-
cient.

– Among those who received an official warning, 57 %
did not trust it or not feel concerned by it. The result
is paradoxical: only those who understood they had to
be concerned by the warning felt the need to check in-
formation (77 % of people who had confidence in the
official warning sought confirmation).

– By adding the probability of action for each possible
branch it is found that 27 % only acted, of whom many
received warnings too late or only understood what was
happening when the water entered their homes.

Nat. Hazards Earth Syst. Sci., 13, 409–416, 2013 www.nat-hazards-earth-syst-sci.net/13/409/2013/
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Fig. 4.Detailed results of the questionnaires in Vadu Roşca, Vulturu and at school.

– Less than half of the people warned acted (46 %) but
about 52 % of people took some kind of action after the
official warning. They tried, in most cases, to shelter an-
imals and protect important papers.

– There were few differences between the various sources
or methods of questionnaires (Fig. 4). 50 % to 62 %
of respondents received no warning. Among those who

received a warning, 50 % to 76 % received it by an offi-
cial way. The results were similar, except on one point:
in the responses from the school, people had confidence
in the alert given by the town Hall. Perhaps this was due
to the source of the investigation: the school was consid-
ered here as the investigator, an official institution and
also the respondents were perhaps not inclined to criti-
cize the town hall. Whereas in Vadu Roşca about 84 %

www.nat-hazards-earth-syst-sci.net/13/409/2013/ Nat. Hazards Earth Syst. Sci., 13, 409–416, 2013
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of people who received an official warning had no con-
fidence on this one.

5 Discussion

5.1 An inefficient warning system

Less than half of the population received a warning the day
before the flood (although two were warned several days be-
fore). Two facts can explain this rate. First the warning it-
self was given from door to door, and not everyone could be
reached. Then the local authorities hesitated to warn the in-
habitants. For several days, the Siret River was placed under
surveillance: the town Hall inspected dykes in order to as-
sess their state. But water arrived first from the Putna River, a
factor not expected by the authorities. The water came from
upstream from the Putna River; water from the Siret River
then flowed through the village. These circumstances weak-
ened the warning messages, as the initial threat did not come
from the river nearest the village but located several kilome-
ters away. The first principle of warning system requires that
the warning must be clear (USACE, 1994). But in this case
the lack of knowledge of the vulnerability of this area con-
ducted to a confuse message. The extent of the phenomenon
was widely underestimated by the authorities and by the in-
habitants themselves: they attempted to have less than 50 cm
of water in their houses. 54.5 % of population questioned
were warned in an informal way. In most cases they were
warned by their family. Longer interviews with victims were
conducted in various surveys, in which specific information
channels emerge. Relatives living upstream on the river came
to warn the family members living downstream. These ele-
ments highlighted the role of unofficial warning. These net-
works are not easily quantifiable, and studies show the prob-
lems of assessing their effectiveness (Parker and Handmer,
1998). One can retain several elements: the role of the col-
lective memory is undeniable. On the one hand, people’s ex-
perience lead them to develop reflexes against the warning,
but on the other hand, people who have experienced a flood
tend to underestimate the danger (Gardner and Stern, 1996;
Brilly and Polic, 2005).

5.2 The population experience

The majority of respondents, as mentioned before, has more
than 50 yr and had always lived in this village. During the
various interviews, they all spoke about flooding of the Siret
River before 1970. The floods were frequent, once or twice a
year, but they were slow, of low-intensity, with never more
than 50 cm of water in the village. Since the major flood
in May 1970, embankment and regularisation of the river
changed flood patterns. Two elements came into play: dykes
led to the feeling that the flood danger was over, or else
flooding, as a recurring phenomenon, has been forgotten.
Since 1970, no floods of high amplitude have been recorded,

 20 
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Figure 5. Inhabitants saving a cow in Vadu Roşca during the flood of July 2005 (Picture: 3 

Administraţia Naţională « Apele Române ») 4 

Fig. 5. Inhabitants saving a cow in Vadu Roşca during the flood of
July 2005 (Picture: Administraţia Naţională “Apele Rom̂ane”).

corroborating the popular sentiment. Moreover, for the peo-
ple, if there is a flood it will be a flood of low intensity
just like before. Changes in the dynamics of the Siret River
were not taken into account. This experience of the river, this
“popular wisdom” (Parker and Handmer, 1998) strongly in-
fluenced the behaviour against the warning of 2005. They
relied on their old knowledge of the river, without taking into
account the extent of the changes made since the 1970s.

5.3 The role of the animals

This question may seem secondary, but it appears from var-
ious interviews that animals play of major role in the be-
haviour of people. Some studies investigate the role of an-
imals, pets most of the time. People are able to take risks to
save their cat or dog (Wilson, 2006). But the situation in Vadu
Roşca does not concern pets. Each household has few ani-
mals, a cow, a pig and some poultry. They are not necessarily
farmers; these animals are kept for subsistence purposes or
else out of tradition. Beyond the affection they attract, they
are also a source of income or an aid to self-sufficiency. In ev-
ery interview, the population mentioned their animals: some
barely had time to remove them (Fig. 3), others were injured
while trying to save them, and others wept when telling us
how they lost their beast. People were willing to risk their
lives to save their animals and, in more than 60 % of cases, it
was their first act once they received the flood warning. This
factor has to be built into the information given to the popu-
lation. It highlights the need to think ahead about a possible
shelter for these animals, or at least take advice on what to
do.
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5.4 Little unsolicited media

Several studies demonstrate the need for people to check the
information and to seek confirmation from the media (Parker
et al., 2009). 40 % of respondents in Molinari and Handmer
surveys (2011) in Australia sought confirmation of the flood
on the radio or on television. In France, the bulk of infor-
mation to the public in theVigicrue system is broadcast on
the media: radio, television and, increasingly, the internet. A
colour code and advice on behavior have been developed and
disseminated on weather or information channels. A similar
system exists in Romania in the form of a hydrological warn-
ing, initiated by ANAR (National Administration of Roma-
nian Water) and accompanied by a map and a description of
the basins or sub-basins concerned. On reading the results
of the questionnaires, only two people sought confirmation
in the media. The population lives primarily outside in the
spring or summer and does not automatically refer to the
media as an urban population habitually does (Llasat et al.,
2009). Thus an alert system in which the media could play
a central informative role is less easily adaptable to this type
of population. Other approaches should be introduced, like
sirens or church-bells, as requested by the population itself.

6 Conclusions

The warning system is an essential component of non-
structural measures in the fight against floods. The event tree
model is a tool to assess the warning system effectiveness and
to determine each element which affects people’s behaviour.
The results of the study show that the warning system, during
the flood of July 2005 on the lower Siret River, had weak-
nesses that led to many casualties. The people were warned
too late to act and when they were warned, they did not trust
the warning. There are many factors on this behaviour, in-
cluding the experience of earlier floods. The questionnaires
suggest ways to improve information to the people, including
the introduction of advice behavior in crisis situations. Hav-
ing good preparation and reflexes before an event, is crucial
in limiting damage during a flood.

The warning system has undergone improvements since
2005 in Vadu Roşca and the whole commune of Vulturu:
sirens have been installed, a local committee of emergency
has been created, but these have not been tested during a
flood and people are not really aware of these changes.

Involvement of the public in the implementation of a de-
fense strategy against flood is an essential element of the suc-
cess of an integrated flood risk management but this paper
shows that there is a gap between population and authorities.
The application of this method to other villages or after new
events and the collaboration with local flood management au-
thorities will improve the warning system effectiveness in the
lower Siret Valley.
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