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Abstract

The paper aims to develop indicators of social exdbility related to flood impacts on the
regional level. Impacts are seen here as a funcidhe exposure as well as the vulnerability
dimensions. Because key vulnerability factors idelseveral variables that cannot be found in
statistical databases, such as preparedness azhed, mental coping capacity, social relations,
and trust, an approach based on questionnaireyauimstead of only using statistical data from
institutions was chosen. The analysis is based mrempirical survey conducted in the
Bodrogkdz area and in the Bereg region within tiezd flood basins. We found that while the
most important variables influencing impacts wehe &xposure level and the geographic
location, the most important factors of vulnerapilWwere found to be the following: health,
education, savings, opportunities of taking lodansst in the members of the community and in
institutions, and perception of preparedness ditui®ns against floods. Based on the results we
give some policy recommendations with regard tadasing the resilience of the exposed
communities. These include, increasing public spgndn education, strengthening social
cohesion, introducing contingency loans so thatrdwaing is feasible also for the poorer
communities and improving flood preparedness byviding relevant information for
inhabitants.
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Introduction

In large parts of Europe, extreme weather events) as heavy precipitation, wind storms and
heat waves, are expected to become more frequehindégnse in the future due to climate
change (Parry et al. 2007; Alcamo et al. 2007). e\mv, climate-related extremes already put a
heavy burden on Europeans at different scales, fronseholds, businesses and governments to
the European Union. They differentially affect sigidepending on geography, as well as the
economic, social and cultural context of those erplo including age, health status, education,
income, indebtedness, to name but a few factorgibating to vulnerability (Linnerooth-Bayer

et al. 2005). Hence, a better understanding ottimeplex relationships of these factors will also
help to decrease vulnerability against extremesereffectively not only for today but also in the
future.

The term “Vulnerability” is nowadays a concept wittultiple and ambiguous meanings, used
within a broad range of disciplinary contexts, udihg geography, anthropology, engineering
sciences, ecology, and economics. For example,ewhil the context of climate change,
vulnerability is defined as “the degree to whickystem is susceptible to, and unable to cope
with, adverse effects of climate change, includatighate variability and extremes. [...] is a
function of the character, magnitude and rate whate change and the variation to which as
system, is exposed, its sensitivity and its adaptiapacity” (IPCC 2007: p.27), in the disaster
community vulnerability is defined as “The charaistiics and circumstances of a community,
system or asset that make it susceptible to theagmm effects of a hazard” (UNISDR 2008: p.
12). Hence, in the later terminology vulnerabiigyindependent of its exposure. To make things
even vaguer, in the disaster community it is comrnwmse the notion of vulnerability more
broadly and usually vulnerability includes the edmtis exposure (UNISDR 2008). A more
workable definition of vulnerability for this artee comes from Turner et al. (2003) which
defines vulnerability as the degree to which aeypsor subsystem is likely to experience harm
due to exposure to a hazard, either as a pertarbatr stressor. Most importantly in this
approach vulnerability incorporates not only expedout also resilience, now a key concept in
vulnerability research, which refers to the capacit the system to absorb disturbances and
reorganise, while undergoing changes to retainnéisdlg the same function, structure, and
identity (Walker et al. 2002). Hence, resiliencergases vulnerability.
Still, at this level of complexity it is difficulto carry out any empirical research and focus on
some dimensions of vulnerability is necessary. Gdlyespeaking, the different dimensions can
be grouped into physical, economical, social andrenmental factors as listed below (Kohler
et al. 2004):
» Physical: related to the susceptibility to damafiemgineering structures such as houses,
dams or roads. Also factors such as population tromay be subsumed under this category.
» Social: defined by the ability to cope with impaotsthe individual level as well as referring
to the existence and robustness of institutiordetd with and respond to natural disaster.
= Economic: refers to the economic or financial cégato refinance losses and recover
quickly to a previously planned economic activigthp This may relate to private individuals
as well as companies and the asset base and armanige or to governments that often bear
a large share of a country’s risk and losses.
= Environmental: a function of factors such as land water use, biodiversity and stability of
ecosystems.



Furthermore, natural disasters may cause a vaoiegffects which are usually classified into
social, economic, and environmental impacts as aslccording to whether they are triggered
directly by the event or occur over time as indireffects. In this paper social and economic
vulnerability is looked at only, and exposure sated as a separate variable, both together with
vulnerability leading to damages and indirect efd€igure 1).

Exposure

Impacts (damages,
indirect effects)

Vulnerability

Fig. 1 Exposure to hazard, vulnerability, and impacts

It is a central issue and one of the key goaltiéulnerability research community to find out
what factors determine the vulnerability of indiwads, communities, organizations and systems,
and how vulnerability can be reduced (UNU-EHS 2008 purpose of this paper is to develop
regional indicators of social and economic vulnéitgbto flood damages in the Upper Tisza
region. We hypothesize that many key vulnerabifiigtors cannot be found in statistical
databases, such as preparedness to the hazard) owmhg capacity, social relations, and trust,
among others. For this reason we use a standarduestionnaire so that these variables can be
incorporated within this study design.

The paper is organized as follows: The next sedhtoduces to the problem of the Hungarian
floods, than the questionnaire, sampling methodfaatlexploratory results. Section 4 presents
the results separated according to bivariate antvarate relationships found in the statistical
analysis of the data. Finally, section 5 ends witliscussion of the results and conclusions.

The background

One of the highest flood risk areas in HungarhesWpper Tisza river basin in the northeastern
part of the country. The intensity and frequencyl@dd disasters in this region, appear to be
increasing because of development and farmingipeacin the exposed areas, deforestation and
other land-use practices, the regulation of therrignd neglect of the drainage systems.
Worsening weather extremes due to climate changeamsa be a contributing factor. Since
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1998, record breaking water levels of the riveréhagcurred annually, but the extensive network
of levees surrounding the river have prevented magses. The flood of 2001, however, burst
through the protective levees and caused extedsinege in the Bereg region.

In Hungary, flood prevention, mitigation, and emergy management has traditionally been the
responsibility of the National Water Authority ad@ regional water management directorates.
During the state socialist period, the water mamege authorities established a strong
hierarchical system with a staff of approximate,0, but after the political transition this
system was significantly reduced to approximate)908 persons and several tasks (e.g.,
maintenance of smaller dikes and municipal drainagsetems) were assigned to local
governments. However, local authorities do not sssufficient funding and expertise to meet
these responsibilities. They are increasingly gdn local capacities, especially the skills of
their residents.

The principles of flood control development policthe Vasarhelyi's Plan

Floods are no abnormal events on the Hungariansiitieey are inherent features of the natural
hydrologic regime. Floods have occurred in the pastwill occur in the future, Man must adapt
himself to them. Floods by themselves spell nosiesasuch situations arise in the wake of a
failure of the defences and subsequent inundafitimeareclaimed flood plain with losses in
property and life. On some Hungarian rivers floedels are liable to rise and the hydrologic-
hydraulic parameters of flood wave travel are katiol change owing to the combined impact of
unprecedented extreme hydrometeorological conditiord of human activities in the
mountainous, but also in the predominantly flatngiarian parts of their catchment.

Flood control developments must be implemente@sponse to the needs of society and geared
to the capacity of economy. Efforts must continusteengthening the main levees, of which no
more than 63 % of the main levees meet presendl\sdtiety standards (crest height, stability)
prescribed. In relation to the recent flood evéh®98-2001) in the Tisza basin the attitude of the
population has been changed. The floods calledttieation to the importance of the safety, as
well as to the limitations and the uncertaintieghsd protection. Therefore the development of
new concepts has been driven in the wake of fojomil@ods within a 28 month long period. It
become evident that new opportunities of flood deéehave to be explored and assessed, they
have to be analysed and systemized.

Underlying the majority of early flood control déepments had been the desire to reclaim flood
plain lands and to raise property values. Theses &iave played a decisive role in adopting 150
years ago the method of flood control, that is ¢bastruction levees, which became by now
organic features of the landscape. Changes indstihave since shifted emphasis in assessing
flood damages from crop losses to direct hazardheopopulation and the destruction of its
homes, placing the safety of human existence otofhef the list of priorities.

Interests have changed fundamentally parallel ¢oréievaluation of the role of flood control.
The total loss of property, especially of their leommas become an unacceptable risk to the
population exposed to flood hazards and the lighdf the state for compensating damages has
surmounted the costs of improving flood safetyeddtively minor affected areas already.

The paper reports on the mapping and inventoryossible interventions in the Tisza valley in
line with the aim to protect people and assethédrea and develop the ecology of Tisza, its
tributaries and the floodplain. Possible measurelside:



- storage in the upstream (abroad) part of thehoagnit

- increasing conveyance capacity of flood bed

- low-land storage

- heightening flood protection levees

Based on this concept the optimal development pdiic the Tisza-valley flood protection
system is the combination of different technic#latives providing also an opportunity for the
rehabilitation of the Tisza River and the neighliogifandscape.



Methodology

Sample

A face-to-face questionnaire was administered in twgh-risk flood basins (Bodrogkdz and
Bereg) of the Upper Tisza regiprwith samples of 400 interviewees in 18 villagesthe
Bodrogkdz area and 300 interviewees in 22 villaigethe Bereg region. Data collection was
conducted in January 2006 in Bodrogkoz, and in Au@®06 in Bereg. The interviewees were
chosen randomly from the population by the demducsb quotd This quota ensured
representativeness of the population in the samytle respect to gender of the respondents,
their age (approximately half of the respondentssisted of adults below 29 years of age and
above 60 years of age), and education (most regptschad less than 8 classes of primary
school, with Bereg showing a larger amount comp&sdgbdrogkdz) .

Method
The purpose of the questionnaire was to obtainrmmédion from the respondents on their
exposure, vulnerability and impacts from previdosds:

e Exposure: The water management authorities classify settteémaccording to their flood
exposure; however, due to differences in elevatimre is differential exposure even
within one settlement. For this reason, we choselpinstead on the respondents’ self
classification of their exposure as part of thestjoanaire.

e Vulnerability: We initially hypothesized that flood vulnerabilitig related both to
individual and community preparedness and to s@eidl economic characteristics, such
as health, education, economic activity, income&jngs, and social capifalAs a basis
for the questions, we made use of vulnerabilityigatbrs found to be relevant in the
international literature (for example UNU-EHS 20083 well as in the findings of our
earlier research (Véari and Ferencz 2006)

e Impacts: Only a very small number of people have lostrttiees in floods in Hungary
during the past decades, and damages have beeaaripyriaf economic and social nature.
Therefore we focused questions on exploring sugaats.

Table 1 lists the components of exposure, vulnétalind impacts that formed the basis of the
survey questions.

! Data collection was supported by the followingasmigations: United Nations University and the Resfetnstitute
for Soil Science and Agro-chemistry of the HAS (Bmgkdz); UNDP GEF, Directorate of the Hortobagy iblaal
Park and the Ministry of Environment (Bereg). Datacessing was financed by the Department of Matiiem
and Information Technology of Corvinus University.

2 The data were collected from the census datal2@84 ) of the Hungarian National Statistical Office.
% The concept of social capital includes trust,astommunity relations, and the strength of civitisty and certain
aspects of governance (see Putnam 1993 and Fukuy@8ba



Table 1 Exposure, Vulnerability and Impact sub-dimensiongstigated

.
Exposure

Exposure of the respondent’s settlement to floods

Exposure of the respondent’s home to floods

Personal experience concerning floods

Il.
Vulnerability

Preparedneas

Preparedness of the respondent (and his/her fafailyloods

Preparedness of different institutions (governmémtal government
water authority, water associations) for floods

Physical and

Respondent’s health status

mental health

Respondent’s lasting health damage or impairment

Respondent’s (mental) capacity of coping with peots

Qualification

Respondent’s educational level

Economic

Respondent’s economic activity and income

Respondent’s savings

Respondent’s opportunities for borrowing

Social capital

Trust in members of the community and in institagio

Respondent’s social relations and isolation

Civic activity of respondent

Il
Impacts of
floods

Respondent’'s (and family’'s) damages and disadvastazpused by
recent floods

Lasting effects of recent floods.

Summary of Questionnaire Responses

In the following, we summarize the results of theestionnaire responses in Bereg and
Bodrogkdzbefore turning in the next section to examining te&tionships among exposure,

vulnerability and impacts. We present the resuftdigariate analyses in which we test the

significance of correlations using Chi-square tasi$ ANOVA model approach&sThe purpose

is to give a comparison between the two selecteddflhazard prone areas and to detect

differences with regards to the vulnerability dirgiems.

In the present paper those interrelationships anetioned from which significant relationships amamgiables
can be shown, in other words we may state on t&& @anfidence level that the variables are not iedent of

each other.



Exposure

In Bereg, the overwhelming majority of responderdgard their settlement as being either
strongly or weakly exposed, and less than one tehthe respondents believe that there is no
danger of floods. Two thirds of Bodrogktdz resporidergard their settlement as strongly or
weakly exposed to floods, whereas one third hcdd tifere is no such dang&hose who regard
their home (weakly or strongly) exposed made uputl®d% of those living in the exposed
settlements of Bereg, and about 72% of those liwngxposed settlements in Bodrogkde.
more detailed analysis showed that active earneds dploma-holders are over-represented
among those not exposed (considering either tletlement or their home not to be exposed) in
the Bodrogkdz area, whereas the unemployed andlg&dth primary education were over
proportionally represented among the exposed. énBhreg region there was no significant
relationship between exposure and socio-econonmi@blas. Inquiring if the respondentad
already experienced flooding, 90% of the Bereg respondents reported living thinoagflood
(89% experienced the 2001 flood in this region) 88% had experienced multiple floods. In the
Bodrogkdz region 32% of the respondents had expegk flooding and 20% multiple floods.
Exposed respondents were over-represented amosg thioo had lived through at least one
flood, indicating a (significant) correlation betrehaving experienced floods and perceiving a
higher exposure.

Preparedness

Tables 2 and 3 present the assessment of pastitamd flood preparedness among people who
had experienced floods in both regions. On a fieeMpscale, the average assessment was
between 2.07 and 3.37. Assessments of past pregm®avere lower in every category than for
future preparedness, and Bereg was considered lpgtipared than Bodrogkoz. Differences,
however, between values of future and past prepassdwere very similar in both regions,
around 0.7. As far as institutions are concernedpfe regard water management authorities as
the most prepared in both regions, followed by wassociations and local governments. The
lowest scores were given to the central governnlenthe Bodrogktz region the respondents
assessed their own preparedness more positivelythia of the central government, whereas
people of Bereg regarded their own preparednelssapositive.

Table 2Responses to question asking how prepared werendspt, repondent’s family and
relevant institution$or floods in the past (average of a five-graddejca

Bereg Bodrogkoz
You and your family 2.07 2.31
The central government 2.42 2.11
The local government 2.49 2.32
The water management authority 2.59 2.51
The water associations 2.56 2.35




Table 3Responses to question asking how prepared arendspi respondent’s family and
relevant institution$or future floods (average of a 5-grade scale)

Bereg Bodrogkoz
You and your family 3.0 3.09
The central government 3.16 2.91
The local government 3.24 3.16
The water management authority 3.37 3.26
The water associations 3.32 3.14

Interestingly exposed people considered themsddedter prepared than those not exposed in
both region3

Physical and mental health

The respondents were askedd@luate their own health status on a five-grade scale. The
average assessment was 3.32 in Bereg and 3.34drod@z. In Bereg and Bodrogkoz, there
were larger proportions of women, pensioners, peapbve 50, those with primary education,
and people having low (household) income, who asskgheir health status as poorer.
Alternatively, men, people between the ages of 18 39 (18 and 49 in Bodrogk6z), active
earners, those who had completed their secondagyestand those who had a medium or high
income were over-represented among those congidéremselves to have good health status.
Women reported a significantly worse health stdhas men. Fifty per cent of men, whereas
only 38% of women regarded themselves as in goattthm the Bodrogkoz region, while these
proportions were 55 and 41 per cent respectiveBereg.

The respondents were also asked whether hbhdyasting health damage or impairment. From
this questionthe population of Bodrogktz seems to be somewhalthier: 28.9% reported
having permanent damage to their health, as caettas Bereg, where this proportion was 33%.
In Bereg, pensioners, people with primary educa#ind those of the lowest income indicated
permanent health damage above the average. Inat@kdz region it was mostly pensioners,
those of primary education, people above 50 andwfmedium income who indicated having
lasting health damage. In Bereg as well as in Bgkiip the relationship between health status
and health damage was significantly correlated.

Another potential factor of vulnerability is theapacity to cope with problems, which we
explored with a question that elicited coping €g&s of those who experienced a flood. In both
regions, a typical response for coping was to tryahalyze and understand the situation,
especially among the younger people (40-49) angetlvonsidering themselves as less exposed.
In Bereg a typical coping strategy was to take sitpe attitude or interpretation of the problems
faced. In Bodrogkdz, a frequent response was cofingugh positive personal change or
“emerging as a different person”, combined withatiree activity. Taking sedatives and
medicines, as well as self-destructive activitwere characteristic only to a small extent, but
more in Bodrogkdz than in Bereg and more by thassidering themselves less healthy.

® Opinions assessing the current situation in thee@eegion are an exception where the differenasitisin the
margin of error.



Education

The proportion of respondents having completednmate than 8 classes of primary school was
59% in Bereg and 47% in the Bodrogko6z region. ImeBe21% and in Bodrogkdz 31% of the
respondents held certificates from a vocationabsdary school. The proportion of those who
had passed their grammar secondary final certdieats 14 and 18%, respectively, whereas the
proportion of those who had university degrees Svaad 4%, respectively.

Household economic data
As far asemployment status is concerned the survey responses are repor{Babile 4.

Table 4 Employment status of interviewees (%)

Bereg Bodrogk6z
Active earner 26.3 23.4
Pensioner 42.0 39.7
Unemployed 15.7 15.4
Other inactive 16.0 215

The proportion of active earners is lower in bagions than the national average (58%), and
unemployment is more than double the national &eel@.5%). Responses to questions on
household incomes follow a similar pattern, except the proportionnaédium incomes (HUF 91—
120,000) and high income (above HUF 121,000) amesdhat higher in Bereg (28% and 30%)
compared to 25% and 26% percent in Bodrogkoz.

Savings can enable households to recover from floods and thpresent an important factor
reducing vulnerability and building coping capacifiable 5 shows the types of reported savings.

Table 5Reportedorms of savings (%)

Bereg Bodrogkdz
In real estate 2.3 7.9
Other assets 11.0 10.8
At home in cash 19.7 12.8
In savings books and savings accounts 22.0 20.1
In life-, pension- or health insurance funds 16.7 411

Not surprising, those with primary education, theemployed and other inactive persons are
overrepresented among those not having savingshvitniBereg was 66% of the population and

in Bodrogkodz 57%. In the Bodrogkoz region, peopkngl in exposed regions mentioned real

estate and other assets as forms of savings ierlgm@portions than those in Bereg, whereas
cash at home and savings accounts were mostlyatbastic of pensioners. It is active earners,
people with grammar, secondary school, and uniyedsgrees as well as people between 30
and 39 years of age, who invest in insurance.

As in the case with savings also borrowing capiddslican enable households to recover from
floods and thus also represent an important fadtahle 6 presents the different borrowing
options dependent on the amount needed.
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Table 6 Reported form of borrowing options (small and large

Small Amount | Large Amount

Bereg | Bodr. | Bereg | Bodr.
From immediate family members 74.7 6216 13.0 10.3
From a relative living in the same settlement 33,3 32.4 5.3 6.9
From a distant relative 13.3 9.0 1.3 2.2
From an acquaintance, neighbour, or associatet|/w 22.3 16.3 2.7 1.8
From a bank, a credit institution 41.0 20/6 27.3 1.42

In Bereg the possibilities of taking loans wereeased as better in every category than in the
Bodrogkoz region. Generally speaking the possybiit getting loans from close relatives and
acquaintances occurred in greater proportion incse of smaller sums only, whereas distant
relatives did not figure significantly either inetltase of smaller or of significant sums. It was
active earners, those with grammar secondary eduacahd university degree who mentioned
the various possibilities of taking loans abovedkierage. In Bereg active earners and people of
at least secondary education were those who hatbaoding proportions among those capable of
receiving smaller loans. In addition to those gupvas mostly people of medium- and high
household income and those between 40 and 49 gkage who were capable of getting bigger
loans.

Social capital

Trust can be an important indicator of social capitah{®el 1950; Newton 2001). We measured
(i) trust in members of the close community (neigints, acquaintances, associates at work) and
(i) trust in public institutionsA low level of trust was found in community membargl public
institutions in both regions (Table 7).

Table 7 Trust in members of the community (Averages of adnad-grade scale)

Trust in Bereg Bodrogkdz
People living in the neighbourhood and in the \tgin 36 39

In more distant acquaintances 40 40
In people of workplace 45 45

In the Bereg region, active earners were over-sgmted among those who trusted members of
the community, whereas pensioners, the unemplogddtese of the lowest income were over-
represented among the mistrustful. In the Bodrogleggon trust-related responses do not offer
as uniform of a picture as in Bereg. Active earrteusted most their neighbours; pensioners
trusted most their more distant acquaintances, easeactive earners, men, those of vocational
secondary education and people of the highest iachad greatest trust in their associates at
work. The unemployed, other inactive people, as aglow-medium income people were more
mistrustful of their neighbours. People between a@l 29 years of age as well as the
unemployed were mistrustful of more distant acqaamices. Women, people of primary
education as well as low- and medium-income wese tristful of their associates at work.
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The most trusted institutions in both regions w#ére schools, police, water management
authorities and water associations. The credibdityhe national government was regarded the
lowest in both areas. Considering the socio-denpbgcavariables, the younger age groups, the
less qualified and those of lower incomes, as a&ihactive people, reported less trust in public
institutions than the average. The main differebeéwveen the two regions is that opinions
related to credibility are divided by age and ineoim the Bodrogktz region, whereas they are
divided more by school education in the Bereg negi&conomic activity is a significant factor in
both regions.

We explored thesocial relations of respondents by askingow many family members and
relatives lived in the given settlement or region. The average number of family members and
relatives living in the same settlement was 22 areg and 21 in Bodrogkdéz. We measured
social isolation by asking how much the respondent agreed to thewimlg statement: “I
frequently feel myself lonely.” In Bereg 26% of pesidents reported that this statement was
fully or partly true, whereas this proportion wa&@in the Bodrogk6z region. In Bereg, women
and pensioners were in the greatest proportion grttoese who feel entirely or partially lonely,
whereas in the Bodrogko6z region they were joinedhmge with low incomes and only primary
education. The extent of loneliness shows negativeslation with the number of relatives in the
settlement and region in Bereg as well as in thdr8gkdz region. We measured thieic
activities of respondents by the question whether ihterviewee had contacted the local
government about an issue affecting him or her. The results arergin Table 8.

Table 8 Have you ever tried to contact the local governnaddut an issue that affected you?
(%)

Bereg Bodrogkdz
Yes, once 9.4 9.2
Yes, several times 13.7 17.7
No 76.9 73.1

In the Bodrogkdz region it was people in the 58%oyear age group and those of low to medium
income who were over represented among the mosteadh Bereg most frequently those
between 30 to 39 years of age, diploma-holdersthadunemployed had contacted the local
government.

The impacts of floods

We measured the negative impacts of floods (loskasages, indirect effects), their gravity and
duration by several questions addressed to thosehatl experienced floods. From Table 9 it
can be seen that there was a significant differ&eteeen the two regions with respect to flood
damages. In Bereg the overwhelming majority ofgbpulation suffered some kind of damage,
whereas that proportion was around one third in Bloerogkdz region. As far as material
damages are concerned, in both regions residgmbglerty, agricultural buildings, furnishings
of the home, as well as crops, arable land, virdsyaand orchards suffered damages most
frequently.
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Table 9 Types of flood damages suffered since 1998 amarggtivho experienced floods (%)

Type of damage Bereg Bodrogkdz
The settlement of residence suffered damages 81 42
Residential home or flat damaged 77 38
Respondent (and family) was evacuated 74 9
Relatives suffered damages 71 29
Agricultural buildings (e.g., pen, stable) were daad 57 22
Furnishings, furniture was damaged 49 19
Crops, arable land, vineyard, orchard were damaged 39 37
Stock and harvested grain were damaged 28 7
Savings were reduced, spent 23 16
Absence from work, loss of salary and income 13 4
lliness generated or renewed by floods 6 7

Studying the relationships between damages, exppsmd socio-economic variables revealed
some insights related to vulnerability. In Berdgpde who suffered the most damages to their
homes and agricultural buildings were not only éha®st exposed, but there was a correlation
with respondents reporting low trust in local ihdions, limited savings, and limited access to
even small sums of loan. In the Bodrogktdz regidre torrelations were similar with the
exception that those most affected also considéreahselves to less prepared. In both regions,
floods appeared to impose more losses on thoseadntpealth. The largest difference between
the two regions was the number of those experigneuacuations - 9% in the Bodrogkoz region
compared to 75% in Bereg. Those evacuated appéatss disproportionally in the group who
were mistrustful of members of the community antiljguinstitutions, had no savings and could
not obtain small loans.

Another question, reported in Table 10, askbdut the duration of the physical impact of the
floods. The perception of duration appears to be shortBourogktz, although it is striking that
around one-fifth of those experiencing floods ia thast feel that the impacts have continued to
the present.

Table 10Assessment of the durability of flood impacts amtngge who experienced floods(%)

Categories of answers Bereg Bodrogkoz
Three months 15 27
Six months 16 35
One year 47 20

Still can be felt 20 16
“There was no flood” 2 2

In the Bereg region this response was relatedusi.tfhose who perceived the effects of floods
for a shorter time were those who trusted theigimeours, acquaintances and associates at work,
and felt most public institutions were credible.

According to the above analysis the two investigdkeod basins significantly differ in terms of
exposure, i.e., in Bereg a much higher proportibrhomes is exposed to floods than in
Bodrogkdz, and similarly, a much higher proportadrthe inhabitants have already experienced

13



flooding and suffered damages. In terms of socamemic characteristics differences between
the two areas are smaller. Concerning the levélealth, education, and savings the situation is
somewhat better in Bodrogkdizan in Bereg, whereas the ratio of active earnbhesmagnitude

of household incomes and the opportunities forngkbans are somewhat more favorable in
Bereg. More importantly, however, both regions strengly handicapped if compared with the

national average, especially in terms of qualifamaand economic activity.

Vulnerability Indicators

After the detailed presentation and comparisomefulnerability and exposure variables for the
two regions, we now turn to the question what Jdes or sets of variables can explain best the
impact variables. As shown in Figure 1 we will trempacts a function of exposure and
vulnerability. This assumption seems to be valideagloratory bivariate correlation analyses
have shown that most impacts are related to perdeflood exposureand to most of the
hypothesized vulnerability variables, while keepexposure constant. To identify factors, i.e.
sets of variables representing a latent constnattmeasurable with a single variable, we first
applied principle component analysif impacts by creating these variables first (Bakle 11)
and afterwards looked at the vulnerability and expe variables which show significant
correlation:

Table 11 Selected impact (damages and indirect effectsabbas

Variables Abbreviation
Damages in residential property and/or in its cotste D1
Agricultural damages D2
(damages to agricultural buildings, crops, hargestk)

Loss of income D3
Evacuation and/or health damage D4
Duration of impacts D5

The exposureariable was chosen to be the respondents’ expesuigble (a combination of the
settlement’ exposure and the home’s exposure Vasaballed E1). The following vulnerability
variables were selected based on (i) significantetation to damages, and (ii) which carry the
largest information content within the given grafpvariables. Table 12 is showing the results.

5 Some variables were transformed in advance nfstaince we have transformed variables measuredadessof
four and five grades into a hundred-grade scale.
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Table 12Vulnerability variables selected on the basis afig@ple component and correlation

analysis
Variables Abbreviation
Health status V1
School education V2
Economic activity V3
Household income V4
Having any form of savings V5
Possibility of getting a small loan V6
Possibility of getting a large loan V7
Trust in members of the community V8
Assessment of the credibility of institutions V9
Assessment of past preparedness V10
Assessment of future preparedness V11

Some interrelationships and important differencesvben the two regions were identified
among the above variables. In Bereg significardti@hs exist among the V1-V7 variables. In
Bodrogkoz significant relations were found among@ t3-V8 variables, and V1 is also
correlated with variables V3, V4, V5 and V7. In Bgrthe V8-V11 indices of trust and
preparedness show correlation with each other, edserin Bodrogk6z they show close
correlation rather with members of the V1-V8 groUpere are significant connections between
respondent’s exposure (E1) and certain indicatbwsilmerability (V1, V4 in Bereg, V2, V3 and
V6 in Bodrogk6z). The socio-economic status of éhesposed is somewhat worse; there are
greater proportions of less healthy, less qualifed less active people among them. This
suggests that socially disadvantaged groups livdaiger proportions in high risk areas.
Respondent’s exposure (E1) shows significant caticel with most indicators standing for
impacts (D1-D5) in both regions. All the vulnerdlilindicators (V1-V11) show significant
correlation to the variables indicating impacts {D5) (even if the effects of exposure are
screened), at least in one region.

The above analysis indicates that there are stn@tations among various vulnerability
indicators, as well as between variables of expgsuulnerability, and impacts. In order to
further analyze these relationships, latent facttased on the results above are constructed.
However, we re-assessed the reliability of theesc&bo. Afterwards, we determined the set of
variables for each of the factors by choosing dahfse variables from each set that returned the
highest reliabilities (using Cronbachs Alpha). Tfeetors that have been built with this
procedure are listed in Table 13.
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Table 13Latent Factors, number of variables

Index (Abbreviation) Number of variables used
Impact Factor (IdF) 11
Preparedness Institutions Factor 4

(VprepF)

Savings Factor (VsavF) 5
Borrowing Factor (VborF) 10

Using the new factors, as well as the other vulnéti@s explained in detail in the previous
section, we proceeded with multivariate tests amalyges. As Figure 2 indicates, it is evident
that the ,Area” variable (Bereg or Bodrogkdz), asliwas the “Exposure” variable have a
dominant role for the impact factor IdF .

The IdF for each exposure sub-group is highertferBereg areaFurthermore, one can see that
for decreasing exposure there is a decrease inidReirrespective of the Area variable.
Differences between the IdF and the Area variadbeywell as the Exposure variable, are highly
significant. However, this is not the case for itteractions between the two variables and IdF,
i.e. Area and Exposure together does not showfgigntly different IdF values.

8

As regards the relationships between vulnerabiiables and impacts, savings and borrowing
abilities (and both together) are important, ehg. higher the capacities, the lower the impacts,
however, correlations are low. Not surprisinglyrgaption of good self preparedness in the past
correlates with lower impacts, and to the contréoggd perception of the preparedness of the
responsible institutions correlates with high impacdAlso, with higher social relationships
within the community, impacts decrease. Alterndyivestronger civic activity shows higher
impacts, which could be explained in the sense thade who suffer large losses have more
motivation to complain to the authorities, whichuig then mean that civic activity should be
regarded as an exposure variable. Vulnerabilitycatdrs drawn from the above analysis are
summarized in Table 14.

"Which can be seen, for example, by the thick blaxkin each box plot which represents the median.

8 As a next step, to incorporate interactions betwtbe vulnerability and exposure variables as waslthe latent
factors, a general linear model approach was udede, combinations of factors (dichotomous varigpland
covariates (continuous variables or factors) castbdied in more detail. Usually, continuous indefent variables
are called covariates and dichotomous independeidhbtes are called factors in general linear naddénce, we
use these terms in the following.In more detailganeral linear model with two factors (Exposurd &mea), as
well as the corresponding vulnerability covariateas created and tested. Interrelationships ueathird level
were also enabled. The model was significant witliRasquare of 0.699. Significant variables incluttedlExposure
and Area variables, trust, education, borrowingacép, savings, health and perception of (pastjitingnal

preparedness. In a next step the sample was addlyzmeans of dummy variables again using a genegaéssion
model, but now without the factors, but keepingiiattions possible up to the second level. For ei@nmwe looked
at each Exposure and Area sub-group and performredrassion analysis. For Bodrogkdz (medium exp)soo

significant variables were found. Reasons for ttmild be the small number of observations, as a®la small
spread of the IdF variable. For Bereg (high expssuwignificant variables included education, sasinevel,

borrowing capacity, trust, social relations (irumber of family members in the region), and cadtivity.
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Table 14Vulnerability variables derived from regression lgaes

Variables Abbreviation
Health status V1
School education V2
Savings Factor VsavF
Borrowing Factor VborF
Trust in members of the community V8
Social relations V12
Preparedness Institutions Factor VprepF

The importances of the variables differ dependergxposure level. Especially health status and
education are important vulnerability indicators foiddle exposed households, while for highly

exposed households, savings, borrowing, trust, soaal relations are more important as

indicators for vulnerability. Trust and perceptioh preparedness of institutions are overall

indicators of vulnerability (but with lower corréians).

Conclusions and Recommendations

The primary aim of the paper was to determine tlomsocio-economic factors of flood
vulnerability in regions highly exposed to floodss it was expected, the most important single
variable determining impacts was the level of expesand geographical location. Most
important indicators of social vulnerability provead be the following: health, education,
savings, opportunities of taking loans, trust ia thembers of the community and institutions,
social relations, and perception of preparednegsstifutions against flood events. Remarkably,
the majority of indicators are related to human aodial capital, as well as institutional
capacities. Economic variables, including income amployment appear less significant, which
may partially be the result of the low reliabildy such data.

We found that the situation of the population oé tdpper Tisza regions is rather diverse
regarding vulnerability. Only 40 to 50% of the ptaiion assesses their health status as being
good; only 40 to 55% have completed more than pgingucation; only 35 to 45% have
savings; and less than 35% would have access ge laans. Trust is rather low and people
assessed their flood preparedness as slightly hthhe mediocre. On the basis of the survey, it
is possible to identify the most vulnerable grotipst are in a disadvantageous position, due to
their health and education status, as well as enanstrength and social relations. Hence, these
indicators seem to be valid for determining theaoailnerability due to floods.

This research goes beyond the study of the vuliigyatf the regions in question. Based on the
indicators identified and the questionnaire credtedheir measurement it may be expedient to
assess the vulnerability of populations in otheghhflood risk areas and to identify the
particularly vulnerable groups. From a policy pexdjve, it seems worthwhile to further identify
options for reducing the level of exposure, eithgr structural or non-structural mitigation
measures. In addition, there are various opporamito increase the resilience of exposed
communities. For example, increasing public spemndon education would increase the
resilience of households in the future. Strengthgrsocial cohesion would most likely be an
effective intervention. From a disaster risk fin@ugcstrategy, limited options remain for the
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government to directly help people at the houseleddl. However, there are large opportunities
to help the population help themselves in the &jtdior example, by introducing contingency
loans so that borrowing is also feasible for poaremmunities, by creating incentives to
increase informal strategies to lessen the shorh téand therefore also the long term)
consequences of the disaster event, such as prgvidiormation on what should be done in
case of floods (e.g. safe meeting places for irthats, as well as for volunteers), and by
providing timely information on where to apply fiimancial support.
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