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Abstract. This paper aims to assess the vulnerability at regional level, the model and the proposed indicators being explicitly intended for an essentially rural region, in this case–
Tutova Hills (Eastern Romania). Five categories of variables
were taken into account to define the vulnerability components: rural habitat, demographic features, agriculture, environmental quality and emergency situations. For each one,
five variables were analyzed and ranked based on the level of
determination or subordination. In order to ensure the flexibility of the model and to avoid the criteria duplication in
assessing vulnerability, only a single indicator of each category was retained and included in analysis: total number of
inhabitants, dependency ratio, weight of arable land on slope
categories, weight of land under forestry and road accessibility of villages. The selected indicators were mathematically
processed in order to maximize their relevance and to unitary
express the results in the spread 0–1. Also, values of each indicator were grouped into four classes, corresponding to the
level of vulnerability: low, medium, high and very high. A
general index was obtained through the integration of vulnerability factors in an equation based on the geometric mean.
Spatial analysis was based on features of the MicroImages
TNTmips 7.3. software, which allow the vulnerability mapping. This approach argues and states that vulnerability assessment through indicator-based methods can be made only
according to the level and scale of analysis and related to natural or human conditions of a region.

1

Introduction

In the last decades, the concept of vulnerability has become
increasingly exploited in risk assessment, global change research and environmental and development studies and a

conceptual framework has been progressively developed to
be applicable for various systems or systemic elements, at
multiple scales of analysis and in relation to different hazards (Taubenböck et al., 2008). Generally, vulnerability is
defined as the sum of characteristics of an individual or a
social group and their situation, characteristics that may affect the ability to anticipate, to cope and to recover from the
impact of any hazard (Wisner et al., 2004; Haque and Burton, 2005). Thus, vulnerability assessment requires identifying the susceptibility of elements at risks and determining
their relation with any considered hazard (Birkmann, 2006a),
but there is still a large variety of points of view, each one
being focused either on the exposure, economic context and
access to resources or social investigations (UNEP, 2002).
To some degree, the great number of definitions and points
of view seems to be nearly a normal fact, given the disciplinary context or the existence of many interdisciplinary and
transdisciplinary approaches. Whether they refer to applied
hazard research (Crozier and Glade, 2005; Fuchs, 2009; Hufschmidt and Glade, 2010; Kuhlicke, 2010; Papathoma-Köhle
et al., 2012; Fuchs et al., 2012; etc.), climate and global
environmental changes (Liverman, 1990; Kasperson et al.,
1990; Dow, 1992; Turner II et al., 2003b; O’Brien et al.,
2004; Adger, 2006; Füssel and Klein, 2006; Füssel, 2007;
etc.) or development and sustainability context (Chambers,
1989; Watts and Bohle, 1993; Bohle et al., 1994; Cannon,
1994; Turner II et al., 2003a, b; etc.), these definitions have
only one common element: the role granted in different ways
to receptors in order to explain different impact of hazards
(Fuchs et al., 2011).
However, the vulnerability concept and its place in risk assessment evolved in the last decades and two distinct viewpoints (approaches) can be identified: behavioural paradigm
and structural paradigm (Mileti et al., 1995; Smith, 2004).
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The behavioural paradigm is hazard-based point of view that
emphasizes the role of human adjustment to natural hazards through defensive technical measures, scientific acquirements and emergency plans for disaster mitigation (White,
1974; Hewitt, 1983; etc.). The structural paradigm is rather a
cross-hazard and a disaster-based viewpoint that focuses on
the vulnerability of socio-economic and political structures
to the lack of resources or human exploitation of nature and
argues that adaptation to natural hazards is key for reducing
risk (Alexander, 1993; Quarantelli, 1998; etc.). Nowadays,
the two approaches coexist, but it should be noted that physical scientists have a distinct preference for the behavioural
perspective, while the social scientists and human geographers rather prefer the second one (Smith and Petley, 2008).
Other approaches identify three directions in vulnerability research: vulnerability as exposure, vulnerability as social response and place vulnerability (Cutter, 1996). The exposure reflects how a system experiences internal or external perturbations (Adger, 2006), and its analysis should focus on hazardous conditions, human occupancy and level of
damages associated with a given event characterized through
magnitude, frequency, duration and impact. Social vulnerability should express the ability of society’s or individual’s
capacity to cope with and to recover from a disaster. The
third direction, namely the place-based analysis, integrates
the exposure and the vulnerability on geographical principles to be applicable at local, regional or global level. Inventories of different definitions of vulnerability with respect to
natural hazards research and related debates can be found in
Weichselgartner (2001), Fuchs et al. (2007) etc., while a recent criticism of the two aforementioned viewpoints, a conceptual comparative analysis of different vulnerability models and a diagnosis of thought schools are available in Hufschmidt (2011), who put in balance distinct conditions of vulnerability: multiple contexts, multiple dimensions, temporal
variability, multiple scales and scale-interdependency.
The conceptual discrepancies due to the different approaches of each science (ecology, human ecology, social
sciences, geography and spatial analysis etc.) have influenced
the unitary development of rigorous methodology for vulnerability assessment (Schröter et al., 2005). This requires
a multidisciplinary approach, an adequate structuring that
would allow post hoc comparisons without sacrificing the
relevance or the validity, particularly at local level (Polsky et
al., 2007). However, the broad and varied conceptualization
of vulnerability is also a consequence of its multi-level significance and its multidimensional character: structural, economic, institutional or social vulnerability, all these being interdependent and interacting dimensions (Fuchs, 2009). Reviewing scientific papers shows that the key element in defining and assessing vulnerability can differ from exposure, preparedness and prevention, to coping ability, adaptive capacity and recovering, and each approach identifies the essential peculiarities of human structures (from individual to societal) in their relation with different hazards. Depending
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on these key elements, some approaches assess quantitatively the financial, material and human losses recorded by
a specific element at risk (Varnes, 1984; Meyer and Messner, 2005; Totschnig et al., 2011; Hufschmidt, 2011); other
ones evaluate functionally and structurally the insufficient
capacity to cope with disaster (Timmerman, 1981; Anderson
and Woodrow, 1989; Wisner et al., 2004; Haque and Burton,
2005; Kuhlicke, 2010; Weichselgartner and Bertens, 2000)
or combine both of them (Susman et al., 1983; Blaikie et al.,
1994; Papathoma-Köhle et al., 2011).
A basic aspect of proper risk assessment is to identify the
vulnerability factors, usually divided in two large categories:
external factors (exposure to stress/perturbation or to societal structures) and internal factors, which are the basis of
coping capacity (Chambers, 1989; Bohle, 2001; Turner II et
al., 2003) or biophysical and socio-economic factors (Cutter, 1996; Füssel, 2007). The peculiarities of both categories
are very different depending on the geographical or socioeconomical context and on the typology of hazards (Brooks
et al., 2005). For this reason, any scientific approach should
be a differential analysis, allowing the structural and functional integration of vulnerability (Stângă, 2007), although
there are some general factors that can influence the value of
vulnerability in any frame and on any level of analysis. Thus,
interdisciplinary assessment of vulnerability requires identifying the future needs in the field of vulnerability assessment, such as selection of relevant indicators, transferability of methods, the use of GIS techniques and the existence
of output maps (Papathoma-Köhle et al., 2011), integration
between natural and/or social approaches, considering scale
and hierarchy etc. (Fuchs et al., 2011).
In Romania, except for the socio-medical studies, just a
few scientific papers are focused on vulnerability assessment, but the results are rather heterogeneous than conclusive
(Armaş et al., 2003, Stângă and Rusu, 2006; Sorocovschi,
2007; Ceobanu and Grozavu, 2009). Therefore, this paper
aims at the development of an integrative vulnerability assessment, using a multicriteria analysis and risk assessment
method to be applied at regional level for quantifying the
general vulnerability of rural communities in Tutova Hills
(Eastern Romania), by identifying and integrating specific
indicators, which are compatible with the level of analysis
and are suitable for mapping. Moreover, the major objective
of this approach is to create the vulnerability maps, which
would enable local or governmental authorities to conduct
their effort towards the most vulnerable regions or towards
the critical link from the structural and functional point of
view.

2

Research area

Tutova Hills (3421 km2 ) are a distinct geographical unit in
the eastern part of Romania (Fig. 1) clearly bounded westward and eastward by two large valleys (those of Siret and
www.nat-hazards-earth-syst-sci.net/12/1987/2012/
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Fig. 1. Location of the study area: Tutova Hills (Eastern Romania).

Barlad Rivers). The landscape of Tutova Hills is grafted on
predominantly sandy and sandy-loamy deposits and is characterized by an obvious parallelism of the relatively narrow
interfluves. Developed between 46 and 561 m of altitude, the
region presents steep slopes with a fast dynamics of geomorphological processes (mainly sheet erosion and gullying, secondly landslides).
The temperate continental climate is defined by annual
mean temperatures between 7.1 ◦ C and 10.2 ◦ C and rainfalls
that totalize about 500–660 mm in a year, but which are characterized by an irregular regime. Except the two major bordering rivers and their floodplains, water resources (groundwater and surface water) are modest in terms of quantity and
quality, being at the same time strongly influenced by the climatic variability. From the biopedological point of view, the
study area is at the limit between the forest domain, dominant in the central-northern part, and the sylvosteppe that
occupies the southern part. Isolated, in the low areas along
valleys, steppe associations are inserted.
In terms of human geography, Tutova Hills are an exclusively rural region with a low degree of accessibility and an
aged population, generally isolated in small villages, without any infrastructure or technical urban facilities. There
are 412 villages, mostly of dissociated type, with about
203 300 inhabitants, more than 90 % of the active population being occupied in agricultural activities. The agriculture, dominated by crop production, is characterized by the
existence of small plots (often of less than one hectare), insufficient mechanization and ignoring the ecological, agrotechnical or economic principles. The region has a peripheral position, both within the five counties (Vaslui, Bacau,
Vrancea, Galati, and Neamt) in whose territories it occupies
different areas, and in relation to the two major axes of Siret
and Barlad valleys. The transport infrastructure is based exclusively on roads, but these ones are poorly modernized and
with a low degree of connectivity. Thus, Tutova Hills fall
among the least developed regions of Romania, with a high
www.nat-hazards-earth-syst-sci.net/12/1987/2012/
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degree of repulsiveness and thus an increased vulnerability
of human structures.
On this background, in recent times, Tutova Hills has been
(almost without exception) ignored by governmental authorities and permanently avoided by the investors, making infeasible any plans for overall sustainable development of the
region. More suitable seems to be the identification of weak
points and helping local or regional authorities to intervene
on them, allowing at the same time a step by step development. Most frequently, these weak points interfere with the
vulnerability factors, as they are presented in the current paper.
Human communities in Tutova Hills have experienced different hazards, natural or human-induced ones, the impact
being more and more significant in the two last decades,
closely linked to the major changes of Romanian rural society in post-communist era. Being an agricultural region, the
main hazards are those related to climate processes that can
affect the vital resources of peoples (mainly droughts, hail
and heavy rains), but also can isolate entire villages in winter
(blizzard). Droughts are the most generalized and the most
frequent natural extreme phenomena in the region, affecting the water resources and crop production almost yearly,
but having catastrophic consequences once every four or five
years. The year 2007 is the most recent example, with very
severe drought events that exhausted water resources, field
crops and even natural vegetation, many villages remaining
without drinking water or food supply, the effect being almost dramatic in the next winter (Stângă, 2009). Hail and
heavy rains act rather locally at a given moment, but at least
one event occurs yearly in the warm season all over the region, affecting crop yields and causing serious damages, with
serious consequences especially for farmers, who have no
insurance for their crops. Furthermore, heavy rains exacerbate gully erosion causing enormous soil losses on slopes
(Ionita, 2007), dropping the productivity and forcing farmers
to abandon their plots on sloping lands. A blizzard occurs every year, especially in January or February, isolating and/or
leaving many villages without utilities and supplies, for several days or even one or two weeks (e.g. February 2012).
Human-induced hazards have a lower frequency (e.g. accidental fires in dwellings or household annexes etc.), but each
time they occur the impact is related to the reduced capacity
of society to cope with disaster.

3

Methodological overview

Vulnerability assessment requires a multidisciplinary approach, which currently is based on acquisition, adaptation
and improvement of methodologies from different fields. For
this reason, the efforts have permanently focused on finding a
common denominator for all dimensions of vulnerability (exposure, sensitivity, adaptive capacity). In fact, the complexity
Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012
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of problems is due to the factors that determine the vulnerability and its global, regional or local forms.
Among the various directions and methods of vulnerability research, building statistical and mathematical indicators
is quite frequently used (Villa and McLeod, 2002; Rygel et
al., 2006; Peduzzi et al., 2003, 2009; Fekete, 2009; Kappes
et al., 2011; Methods for the Improvement of Vulnerability
Assessment in Europe, 2011). Adger (2006) points out the
existence of four distinct approaches in creating composite
indices: elaborating separate indices for each element of vulnerability; construction of unitary indicators by aggregating
the relevant parameters; building a single index by defining
the geographical context; creating vulnerability profiles for
each geographical entity. In relation to these four approaches,
the present paper fits the first three, by creating individual indexes for each element of vulnerability, identified according
to the regional geographical context and, subsequently, by
their integration into a unitary composite index.
More precisely, the present paper aims to assess the vulnerability at regional level for any hazard, the model and the
proposed indicators being explicitly intended to quantify the
vulnerability of an essentially rural region. Five categories of
variables were taken into account to define the vulnerability
components: rural habitat, demographic features, agriculture,
environmental quality and emergency situations. For each of
the five categories, five variables were selected and, thus, the
analysis started from 25 variables that might influence the
general level of vulnerability. Subsequently, a graph matrix
was made to establish the degree of determination or subordination of each variable on a dichotomous query: “Does
variable X affect variable Y ?” (“yes” = 1; “no” = 0). This
matrix allows calculating the influence score (IS, the number
of variables that are influenced by variable X) and dependency score (DS, the number of variables by which variable
X is influenced). The general level of determination (D) is
calculated by the following relation:
D=

IS-DS
n−1

(1)

where “n” is the number of variables in the matrix. Prioritization of variables according to the obtained values reflects
the level of dependence or independence on a scale ranging
theoretically between +1 (fully determinant) and −1 (totally
determined). In order to ensure the flexibility of the model
and to avoid duplication of the analytical criteria in assessing
vulnerability, only a single indicator was retained for each
category of variables, according to the maximum value calculated through the Eq. (1). Thus, differences between rural communities in the region are very accurately expressed,
minimizing the possibility to artificially mosaic the final results (Table 1).
It should be noted that, although there are many approaches based on economical indicators, these ones are not
quite relevant for Tutova Hills, and two examples should be
expressive. Firstly, the weight of employees is meaningless
Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012

for the rural context with villages purely based on agriculture; secondly, the average income per capita cannot be used,
because most of the population has no income or, if this exists, it is represented by a derisory amount granted as budgetary allocation to older people or children. In some cases,
certain economical indicators that could be used do not have
a high capacity of discretization and, in case of classification,
the entire region would be in a single class. Analyzing the social vulnerability related to floods in Germany, Italy, England
and Wales, Kuhlicke et al. (2011) reach the same finding and
argue that some classical socio-economic indicators (gender,
socio-economic status, employment etc.) have only reduced
or even no explanatory capacity. In fact, there are many cases
when the usefulness of such indicators depends on how they
are contextualized and, thus, related to the natural and human
profile of a given area.
All the selected indicators were mathematically processed
to maximize the relevance and to unitary express the results
in the spread 0–1, “0” being assimilated to the minimum
vulnerability and “1” corresponding to the maximum vulnerability. Also, the values of each factor were grouped into
four classes, corresponding to the level of vulnerability (between 0 and 1): low, medium, high and very high. Thresholds between classes differ from one factor to another, but
their meaning is identical. The spatial analysis was based on
features of the MicroImages TNTmips 7.3 software, and vulnerability mapping was done by kriging interpolation.
3.1

Total number of inhabitants (vulnerability factor 1)

Size of villages influences (directly or indirectly) the development of the proximity services, reflects a certain importance at local level or justifies some investment expenditure (Istrate, 2008). A large settlement requires and develops activities and services that make more efficient the selfadjustment mechanisms and the capacity to cope with crises.
On the contrary, small villages have a reduced ability to cope
with crisis and their situation seems to be more and more difficult: there are no supply points, schools or medical dispensary and even no car in small villages; there is no accessible
road to/from small villages; young people leave small villages forever. For these reasons, it should be accepted that,
in this region, the degree of vulnerability evolves inversely
with the increasing size of villages. It is interesting to note
that the general context was totally different in the past (until
the early 20th century) and the population in the small villages of free peasantry was based on own resources, without
excessive pressure on them (Muntele, 1998).
Based on the correlation between the size of human settlements and the technical urban facilities, a dimensional
threshold was precisely established to allow calculation of
the vulnerability factor. Thus, the significance of the threshold is not only statistical, but also a functional one. In the
northeast region of Romania, the technical urban facilities of
3016 localities were integrated into a synthetic index with
www.nat-hazards-earth-syst-sci.net/12/1987/2012/
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Table 1. Categories, variables and selected indicators for vulnerability assessment (with bold line: the highest values of each category and
the selected variables).
Category

Variables

D

Indicator

Rural habitat

Number of households
Type of constructions
Total population
Technical urban facilities
Existence of schools

−0.0833
+0.0417
+0.4167
−0.2917
−0.0417

Total number of inhabitants

Demography

Age groups structure
Gender structure
Proportion of employed people
Schooling rate
Health status of population

+0.3333
+0.0002
−0.0417
−0.1667
−0.3333

Dependency ratio

Agricultural economy

Profitability of farming system
Average income per capita
Farm size
Total weight of arable land
Weight of arable land on slopes

−0.0833
−0.1250
+0.0002
−0.0417
+0.1667

Weight of arable land on slope categories

Environment quality

Pollution sources
Soil erosion
Quality of water resources
Weight of land under forestry
Waste management

0.0000
−0.1667
−0.0417
+0.1250
0.0000

Weight of land under forestry

Emergency services

Existence of emergency services
Distance from the nearest town
Quality of communication lines
Frequency of transport
Number of private cars

−0.1667
+0.5417
+0.0833
−0.0417
−0.0833

Road accessibility of villages

values ranging from 0 to 100 (Tudora, 2010), but it is difficult to obtain a good correlation between this index and
the size of settlements, due to the complexity of factors that
impose certain facilities. Especially to emphasize this relation, the database was verified and filtered through statistical methods: analysis of regression residues and standard deviation tolerance applied to the ratio between total population and aforementioned statistical index. This methodological approach led the authors to exclude from the database the
peri-urban settlements and tourist resorts. In the first case,
the peri-urban settlements are, most frequently, peripheral
town districts and the development of their technical facilities is a natural consequence of urban system evolution.
In fact, these settlements may be, apparently, independent,
but they are functionally dependent and integrated in neighbouring cities (Istrate, 2008). Furthermore, there is no periurban settlement in our study area. In the second case, the
tourist resorts have a special status, their facilities being designed to meet the needs of a segment of population that
come from outside and for a clearly limited period of time.
Almost all these tourist resorts are located in the mountain
area, being totally absent in the hilly area of Eastern Romania (not only Tutova Hills). For the remaining 2776 localities,
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with a total population that ranges between 1 and more than
300 000 inhabitants, the correlation between the two indicators is defined by a logarithmic function (R 2 = 0.214). Secondly, after the ascending ordering of settlements according
to the number of inhabitants, the data string has been divided
into 31 equidimensional classes. For these classes, the statistical coefficient of correlation is more than representative:
R 2 = 0.911. The graphical representation was done in logarithmic scale to allow a more expressive data view (Fig. 2).
Analyzing this index, which expresses the quality and
quantity of technical urban facilities, it must be noted that
the values ranging from 13 to 20 characterize both the best
equipped villages and the worst equipped towns. For this reason, the value of 13 was considered a reference threshold,
corresponding to the minimum vulnerability of villages in
terms of technical urban facilities. Based on the regression
equation, the maximum reference threshold in terms of settlement size was set to 9500 people. Practically, the assumed
premise is that a village of 9500 inhabitants (reference population) has sufficient facilities to cope independently with
some crises. The vulnerability factor is quantified through
the following formula:

Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012
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years. To calculate the vulnerability factor, the dependency
ratio was transformed using the following equation:
Vf2 =

Fig. 2. Correlation between the index of technical urban facilities
(vertical axis) and settlements population (horizontal axis, logarithmic scale).



Pref − Pi
Vf1 =
Pref

10
(2)

where Vf1 is the vulnerability factor 1 [0-1], Pref is the reference population, and Pi is the village’s population. “10”
is a corrective coefficient, whose value was established by
successive statistical testing and which depends mainly on
the maximum value of Pi . This corrective coefficient was
applied both to enhance the relevance of vulnerability factor of each village and to ensure an optimal distribution in
the spread 0–1. Reconsidering the relation between the technical urban facilities, the settlement size and the vulnerability factor, values of the last were grouped into four classes
as follows: low vulnerability (≤0.40); medium vulnerability (0.41–0.60), high vulnerability (0.61–0.80) and very high
vulnerability (>0.80).
3.2

Dependency ratio (vulnerability factor 2)

The dependency ratio renders the relationship between children (0–14 yr) and elderly (≥65 yr), on the one hand, and
the active population (15–64 yr), with major responsibilities
in ensuring the necessary living support, on the other hand.
Socio-economic indicator used by the World Bank, the dependency ratio can reflect the response capacity of a community facing various crises, being an expression of the number that active or potentially active population has to support
(Johnston, 1994).
Usually it is expressed as a percentage (under or over
100 %), but in the current context, the decimal values are
used. The basic formula is
Dr =

P0−14 + P≥65
P15−64

(3)

Dr2
Dr2 + 1

.

(4)

Thus, the initial values are redistributed in the spread 0–1
and the level of significance increases, the relation between
the dependency ratio and the vulnerability factor being well
described by an exponential function (R 2 = 0.978). That is
why the classification of vulnerability according to this factor
must be made starting from a mid theoretical value: low vulnerability (≤0.40); medium vulnerability (0.41–0.50), high
vulnerability (0.51–0.60 and very high vulnerability (>0.60).
3.3

Corrected weight of arable land (vulnerability
factor 3)

Arable lands occupy 124 471 hectares in Tutova Hills, meaning 36.46 % of their total area, which, in relation to the number of inhabitants, represents 0.61 hectares per capita. These
lands are unevenly and inappropriately distributed on slopes,
which contributes to minimizing agricultural production and
to increasing soil erosion. For the physical-geographical conditions of Tutova Hills, slope is the main limiting factor
for the use of arable land (Niacsu, 2009). Furthermore, although the weight of arable land decreases, the number of
Lilliputian-sized farms gradually grows together with slope
increasing (Stângă, 2009). In our research region, there are
over 150 000 arable plots with an average area under a
hectare, but in the central-northern part of region, with a
higher landform fragmentation, the real situation is the most
difficult (the average area of the plots is under 0.5 hectares),
and only in the south and southeast, there are a few larger
farms (over 10 hectares). On such a background, calculating
the weight of arable land on different categories of slope becomes more relevant, but it requires a broader approach: establishing the reference spatial units, realization and classification of slope map, the land use map overlay and, finally,
the statistical data extraction. The weight of arable land on
slope categories was calculated for the 412 Voronoi polygons
that resulted by splitting the research area based on distances
between villages. The slope map was realized through spatial manipulation language based on digital elevation model
(DEM), with a pixel resolution of 30 × 30 m. Arable land distribution was analyzed starting from the Corine Land Cover
vector database (2006), which was corrected and completed
using orthorectified aerial images for a higher level of detail. The used software allows calculating automatically the
weight of different slope categories and, subsequently, the
weight of arable land for each slope category, as they appear
in the Eq. (5). The vulnerability factor is based on the equation below:

where Dr is the dependency ratio and P0−14, P≥65, and
P15−64 express the number of people aged of the subscript
Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012
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I. C. Stângă and A. Grozavu: Quantifying human vulnerability in rural areas

1993

Table 2. Synthetic data of vulnerability factor 1 in Tutova Hills.

Vulnerability class

Inhabitants

Class limits
Average per village
Total number
Percentage (%)

Villages

Number
Percentage (%)

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

5470–841
1551
102 354
50.36

811–467
602
46 380
22.82

454–204
308
39 758
19.56

203
105
14 766
7.26

66
16.02

77
18.69

129
31.31

140
33.98

Vf3 =

(5)



2

0.05 × A1 + 0.10 × A2 + 0.15 × A3 + 0.35 × A4 + 0.60 × A5 + 0.95 × A6
100

for each Voronoi polygon previously delineated. The basic
formula is


FA 2
Vf4 = 1 −
(6)
TA

where A1 is the weight of arable land on slopes below 1◦ ;
A2 is the weight of arable land on slopes of 1–3◦ ; A3 is the
weight of arable land on slopes of 3–5◦ ; A4 is the weight of
arable land on slopes of 5–10◦ ; A5 is the weight of arable
land on slopes of 10–15◦ ; A6 is the weight of arable land on
slopes over 15◦ . The weighting coefficients were estimated
according to data from scientific literature concerning the
flow rate and hence the soil loss on slopes in the region’s
bio-pedoclimatic conditions (Moţoc et al., 1975; Popa, 1999;
Morgan, 2005). Thus, for each Voronoi polygon a unique
value is obtained, which is assigned to the corresponding
village. This vulnerability factor expresses the actual distribution of arable land on slope categories to an optimal distribution that would best capitalize the agricultural system
and would minimize soil losses. It must still be kept in mind
that the factor does not take into account the total area of
arable lands, but only their distribution. Vulnerability classes
were separated by thresholds established through correlation
of land evaluation system, currently in force in Romania.
Thus, the four classes are low vulnerability (≤0.20), medium
vulnerability (0.21–0.40), high vulnerability (0.41–0.60) and
very high vulnerability (>0.60).

where FA is the forested area within the polygon and TA
is the total polygon area. The power function increases the
relevance of values and their capacity of discretization. The
forestry areas were separated using Corine Land Cover 2006,
with the same corrections and completions applied in the
case of arable lands.
On the basis of the Eq. (6), the results theoretically vary
between 0 (100 % forest) and 1 (0 % forest). In Tutova Hills,
forests (natural or planted) occupy 73 416 hectares, representing 21.46 % of the region. On the basis of soil properties,
some previous studies (Niacşu and Stângă, 2006; Niacşu,
2009; Stângă, 2009) suggest an initial weight of forestry up
to 70 % of the total region. This issue requires a correction of
Eq. (6):

3.4

3.5

Weight of land under forestry (vulnerability
factor 4)

Weight of land under forestry area is one of the indicators
commonly used to assess the state of environment quality. As
zonal bioclimatic association, a forest belongs structurally
and functionally to natural environment, having an essential
role in maintaining the systemic equilibrium. The fragility
of the equilibrium relations and hence vulnerability of the
humanized territory increase together with the reduction of
forested surfaces. To this, it can be added the fact that wood
is the main building material for more than 50 % of houses
and heating fuel for more than 75 % of rural households in
the research region. The vulnerability factor was calculated
www.nat-hazards-earth-syst-sci.net/12/1987/2012/


Vf4 = 1 −

FA
0.7 × TA

2
(7)

According to the results of Eq. (7), vulnerability classes
were defined as follows: low vulnerability (≤0.50), medium
vulnerability (0.51–0.70), high vulnerability (0.71–0.90) and
very high vulnerability (>0.90).
The road accessibility of villages (vulnerability
factor 5)

With only very few exceptions, villages in the region do not
have their own means of intervention in emergency situations
(ambulance, fire equipment, snow removal machines, high
capacity pumping stations etc.) and the crisis management
cannot be guaranteed without the support of specialized units
in neighbouring cities. Therefore, distance to the nearest urban center is a key element in assessing the accessibility of
emergency services and it is the best indicator of the deeply
rural character or of the high degree of isolation. But can this
static distance be planned to reduce vulnerability? In Romania, before 1990, communist authorities had tried to relocate
Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012
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Table 3. Synthetic data of vulnerability factor 2 in Tutova Hills.
Vulnerability
class

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

≤0.82

0.82–1.01

1.02–1.23

>1.23

Dependency ratio
Inhabit.

Total number
Percentage (%)

73 760
36.3

82 646
40.7

35 976
17.7

10 876
5.4

Villages

Number
Percentage (%)

78
18.9

170
41.3

101
24.5

63
15.3

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

12.65

25.92

37.16

24.27

Table 4. Synthetic data of vulnerability factor 3 in Tutova Hills.
Vulnerability
class
Area (% of total area)
Inhabit.

Total number
Percentage (%)

52 710
25.9

50 158
24.7

58 965
29.0

41 425
20.4

Villages

Number
Percentage (%)

65
15.8

84
20.4

141
34.2

122
29.6

by force villages or had convinced the working rural population to move in towns in a supposed effort to systematize
country and to support the massive planned industrialization.
Later, post-communist governments tried to redesign artificially the Romanian urban system by granting some greater
villages with urban status. Both solutions to reduce distance
between rural settlements and towns (relocation of villages
or declaring some of them as having urban status) failed and
are not feasible for vulnerability assessment. For the latter
purpose, the authors transformed the conventional distances
by replacing the metric system of reference by new operational one, based on time-distances. In this approach, accessibility reduces and vulnerability increases progressively with
the growing difference between operational and functional
distances emphasizing those sectors where investments are
absolutely necessary.
On the basis of orthorectified aerial images (2005 edition,
scale 1:5000, and pixel size 0.5 × 0.5 m), the distances between the 412 villages in the region and the neighbouring
towns were calculated in order to identify the most accessible way. Also, a sectoral analysis was made and the real
distances were corrected according to the quality of the road
network. Thus, for each category of road, an operational distance was obtained as product between the real distance and a
correction coefficient. The operational distance between any
village and the nearest town is the sum of sectoral operational
distances, as in the Eq. (8):
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Od = α1 × d1 + α2 × d2 + ... + αn × dn =

n
X

αi × di

(8)

i=1

where “Od” is the operational distance between villages and
the nearest town, “αi ” is the correction coefficient and “di ”
is the real distance for each sector of road. In this study,
the following categories of roads and the related weightings
were used: European road: α = 1.0; national road: α = 1.1;
modernized county road: α = 1.2; partly modernized road:
α = 1.3; unmodernized road with great difficulties of access:
α = 1.5. The weighting factors were established based on the
time necessary to travel a standard distance, through the following equation:
ti
αi =
(9)
T
where αi is the correction coefficient for a road of “i” category and; ti is the time necessary to travel a certain distance
on a road of “i” category; T is the time necessary to travel
the same distance at an average speed of 60 km/h. This speed
was considered because it represents the average speed of
emergency vehicles, according to the Order no. 360/2004 of
the Romanian Minister of Administration and Internal Affairs. The investments in infrastructure reduce together with
the increasing distance between towns and villages and the
degree of isolation, which is accurately reflected in quality
of roads. For this reason, due to the cumulative effect, the
operational distances become progressively larger than the
real ones. Based on data of the 412 villages in Tutova Hills,
the statistical relation between the two types of distance is
well described by Eq. (10) and the results are applicable for
real distances up to 75 km:
www.nat-hazards-earth-syst-sci.net/12/1987/2012/
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"
#1.098
n
X
Od =
di
.

1995

(10)

i=1

To quantify the vulnerability factor, the starting point is that
vulnerability increases together with the operational distance
between the rural localities and the neighbouring towns.
Considering that a village located at a distance of 100 km
from the nearest town is completely isolated, the vulnerability factor was calculated on the basis of Eq. (11):
Vf5 =

Od
.
100

(11)

According to the aforementioned Order no. 360/2004, the
medium range of action for the professional emergency services must be, at least theoretically, of 15–30 km. Thus, for
an individual analysis of this vulnerability factor, the four
classes were separated as follows: low vulnerability (≤0.15),
medium vulnerability (0.16–0.30), high vulnerability (0.31–
0.45) and very high vulnerability (>0.45).
3.6

General vulnerability index

The integration of the vulnerability factors in a single vulnerability index (composite index) was tested through various methods to check the errors introduced into the synthesis results: weighted arithmetic mean, square mean, harmonic mean, rank sum etc. The optimal alternative was finally based on the geometric mean due to a double relation.
Firstly, the logarithm of the geometric mean is the sum of
factor logarithms, and, secondly, the logarithm function is
the inverse of the exponential one, which best describes the
relation between the level of vulnerability and the considered cumulative variables. Furthermore, since 2010, United
Nations Human Development Index is calculated by a new
method, based on the same geometric mean (UNDP, 2010).
The basic equation of general vulnerability index (GVI) is
p
GVIi = 5 Vf1 × Vf2 × Vf3 × Vf4 × Vf5 .
(12)
To obtain a higher significance at the regional level of Tutova Hills, the maximum value of GVI is extracted from the
data string and used to apply a regional correction that redistributes the values in the spread 0-1. Thus, Eq. (12) becomes
GVI =

3.7

1
1
× GVIi =
× GVIi = 1.2848 × GVIi . (13)
GVImax
0.778353

Results and discussion

The villages in Tutova Hills have a population that falls between the minimum (one) and 5470 inhabitants, but most of
them (88.35 %) do not exceed the threshold of 1000 inhabitants. Most of the villages do not have any technical urban facilities, except electricity, and only those with residence status have certain common utilities. Moreover, large villages
www.nat-hazards-earth-syst-sci.net/12/1987/2012/

Fig. 3. Vulnerability factor 1: Size of villages (number of inhabitants) in Tutova Hills.

are connected by means of public transport to the neighbouring towns.
Analyzing the values of vulnerability factor 1 (Eq. 2), it
must be noted that 65.92 % of villages with 26.28 % of the
total population are characterized by high and very high vulnerability. These are the very small villages, not exceeding
460 inhabitants (Table 2). Most of them are concentrated in
the central part of Tutova Hills (Fig. 3), the limitation of their
development being imposed both by the restrictive geographical position and the development policies in the communist
regime (1945–1989), with some implications up until now.
With respect to the vulnerability factor 2, age structure of
population is quite heterogeneous, with values falling in the
gap 0.24–4.17 (24–417 %). From this point of view, the dependency ratio shows that 39.8 % of villages with 23.1 % of
population are characterized by high and very high vulnerability (Table 3). The research region is highly mosaic because
of two distinct situations rendered by the same index. Firstly,
it is the existence of small villages with aging population,
in the central-northern part of the region, especially in the
middle and upper valleys of the rivers. Compared to a general average size of 493 inhabitants, the villages highly and
very highly vulnerable in terms of dependency ratio have an
Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012
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Table 5. Synthetic data on vulnerability factor 4 in Tutova Hills.
Vulnerability
class

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

>29

29–16

16–5

<5

52 867
26.01
94
22.82

36 222
17.82
80
19.42

64 126
31.55
122
29.61

50 043
24.62
116
28.16

Percentage of forestry (%)
Inhabitants
Villages

Total number
Percentage (%)
Number
Percentage (%)

Fig. 4. Vulnerability factor 2: Population dependency ratio in Tutova Hills.

Fig. 5. Vulnerability factor 3: Percentage of arable lands on slopes
in Tutova Hills.

average size of 356 and, respectively, 173 inhabitants. Secondly, there are also some large villages characterized by
high vulnerability, given the great number of children. The
major difference is that villages in the latter category have
the perspective of balancing the degree of dependence on
short and medium term, while in the case of small villages,
in the first category, demographic decline and increasing dependency will keep the same trend line (Fig. 4).
With regard to vulnerability factor 3 (weight of arable
lands on slope categories), it should be noted that the region’s
economy is based largely on crop production, and arable land

distribution on slope categories summarizes the situation of a
subsistential agriculture. According to vulnerability factor 3,
61.42 % of Tutova Hills (63.8 % of villages with 49.4 % of total population) is characterized by an improper land use and
thus by a high and very high vulnerability from this point of
view (Table 4 and Fig. 5).
Regarding vulnerability factor 4, it must be noted that
weight of land under forestry is currently 19.8 %, much
narrower than the percentage in natural conditions, which
was assessed at about 65–70 %. The climate and morphological features required some differences in natural forest
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Fig. 6. Vulnerability factor 4: Weight of land under forestry in Tutova Hills.

Fig. 7. Vulnerability factor 5: Road accessibility of villages in Tutova Hills.

distribution, from under 40 % in the southern region to over
80 % in the central-north area, but the current distribution is
almost entirely imposed by the age, type and intensity of human activity.
The analysis of this vulnerability factor shows that
46.77 % of the territory (57.77 % of villages and 56.17 % of
population) is characterized by high and very high vulnerability (Table 5). In these classes of vulnerability, two distinct
situations can be identified: firstly, villages near the Barlad
valley, which formed, over time, an important axis of movement, and, secondly, the area within the region, with ancient
villages of free peasantry. At the opposite extreme, there are
many areas with low and medium vulnerability. Typical situations are those in which the forests survived, especially in
the north-central areas, with high fragmentation, but lower
human pressure. Secondly, lower values are due to afforestation and ecological restoration in the 8th and 9th decades
of 20th century. Comparing the four classes of vulnerability, it should be noted that vulnerability factor 4 emphasizes
more clearly the regional differences, from low vulnerability, where forestry occupies 41.9 %, to very high vulnerability, where the percentage is reduced to 1.69 % on average
(Fig. 6).

Finally, vulnerability factor 5 reveals the road accessibility
of villages in Tutova Hills, by means of operational distances
presented in the previous chapter. The territory is less mosaic,
and the four zones of vulnerability have a roughly concentric
distribution around the center, on the limit between the counties of Vaslui and Bacau. This boundary area creates a real
“border effect” that causes many functional problems for the
local and regional development, including by inhibiting expansion and modernization of communication ways. Overall,
48.44 % of territory (51.44 % of villages, namely 35.92 % of
the population) corresponds to the areas with high and very
high vulnerability (Table 6 and Fig. 7). Furthermore, it must
be pointed out that the villages characterized by very high
vulnerability are at an average distance of 58.7 km to the
nearest town, but there are 14 villages located over 70 km
away, completely isolated, especially since they are not connected at the transportation network.
The integration of vulnerability factors in the general vulnerability index creates a summary image of the research region. Data show that over 50 % of territory is assimilated to
areas with high and very high human vulnerability (Fig. 8
and Table 7). In addition, it may be established a good correlation between the average values of vulnerability factors and
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Table 6. Synthetic data on vulnerability factor 5 in Tutova Hills.
Vulnerability
class

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

≤0.15

0.16–0.30

0.31–0.45

>0.45

33 359
981
16.23

98 352
582
47.86

52 621
358
25.61

21 178
311
10.31

34
8.13

169
40.43

147
35.17

68
16.27

Operational distance (km)
Inhabitants

Total number
Average per village
Percentage (%)

Villages

Number
Percentage (%)

4 Conclusions

Fig. 8. General vulnerability index in Tutova Hills.

the general vulnerability index, except for factor 4, which has
a different distribution, as explained above.
Some of these indicators can be related to the quick impact hazards (emergency services through the road accessibility), while others can be associated to hazards with cumulative impact (subsistential farming system, environmental fragility). Thus, the synthetic index provides a suggestive
image of the regional vulnerability profile, combining different contextualized indicators.

Nat. Hazards Earth Syst. Sci., 12, 1987–2001, 2012

The identification, quantification and spatialization of weaknesses and system failures or dysfunctions through vulnerability assessment can be a starting point both for risk mitigation and realization of sustainable development plans adapted
to real possibilities, capabilities and adaptabilities of any region. Although there are some general factors that may influence the degree of vulnerability in any frame and to any level
of analysis, this paper shows that vulnerability assessment
can be made only by identifying and integrating indicators
compatible with the analysis level and the geographic, economic and social features of a certain region. The proposed
indicators and their mathematical calculation aim to render as
accurately as possible the existing differences between rural
communities in the research area, and also to minimize artificial differentiations and, thus, to avoid inconclusive results.
The indicators allow the structural and functional analysis of
vulnerability and enable the identification of weaknesses and
of the potential imbalances at local and regional level. Integrating vulnerability factors in a synthetic index gives an
overview that allows hierarchies and comparisons on different levels and creates the vulnerability profile of the studied
geographical unit. The transfer of the model to another region
(hilly area or not, rural space or not) can be easily realized,
but it will be feasible only after a review of indicators and
weighting coefficients, according to the working scale, region profile and data availability. In context of environmental global changes, increasing soil losses on slopes may be a
key element in agricultural regions, but could have reduced
significance or no significance in other cases (e.g. plains with
low slopes or non-agricultural regions). In the same way, for
example, road accessibility of villages is in this case an important indicator, but in more developed countries, selection
of variables would probably bring in the foreground the presence and the quality of emergency services. Thus, in the authors’ opinion, for a general and flexible model to be applied
elsewhere, vulnerability assessment must be related to natural or human conditions of a region (“place vulnerability”, cf.
Cutter, 1996). This does not limit the possibility of structural,
functional or spatial comparisons, since the selected indicators (in this case, total population of villages, dependency
www.nat-hazards-earth-syst-sci.net/12/1987/2012/
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Table 7. Synthetic data on vulnerability in Tutova Hills.
Vulnerability
class

Low
vulnerability

Medium
vulnerability

High
vulnerability

Very high
vulnerability

Class values

≤0.40

0.41–0.60

0.61–0.80

>0.80

Inhabitants

Number
Percentage

62 415
30.71

82 403
40.54

48 603
23.91

9837
4.84

Villages

Number
Percentage

42
10.19

141
34.22

173
41.99

56
13.59

ratio, road accessibility, modified weight of arable land on
slopes and weight of land under forestry) have been mathematically processed and standardized (values from 0 to 1
have the same significance for each factor and each place
in the region). The general vulnerability index illustrates the
nonlinear relationship between vulnerability and the explanatory variables, which is very important due to cumulative effect. However, being independent, this general composite index does not contain explicitly any hazard information and
requires both hazard and vulnerability analysis for risk assessment and mitigation. The great advantage is the integration of the model in a Geographical Information System,
which allows continuous data updating, vector and raster processing, vulnerability mapping and spatial analysis, on an adequate predefined background (level, scale and resolution).
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