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Abstract
The present study hypothesis resulted in the identification of a viable system of indicators that might play
an important role in the measurement of sustainable development. The main purpose of our research is the
development of a watershed sustainability index and its application for the Motru River basin. This catchment
area covers an area of 1,895 km2 within southwestern Romania. Applying the watershed sustainability
index was based on the equal weighting scheme in order to aggregate the parameters (water availability
per capita, variation of BOD, variation in the ratio of the agricultural area and the urban population, life
quality index, and education index). Considering that basin management is a dynamic and holistic process,
the state-pressure-response model was applied to the four components in a matrix scheme. As a result, for
the Motru River basin, the obtained values of the watershed sustainability index were: 0.36 for five years
and 0.51 for 10 years. The indicators with the lowest scores were hydrology and policy-education (0.17),
while the environment indicator scored the highest (0.75). Applied to different time intervals, the watershed
sustainability index emphasizes the evolution of watershed sustainability in order to help stakeholders and
water managers in the decision-making process.
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Introduction
International and national framework
The first definition of sustainable development was
proposed by the Brundtland report, which defined it
as “Development that meets the needs of the present
without compromising the ability of future generations

*e-mail: oana_ionus@yahoo.com

to meet their own needs” [1]. Following the definitions
for sustainable development, many tools aim to evaluate
environmental, social, and economic aspects of the
system [2-4]. Classically, it is considered that sustainable
development has at least three dimensions: environmental
(emphasizing the degradation of natural resources for
human use), social (highlighting the unequal distribution
of wealth and poverty), and economic (stating that any
development meant to achieve sustainability needs to
manage different capital flows) [5-6]. Subsequently,
institutional dimension, which focuses on peace and
security, has been added [7-8].
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A detailed study of sustainable water management
should be completed on a regional scale to provide the most
relevant information for management and policy purposes
[9-11]. Mays [12] emphasizes three domains of integrated
water resource management, which include scope, scale,
and governance. Two challenges of integrating the existing
natural system and the social system data are worth being
considered: one concerns the influence of environmental
attitudes and water quality on water conservation efforts
[13].
Sustainability indicators of river basins are different
from traditional indicators of economic, social, and
environmental progress. Therefore, many indices have
been developed at a global level to achieve sustainable
and integrated water management: the water poverty
index (WPI) [14], the Canadian water sustainability
index (CWSI) [15], the watershed sustainability index
(WSI) [16], the West Java water sustainability index
(WJWSI) [17], and the linear system of action [18]. An
index of sustainability of water resources can be used
as a tool to identify all factors that contribute to the
improvement of water resources [19]. Liverman et al. [20]
suggests the following characteristics for the selection
of indicators: sensitive to changes in time, sensitive to
changes across space or within groups, predictive or
anticipatory, reference or threshold values available, and
integrative.
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In Romania, the quantification of sustainable
development is made at administrative levels (national,
regional, and local), but it lacks correlation with water
resources and the analysis at the level of the river basin.
Although between 1980 and 2007 the value of the human
development index increased to 0.051 (6.5%), Romania is
situated in one of the lowest European positions in terms
of human development according to the United Nations
Development Program approach [21]. Between 1990 and
2012, the Romanian HDI value increased from 0.706 to
0.786, an increase of 11%, or an average annual increase
of about 0.5% [22]. Position 55 that Romania occupied
in 2012 (out of a total of 187 countries), as far as HDI
value is concerned, is a modest position and suggests
a weak recovery of the development potential in our
country. The Romanian particularities related to territorial
development also result from the fact that the country has
the largest share of rural population in the European Union
(45% of the population lives in villages). This means that
some indicators such as unemployment are diminished
because a large part of the population (about one third)
works in agriculture, specifically under the conditions of
subsistence agriculture [23].
Romanian studies regarding sustainable development
at regional and local levels defines an analyses of this
concept from a geographical and environmental point
of view on the one hand [24-27], and from a statistical

Fig. 1. The Motru River basin features: a) location, b) urban and rural populations (percentages), and c) demography and hydrographic
network.
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and territorial point of view on the other [28-30]. “Water
problems” are fundamentally human problems [31-32]. In
this respect, the algorithm uses selected indicators reflecting
the density of population, its dynamics and migratory
increase, elder population, birth rate, unemployment,
share of population working in agriculture, the number
of people who completed a high school education, and
inhabited area per person [30]. The difference is that at the
micro-level (the Ialomiţa River basin and Bucharest urban
area, for example), the numbers and types of indicators
vary according to the peculiarity of geographical areas
[26, 29].
In this regard, the study focuses on the integration
of the socio-economic and natural resource aspects for
use in integrated water resource management within the
Motru River basin. Also considered will be a framework
for developing an adaptable WSI; identifying components
and indicators; justifying the selection of components;
setting the values of state parameters, pressure, and
response based on the level and score value classes; and
interpreting and correlating the obtained values with the
major disruptive factors. Thus, there will be proposed
viable solutions to ensure sustainability at the river basin
level.

Study area
The Motru River (134 km) is situated in southwestern
Romania, covering an area of 1,895 km2 [33]. Within
its basin, the Motru receives 13 tributaries and forms
a hydrographic network with a length of 670 km and a
density of 0.36 km/km2 (data processed after The Cadastral
Atlas of Waters [34]) (Fig. 1).
The annual average flow of the Motru and its tributaries
is 6.12 m3/s, the value being registered at Faţa Motrului
hydrometric station, which closes the catchment area near
where the Motru flows into the Jiu River [35].
Human pressure over the surface waters within the
Motru basin is induced by the total number of inhabitants,
the total number of inhabitants from urban areas (Motru,
Strehaia, and Baia de Aramă), the generated organic
charge, industrial activities (the extraction and preparation
of inferior coal), land use (48.1% of agricultural areas
within the basin [36]), animal husbandry (the value class
of 0.2-0.5 equivalent bovines/ha of agricultural land
characterizes most of the catchment area), and, finally, by
the degree of improvement of the hydrographic network
(9.85% hydro-technical works of the total km of the
hydrographic network [37]).
In the Motru basin, the population is mostly rural, as
there are 30 villages and only four towns. According to
the demographic data provided by the National Institute
of Statistics for 2002-12, we can speak about a decline in
the number of inhabitants from 125,710 (2002) to 116,375
(2012) (Fig. 1). The distribution of population by age
groups in the analyzed area is characteristic of Romanian
society, respectively a structure that shows rapid aging
[38]; in all villages of the studied area at least a quarter of
the population is older than 60.
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Materials and Methods
Research methods
The necessity of the indicators system at the local
level consists first in its utility in rounding development
strategies — strategies upon which the affirmation of local
policies is based [28]. The quantification of sustainable
development may be achieved both by using a punctual
indicators system oriented toward various problems,
as well by using synthetic, aggregated indicators that
convey the level of sustainable development by a single
numerical expression. The watershed sustainability index
is calculated according to the formula (Eq. 1) [16, 39]:

WSI = (H+E+L+P)/4

(1)

This is used as a weighted mean as each indicator
presents the same importance [16]. Status, pressures, and
responses for each of these indicators are identified and
labelled as parameters [40-41]. For the aggregation of the
final index, all the indicators (hydrology, environment,
life and policy) are brought to values between 0 and 1.
In applying this formula, the indicator policy in education
index will be applied and the life indicator will refer
to both education and living conditions. According to
Chaves and Alipaz [16], in the case of the hydrology
indicator there are two sets of parameters: one in relation
to water quantity and the other to water quality. In case
of water quantity, the parameter is the water availability
per capita per year, considering surface waters. In case
of water quality, since biochemical oxygen demand
(BOD5, in mg/l) information is often available in
watersheds and is correlated with other important water
quality parameters, it was selected as a quality parameter
[42].
Environment pressure index (EPI) is estimated as
being the average variation of the basin agricultural area
and urban population (in percent), in the studied period
(Eq. 2) [43]:

EPI = (% variation of the basin agricultural area
+ % variation of the basin urban population)/2

(2).

EPI can be positive, negative, or zero. Positive values
indicate higher pressure over the remaining natural
vegetation of the basin (environmental state).
In order to determine life and policy indicators as
components of WSI within the Motru basin, it was decided
to determine life quality index and education index
based on the methodology proposed by Lazăr and Lazăr
[28], which means modifying the used sub-indicators
given that the water resource is mainly pointed at in the
analysis of WSI. The concerns for quality of basic data
include their relevance, accuracy, timeliness, accessibility,
interpretability, and coherence. The sub-indicator
composites chosen in calculating the life quality index
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are: medical units, medical staff, employees, delivered
drinking water (thousands of m3/year), wastewater
treatment plants, and length of sewage network. The subindicator composites chosen in establishing the education
index are: schools, teaching staff, pupils and students,
libraries, and number of PCs. The values of the subindicators are calculated by comparing the real values (the
value registered in 2007 for five-year analysis and the one
in 2012 for a 10-year analysis) with the maximum and
minimum values recorded in the analyzed period (Eq. 3)
[16, 22]:

Xj = (xi – xmin) /( xmax – xmin)

(3)

...where xi is the effective value of the indicator (LAU2
value for the years 2002, 2007, and 2012), xmin and xmax are
the minimum and maximum values for the entire period
2002-12, at county level with the separation of urban and
rural LAU2.
Taking into account the same proposed weight [44]
for all the components, life quality index and education
index will be calculated like a weighted average (Eq. 4):

Ij = Σ Xj/aj

(4)

…where aj is the number of the considered sub-indicators
and Xj is the individual sub-indicators value.
The final result for the two indices is expressed also as
a value between 0 and 1.

Data sources
In order to meet the needs of the methods, information
on life quality and education level was collected from
the official websites of the National Institute of Statistics
and County Statistics Offices [45]. Data concerning the
discharge and water quality were collected from the Jiu
River Basin Management Plan [35] – the online official
report of the Jiu Water Branch. As time is relevant in the
subsequent impacts on the environment, the research
focused on two periods: the first studied period was five
years, between 2002 and 2007, and the second period
was 10 years, between 2002 and 2012, as environmental
and demographic data were available. The maps were
produced by overlapping the sub-indicator data based on
spatial and temporal dynamics on the scale of the Motru
River basin (2002, 2007, and 2012).

below. State – basin water availability per capita
(m3/person year), taking into account surface water
resources, was established based on the annual average
flow of the Motru river recorded at Faţa Motrului
hydrometric station that closes the entire catchment area.
The value of multiannual average flow (for 5 years – from
2002 to 2007, respectively 10 years – from 2002 to 2012)
was multiplied with the number of seconds in a year and
then divided by the number of inhabitants in 2007 and
2012, respectively.
Pressure - Δ1-variation in the basin water availability per capita in the studied period related to the long
term average represents the water availability in 2012
and 2007 at the initial considered phase, namely 2002,
making the difference between the amounts. The
resulting difference is expressed as a percentage
based on long-term average (annual average flow) that
is considered as being 100% and the resulted percentage fits in a score according to the corresponding level.
The long-term value for the basin water availability
per capita (2,662.66 m3/person year) is calculated
according to the average values of flow and population
in the 10 studied years (Flow x 31,536,000/Population).
Response – improvement in water-use efficiency
in the basin in the studied period is estimated based on
the improvements to the water-supply system in the
studied period. The Motru river has, at its mouth, an annual
average flow of 9.8 m3/s (2007) and 15.2 m3/s (2012),
divided by a total basin population of 125,710 inhabitants
(year 2002 basis) and 121,108 inhabitants (year 2007
basis) (Table 1).

Table 1. Water quantity parameters, levels, and scores (state,
pressure, and response).
Parameter

Level

Score

State

Basin water
availability
per capita
(m3/person year),
considering surface
water sources

Wa<1,700
1,700<Wa<3,400
3,400<Wa<5,100
5,100<Wa<6,800
Wa>6,800

0.00
0.25
0.50
0.75
1.00

Pressure

Δ1-variation in
the basin water
availability per
capita in the
studied period,
relative to the
long-term average
(2,662.66 m3/
person year)

Δ1<−20%
−20%<Δ1<−10%
−10%<Δ1<0%
0<Δ1<+10%
Δ1<+10%

0.00
0.25
0.50
0.75
1.00

Response

Improvement
in water-use
efficiency in the
basin,
in the studied
period

Very poor
Poor
Medium
Good
Excellent

0.00
0.25
0.50
0.75
1.00

Results and Discussion
Hydrology indicator:
development and application
Water quantity sub-indicator
The determination of the values of the three parameters
related to the sustainability phases (state, pressure and
response) was achieved by following the steps described

(processed after Chavez and Alipaz, 2007)
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Water quality sub-indicator
The following parameters were established in order
to calculate the water quality sub- indicator (Table 2).
State – basin long-term average BOD5 (mg/l), consists
in establishing the average of the periods 2002-2007 and
2002-2012, the values being recorded at Faţa Motrului
hydrometric station. Pressure - Δ2- variation of BOD5
within the basin river in the studied period related to the
long-term average, results from the difference between
the value of BOD5 recorded in 2007 and 2012, and the
value in 2002. This difference is reported in percentage
compared to the long-term average (10 years), which is
considered as being 100%. Response – improvement in
adequate sewage treatment in the basin in the studied
period is estimated based on the improvements of the
sewage system.
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Change – Natura 2000 [46] and the National Agency for
Environmental Protection [47].

Life Quality Index (LQI):
development and application

Similar to the hydrology indicator, the environment
indicator was computed as the average of its state,
pressure, and response parameters (Table 3). State is the
percentage of the basin area under natural vegetation (Av),
indicating the percentage of the area covered with natural
vegetation out of the total area of the administrative units
in the year when the study started (2002). Pressure is
basin EPI (agriculture areas and urban population) in the
studied period consists firstly in the difference between
the percentage of natural vegetation area and urban
population corresponding to the years 2007, 2012, and
2002. Furthermore, the index formula proposed by Chaves
and Alvarez (2007) is applied (see Eq. 2). Response is
evolution of the area under conservation (number and
surface) in the studied period, is estimated based on data
provided by the Ministry of Environment and Climate

The parameters of Life indicators are related to basin
human life quality. Chavez and Alipaz [16] proposed
the human development index, which is not applicable
given the scale of the research area (LAU2), the lack
of economic data, the high unemployment rate, and the
high percentage of labor migration to Western Europe.
Therefore, the present study used the formula proposed
by Lazăr and Lazăr [28]; the indicators were calculated
and there resulted LQI values for each administrative
unit (2002, 2007, and 2012) (Fig. 2). Furthermore, LQI
determination started from raw values concerning medical
units, medical stuff, employees, supply of drinking water
(thousands of m3 annually), wastewater treatment plants,
and length of the sewage network.
The obtained results after the calculation of LQI were
distributed in six value classes for an easier comparison
in time: <0.024; 0.025-0.043; 0.044-0.060; 0.061-0.147;
0.148-0.398; and 0.399-0.991. The representative value
class is 0.025-0.043 (13 administrative units in 2002; 12
in 2007, and eight in 2012). In 2012, with not so many
administrative units (8), the value class with the variation
between 0.061-0.147 individualizes. At an overview, LQI
variation in the Motru basin met significant increases both
in the five years and in 10 years of study. In 2002, high
values are met in the administrative units situated close
to the main towns, such as Baia de Aramă, Motru, and
Strehaia. In 2007 the growth of the standard of living is felt
in the villages in Mehedinţi county, in the middle basin of
the Motru River (Ilovăţ, Malovăţ, Şişeşti), and in 2002 the
significant increases of LQI belong to the administrative
units located between Motru and Baia de Aramă. This fact

Table 2. Water quality parameters, levels, and scores (state,
pressure, and response).

Table 3. Environment pressure index parameters, levels, and
scores (state, pressure, and response).

Environment Pressure Index (EPI):
development and application

Parameter

Level

Score

Parameter

Level

Score

State

Average long-term
BOD5
within the basin (mg/l)

BOD>10
10<BOD<5
5<BOD<3
3<BOD<1
BOD<1

0.00
0.25
0.50
0.75
1.00

State

Percentage of the
basin area under
natural vegetation (Av)

Av<5
5<Av<10
10<Av<25
25<Av<40
Av>40

0.00
0.25
0.50
0.75
1.00

Pressure

Δ2-variation of BOD5
within the basin in
the studied period,
relative to the
long-term average

Δ2>20%
20%>Δ2>10%
0<Δ2<10%
−10%<Δ2<0%
Δ2<−10%

0.00
0.25
0.50
0.75
1.00

Pressure

Basin EPI
(agriculture areas and
urban population) in
the studied period

EPI>20%
20%<EPI>10%
10%<EPI<5%
5%<EPI<0%
EPI<0%

0.00
0.25
0.50
0.75
1.00

Response

Improvement in
sewage treatment/
disposal
within the basin, in the
studied period

Very poor
Poor
Medium
Good
Excellent

0.00
0.25
0.50
0.75
1.00

Response

Evolution in basin
conservation areas in
the studied period

Very poor
Poor
Medium
Good
Excellent

0.00
0.25
0.50
0.75
1.00

(processed after Chavez and Alipaz, 2007)

(processed after Chavez and Alipaz, 2007)
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Fig. 2. Spatial and temporal distribution of life quality index (LQI) within the Motru River basin.

is due to the development of the water supply and sewage
system in rural areas, which must meet the European
standards; their establishment and modernization was
possible through accessing European funds by local
municipalities. In this regard, we can mention Bala
(the construction of a wastewater treatment plant),
Cătunele (375,000 m3 of drinking water in 2012,
compared to the lack of this facility in 2002), and Floreşti
(35,000 m3 supplied drinking water, a wastewater
treatment plant, and 6.2 km of sewage network in 2012,
compared to the previous years when it did not have all of
these facilities).
Life quality index aggregation by levels and values of
the three parameters is rendered in Table 4. State - LQI
value in the year before the studied period, precisely the
value from 2002 and 2007.

Table 4. Life quality index parameters, levels, and scores (state,
pressure, and response).
Parameter

Level

Score

State

LIFE - life quality
index value in the
year before to the
studied period

LQ<0.1
0.1< LQ <0.3
0.3< LQ <0.6
0.6< LQ <0.9
LQ >0.9

0.00
0.25
0.50
0.75
1.00

Pressure

Variation of
the number of
employees within the
basin, in the studied
period, relative to the
previous period

Δ<−20%
−20%<Δ<−10%
−10%<Δ<0%
0<Δ<+20%
Δ>+20%

0.00
0.25
0.50
0.75
1.00

Evolution of LQ
Index within the
basin, in the period
studied

Δ<−10%
−10%<Δ<0%
0<Δ<+10%
+10%>Δ>+20%
Δ>20%

0.00
0.25
0.50
0.75
1.00

Response

(adapted after Chavez and Alipaz, 2007; Lazăr and Lazăr,
2008)

Pressure - in the case of a life pressure parameter, it was
considered as the variation of the employees during the
studied period. Negative values of this parameter indicate
that the population became poorer during the analyzed
period, and vice-versa. Variation of the employees within
the river basin, in the studied period relative to the previous
period, took into account the number of the employees
at the beginning of the period 2002-07 and at the end of
the studied period 2007-12. Therefore, the percentage
evolution and regression at period level was calculated
(the percentage rendering the number of employees at the
end of the period compared to the beginning of the period;
it was subtracted from 100% in order to obtain the exact
variation).
Response – evolution of LQI within the catchment
area in the studied period consisted in calculating
the LQI values from the beginning of the period (2002
and 2007) and also from its end (2007 and 2012).
Then the percentage of evolution or regression was
calculated at the period level (what percentage LQI
represented at the end of the period compared to the
beginning and the result was subtracted from 100% to find
out the precise variation). Life response parameter is the
percentage variation of LQI in the studied period relative
to the previous value, which gives an indication of the
evolution (positive or negative) of the life quality within
the river basin.

Policy, Education Index (EI):
development and application
The sub-indicators taken into account for the
calculation of EI were selected from the online database
of the National Institute of Statistics [45] and correspond
to each local administrative unit for 2002, 2007, and 2012:
schools, teachers, school population, libraries, and number
of PCs (Fig. 3).
For a better statistic and graphical interpretation, EI
values related to the administrative territorial units within
the Motru basin were divided into six value classes:

Watershed Sustainability Index Development...

2101

Fig. 3. Spatial and temporal distribution of education index (EI) within the Motru River basin.

<0.124, 0.125-0.195, 0.196-0.269, 0.270-0.445, 0.4460.633, and 0.634-0.847.
In the studied period EI values were declining and this
fact was proved even by the predominant value class: in
2002, 15 administrative territorial units corresponded to
the value class 0.270-0.445; in 2007 most administrative
territorial units (12) had values between 0.125-0.195;
in 2012 the values were reduced significantly, the
administrative territorial units (13) being represented in
the majority by the class 0.196-0.269. EI has recorded high
values, corresponding to the class 0.634-0.847 in 2002 and
2007 for Motru, Padeş, Bala, and Corcova (EI value 0.847
in 2002); and Motru and Corcova (EI value 0.731 in 2007).
In 2012 this value class was not represented, the highest
values being between 0.446-0.633 and corresponding to
Motru (EI value 0.633), Padeş, Corcova, and Şişeşti (the
location that recorded progress in education – the EI value
is 0.544 in 2012 in comparison with 0.500 in 2002).
The variation of the sub-indicators that were the
starting point in determining values had an impact on the
dynamics of local education. Thus, significant reductions
were recorded at school level: schools (Motru: 16 in 2002
and only five in 2012; Strehaia: 15 in 2002 and only two
in 2012), teachers (Motru: 346 in 2002 and only 283 in
2012; Strehaia: 177 in 2002 and only 128 in 2012), and
pupils (Motru: 6,545 in 2002 and 5,022 in 2012; Strehaia:
2,724 in 2002 and 2,187 in 2012). The only sub-indicator
that recorded an increase between 2002-12 is the number
of PCs at the level of local administrative units, despite
the fact that the river basin is predominantly rural. Urban
surroundings recorded the highest increases: Motru (144
PCs in 2002 and 265 in 2012) and Strehaia (52 PCs in
2002 and 90 PC in 2012), adding also to these Floreşti (six
PCs in 2002 and 51 PCs in 2012).
Determining EI as a weighted average of the scores
of the three parameters was based on the steps described
below; the resulted values are presented in Table 5.
State – EI value in the year before the studied period
corresponds to the values calculated in the years 2002 and
2007. Pressure – variation of the pupils’ number in the

studied period relative to the previous period, represents
the number of pupils registered at the beginning of the
period (2002-07), and at the end of the studied period
(2007-12); then the evolution or regression percentage
(the percentage represented by the number of pupils at the
end of the period compared to the beginning and the result
subtracted from 100% to find out the exact variation) was
calculated.
Response - evolution of EI is shown by the EI values
from the beginning of the period (2002-07) and from the
end of the period (2007-12). The percentage evolution
or regression was calculated (what percentage EI value
represented at the end compared to the beginning and the
result was subtracted from 100% for an exact variation).
The negative values for the two pressure and response
parameters come to confirm once again the decrease in the
number of inhabitants in the entire basin and demographic
aging (these two are generated mainly by the decrease
of the students’ number and subsequently the decrease
Table 5. Education index parameters, levels, and scores (state,
pressure, and response).
Parameter

Level

Score

State

Education Index
value in the year
before the studied
period

EI<0.1
0.1< EI <0.3
0.3< EI <0.6
0.6< EI <0.9
EI >0.9

0.00
0.25
0.50
0.75
1.00

Pressure

Variation of the
pupils’ number in
the studied period,
relative to the
previous period

Δ<−20%
−20%<Δ<−10%
−10%<Δ<0%
0<Δ<+10%
Δ>+10%

0.00
0.25
0.50
0.75
1.00

Response

Evolution of
Education index
within the basin, in
the studied period

Δ<−10%
−10%<Δ<0%
0<Δ<+10%
+10%>Δ>+20%
Δ>20%

0.00
0.25
0.50
0.75
1.00

(adapted after Chavez and Alipaz, 2007; Lazăr and Lazăr, 2008)
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of schools). Since this indicator measures the population
educational level, negative EI values would be correlated
with the disability and unavailability of the population to
become involved in the management of the river basin,
putting more pressure on the decision-makers.

of sustainability adaptive to the Romanian reality that can
be easily extrapolated to any EU country. In the case of
water quantity pressure parameter, the variation in Wa
during the five-year studied period, with respect to the
long-term average, was -53.43. This resulted in a pressure
score of 0.00. In the case of quantity response, in the fiveyear considered period, there was some improvement in
water use efficiency (extension of water supply systems
and the construction of wastewater treatment plants)
within the basin, which corresponds to a score of 0.25
and 0.5 (Table 1). Therefore, the averaged value of
state, pressure, and response parameters for water
quantity in the basin was 0.17 for five years and 0.67 for
10. Regarding the water quality sub-indicator, pressure
corresponded to the variation in the BOD5 within the
basin in the five-year period (-1.96%) and in the 10-year
period (-14.31%), yielding, according to Table 2, scores
of 0.75 and 1.00. The state parameter for quality (the
basin BOD5 long-term average) was equal to 2.33 mg/l
for five years and to 1.69 mg/l for 10 years. This resulted
in a state score of 0.75. The response for the water quality
sub-indicator resulted in a score of 0.25 and 0.50 (poor
improvement in sewage treatment/disposal in the studied
five years and medium in the 10-year period). The quality
sub-indicator was therefore 0.58 and 0.75. Hence, the
overall hydrology indicator value is simply the average
of the quantity and quality sub-indicators: 0.37 for the
period 2002-07, five years; 0.71 for the period 2007-12,
10 years.
Concerning the environment pressure index,
the combined basin variation (increase/decrease) in
agricultural area and urban population in the studied
period was 0.37 respectively, -0.34. This corresponds to
an environmental pressure score of 0.75 for five years and
1.00 for 10 years. In the case of environmental state, the
basin had 28.28% and 28.47% of its original vegetation
cover in the years 2002, respectively 2007, which resulted
in a value of 0.75 and 1.00. The environmental response
(evolution in protected areas of surface and number) was
poor and medium within the Motru basin, thus resulting in
a score of 0.25 and 0.75. Therefore, the overall score for
the environment indicator was 0.58 (five years) and 0.75
(10 years).

Watershed Sustainability Index:
final values
The interpretation of the watershed sustainability
index value is based on the 0-1 range, with 1 being the
most preferred and 0 the least preferred. The comparison
of the final value can be done on a global scale, e.g.,
the performance of a basin is considered low if the final
index of WSI is <0.5, intermediate if WSI is between
0.5 and 0.8, and high if WSI is >0.8 [16]. By applying
the previously presented methodology, the Motru basin
obtained an overall WSI score of 0.36 (low sustainability)
and 0.51 (intermediate sustainability). The watershed
sustainability index is being applied to other basins in South
America, Africa, and Oceania. The same intermediate level
of basin sustainability was obtained for the F. Verdadeiro
basin (southern Brazil) between 1996 and 2000 (WSI
score was 0.65) [16]. For West Java, the WSI final value is
considered poor, poor-medium, medium-good, or good if
its value is <25, between 25 and 50, between 50 and 75, or
between 75 and 100, respectively [17]. The interpretation
of the sub-index and final index values has been linked
to the level of priority of action. In this regard, the final
values obtained for the Motru basin correspond to poormedium (0.36 for five years) and medium-good (0.51 for
10 years), which require high-medium and medium-low
priority actions, respectively.
Tables 6 and 7 present the levels, scores, and overall
WSI for the analyzed periods of five (2002-07) and 10
years (2002-12). The choice of the years of study takes into
account the implementation stages of the Water Framework
Directive [2] in Romania. The results are visible in the
short term, to the achievement of the main objective,
namely “good status” by 2015. The adaptation of the index
proposed by Chavez and Alipaz [16] aims at changing the
threshold values for level and score in case of life quality
index and education index [28], thus resulting in an index

Table 6. Levels and values of the parameters and the basin WSI (2002-07).
State

Pressure

Response

Result

Level %

Score

Level

Score

Level

Score

2,554.48
m3/person year

0.25

- 53.43

0.00

Poor

0.25

0.17

2.33 mg/l

0.75

-1.96

0.75

Poor

0.25

0.58

Environment

28.28

0.75

0.75

Poor

0.25

0.58

Life Quality

0.105

0.25

-15.87%

0.25

-0.44%

0.25

0.25

Policy-Education

0.369

0.5

-10.30%

0.25

-28.72%

0.00

0.25

Hydrology

Result

0.37

WSI = (0.37+0.58+0.25+0.25)/4=

0.36
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Table 7. Levels and values of the parameters and the basin WSI (2002-12).
State

Hydrology
Environment

Pressure

Response

Result

Level %

Score

Level

Score

Level

Score

4,118.98
m3/person year

0.50

5.32

1.00

Medium

0.50

0.67

- 14.31

0.75

1.69 mg/l

1.00

Medium

0.50

0.75

1.00

Medium

0.5

0.75

28.47

0.75

-0.34

Life Quality

0.104

0.25

-12.79%

0.25

16.07%

0.75

0.42

Policy- Education

0.263

0.25

-23.51%

0.00

-27.91%

0.00

0.17

Result

WSI =(0.71+0.75+0.42+0.17)/4=

0.51

The temporal dynamics of life and education indicators
and their distribution at territorial level offers an overview
to the following aspects:
–– Motru scores high in the quality of life index while
Baia de Aramă recorded an increase in living standards,
a phenomenon also recorded by one of the adjacent
administrative territorial units, namely Ponoarele
(LQI: 0.054 in 2002 and 0.238 in 2012). The
administrative units Bala, Cătunele, and Floreşti
(located along the Motru in the middle sector) recorded
increases in terms of life quality, having LQI values
corresponding to the class 0.148-0.398 in 2012.
–– Baia de Aramă and Strehaia were characterized by
low values of EI, Baia de Aramă: 0.194 (2002) and
0.105 (2012), and Strehaia: 0.408 (2002) and 0.175
(2012). There were only two rural cases characterized
by an increase of the educational level in the entire
river basin (the phenomenon was generated by the
increasing number of teachers and computers).
The analysed aspects emphasize mainly the fact that
in many of these administrative units (20 rural and four
urban), significant progress was made in living conditions
and regressions in the educational environment (ObârşiaCloşani, Isverna, and Şovarna in the middle basin and
Greci, Brezniţa-Motru, and Stângăceaua in the lower
basin). According to the dynamic evaluation of quality of
life and education at the level of administrative units, a
series of aspects must be taken into account as they have
triggered problems and economic and cultural differences
between different local communities, for instance the
asymmetries between urban and rural areas: attracting
European funds by town halls to equip schools and
hospitals, extending water supply and sewage networks
in rural areas, developing wastewater treatment plants
in urban areas, ensuring the drainage of surface waters
through restoration works, and organizing campaigns
regarding pollution and protection of water resources.

based on the Water Framework Directive to national
legislation, while at the same time being a useful tool
for land-use planning and decision-making in the area of
water protection.
The conducted methods highlight the fact that life
and policy sub-indicators of the global index need to
be replaced for the Romanian river basins; the hardest
decision in this regard was the establishment of the
correspondents for per capita income and the basin
institutional capacity in integrated water resource
management. Therefore, new contributions prove their
significance in the methodological advancement by the
adaptive sub-indicators for each case study, depending on
its features concerning demography, education level, and
stage of development. Even though the research deviates
from the classic formula of the Watershed Sustainability
Index, by bringing to the same final value, comprised
between 0 and 1, the employed method does not affect
its application and provides comparative capability across
cases. The advantages of the new watershed sustainability
index (WSI) are numerous:
–– WSI is available: the indicator data are available and
easily accessible. They are collected and published
on a routine basis and made available to the public
(website of the National Institute of Statistics).
–– WSI is understandable: indicators are easily understood
by a wide range of nontechnical audiences, such as
water availability per capita, urban population, life
quality, and education level.
–– WSI is relevant: indicators reflect changes in the
management and activities in the watershed (decrease
of the number of schools and improvement of water
supply and sewage systems). They are able to measure
changes over time (as proven by the variation in value
for both periods of analysis of five and 10 years).
–– WSI is integrative: indicators demonstrate connections
among the environmental, social, and educational
aspects of sustainability.

Conclusions
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