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Abstract The sustainable access to basic sanitation services is one of the targets of the
Millennium Development Goals (MDGs) adopted by the United Nations in 2000. A monitor-
ing and reporting program on progress made on access to improved sanitation services has
been pursued by the global community using the universal indicator ’proportion of population
using an improved sanitation facility’. However, monitoring and reporting progress using this
indicator does not reflect the effective wastewater management and pollution control. This
paper presents a methodological approach for quantitative assessment of the effective waste-
water management based on non-additive aggregation methodology which accounts for the
interactions among indicators. Firstly, a set of indicators are identified and calculation methods
are presented. Secondly, the use of 2-order Choquet integral to aggregate indicators into an
Effective Wastewater Management index (EWM) is proposed. At the practical level, results of
evaluation of the EWM of the Wastewater Collection Systems in Lebanon are then presented
and discussed. Finally, the conclusions and further developments are presented.

Keywords Effective wastewater management . Interacting indicators . Choquet integral

1 Introduction

Sustainable development indices are receiving increasing worldwide acceptance as they permit
an easier monitoring and progress assessment towards particular targets. The Millennium
Development Goal (MDG) No. 7 on ensuring environmental sustainability includes one target
related to drinking water and sanitation, and challenges the world to halve, by 2015, the
proportion of people without sustainable access to safe drinking water and basic sanitation
(United Nations 2000). The sanitation part of this target is evaluated by the indicator
’proportion of population using an improved sanitation facility’ (United Nations 2008).

The Joint Monitoring Programme (JMP) of the World Health Organization (WHO) and the
United Nations Children’s Fund (UNICEF) is the official United Nations mechanism for
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monitoring and reporting on the global status and the progress towards the water and sanitation
targets (WHO 2000). An improved sanitation facility is defined by the JMP as one that
hygienically separates human excreta from human contact (JMP 2014). Therefore, the pro-
portion of the population using an improved sanitation facility is the percentage of the
population who use any of the following types of facilities: connection to a public sewer;
connection to a septic system; ventilated improved pit latrine; pour-flush latrines and simple pit
latrines. It does not include public or shared latrines, open pit latrines and bucket latrines.
Definitions and detailed description of these facilities could be obtained from JMP (2014). The
MDG sanitation indicator is computed as the percentage of the population who use improved
sanitation facilities to the total population. The estimates of proportion using improved
sanitation facilities originate from data gathered through international household surveys and
national censuses (WHO 2006).

The present MDG sanitation indicator addresses only access to basic sanitation which has
been de facto restricted to access to toilets; accordingly, the use of toilets connected to piped
sewer network is considered by JMP as improved sanitation facility. However, the collected
wastewater returns back into rivers, lakes or groundwater and may cause damage to human
health or to the environment. The degree of environmental risk associated with the disposal or
reuse of wastewater could not be evaluated by the present universal sanitation indicator (UN-
ESCWA 2013a; Kvarnström et al. 2011; Kuznyetsov 2007). In this regard, the global debates
regarding the formulation of a Sustainable Development Goals (SDGs) during the preparation
of a post-2015 development framework recognize the importance of delivering effective
sanitation systems that could monitor and report on progress towards collection, treatment,
reuse and disposal of wastewater (UN Water 2014). A review of the positions of most of the
main actors that are participating to the deliberations on the post-2015 development agenda
related to the water and sanitation sectors reveals a wide consensus that the SDGs need to
incorporate three fundamentals, namely (UN-ESCWA 2013b): (a) integrated water resources
management; (b) access to water and sanitation; and (c) effective wastewater management.

The inclusion of a wastewater management and pollution control target is, therefore, an
essential component of any future water agenda. Such a target should stimulate national
actions on progress towards protection of the human health and the environment.

This study proposes a methodological framework for quantifying and assessing the effec-
tive wastewater management for monitoring and reporting of the sustainable access to piped
sewer system. In addition to the universal sanitation indicator (proportion of population
connected to piped sewer network), four other indicators are considered and all are aggregated
into an overall Effective Wastewater Management (EWM) index using Choquet integral
aggregation methodology. The proposed approach is then applied to the wastewater collection
systems in Lebanon. The proposed EWM takes values between 0 and 100 % ranging from
extremely ineffective wastewater management conditions, to totally effective conditions which
are presently meeting the national wastewater management targets.

2 Indicators Related to the Effective Wastewater Management

Performance indicators can be defined as items of information collected at regular intervals to
track the performance of a system and convey to policy makers important insights and
directions (Fitz-Gibbon 1990). In addition to the universal sanitation indicator, various agen-
cies and organizations worldwide have developed indicators to measure wastewater systems
performance (Van Den Berg and Danilenko 2011; US EPA 2009; Alegre et al. 2006; Bagheri
et al. 2006; Ashley and Hopkinson 2002; UN-ESCWA 2013a, b). The effective management
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should include three important aspects: wastewater treatment to protect the environment,
wastewater and sludge reuse and energy production for sustainable operation, and resources
optimization.

In line with the above three mentioned aspects, and based on the available data, a set of
indicators are considered to evaluate an overall Effective Wastewater Management index
(EWM). These indicators are:

– Proportion of population connected to piped sewer network (network coverage)
– Proportion of secondary treated wastewater
– Proportion of safe reuse of treated wastewater
– Proportion of safe reuse of treated sludge
– Proportion of biogas produced

The proportion of effluent that had undergone primary, secondary or tertiary treatment has
been widely used as wastewater treatment indicator by different international environmental
organizations (European Environment 2013; Van Den Berg and Danilenko 2011; US EPA
2009; UN-ESCWA 2013a, b). The wastewater treatment reflects the extent of environmental
risk associated with the disposal of wastewater. The Urban Wastewater Treatment Directive
adopted by the Council of the European Communities defines the concentration values of the
relevant parameters that should be respected for the secondary treated wastewater and for the
other levels of purification (Council of the European Communities 1991). Additionally, the
safe reuse of treated wastewater and sludge can also reduce environmental risks by reducing
wastewater and sludge discharge into the natural environment (Chowdhury and Al-Zahrani
2013; Council of the European Communities 1986, 1991). They can also increase agricultural
production in countries where water resources are extremely limited such as the Arab region
(UN-ESCWA 2013b). Moreover, biogas produced from wastewater sludge represents a
valuable renewable energy source, and the resulting digested residues can be used as fertilizer
for land application.

It is important to mention that each country is particular by its institutional, social, and
economic conditions that influence its wastewater collection and treatment policies and
strategies. The identification of indicators is influenced by the degree of development of the
wastewater collection systems in the country and the availability of data related to these
systems. Thus, the identified indicators and their methods of calculation could be approached
in different ways according to the specific conditions of each country. At present, tertiary
wastewater treatment plants in Lebanon are not applicable.

Table 1 provides measurable variables and methods of calculation of the considered
indicators. The constituents of the treated effluent and treated sludge used in quantifying the
indicators should be tested and complying with standards defined by the Council of the
European Communities (1991). The safe reuse of treated wastewater and sludge should
meet the necessary WHO (1989) guidelines.

3 Proposed Method of Evaluation of the Effective Wastewater Management Index

The proposed EWM index aggregates a set of indicators measuring particular characteristics of
a wastewater system. This aggregate index has several positive aspects: it allows summarizing
the relationship among the concerned indicators; it facilitates communication to the concerned
wastewater systems managers; it serves as a basis for monitoring and reporting; and it allows
the comparison of effective wastewater management progress between different wastewater
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systems and across different years. Various international development institutions and research
groups have sought to define aggregate indices for the purpose of monitoring and reporting
sustainable development and human wellbeing (Singh and Gupta 2009; Sadiq 2010; Hak et al.
2012; Mori and Christodoulou 2012; Bossel 1999). A review of major sustainable develop-
ment indices could be found in Singh and Gupta (2009) and Mori and Christodoulou (2012).

The aggregation of sustainable development indices consists of two steps: in the first step,
the considered indicators are normalized in a common measurement scale using a utility
function; the second step is the application of an aggregation operator. The proposed indicators
in this study are normalised by their formation and take values between 0 and 100 % ranging
from very low to very high performances.

The most common way to aggregate multiple indicators for the purpose of monitoring and
reporting sustainable development is to use the weighted arithmetic average, where each
weight is given by an expert to represent the importance of a particular indicator (Singh and
Gupta 2009; Sadiq 2010; Hak et al. 2012; Mori and Christodoulou 2012; Bossel 1999).
Simplicity and ease of use are the main advantages of this commonly used aggregation
operator. However, the weighted average operators are suitable only if all the indicators are
independent of each other, i.e., the measures of the indicators are additive. For measures that
are non-additive, i.e., if there are synergy or redundancy among the indicators, information that
is complementary or redundant is not properly accounted for by using the weighted average
operators, which may lead to a bias in the overall assessment of the aggregated index.

Table 1 Descriptions, measurable variables and methods of calculation of the selected indicators

Indicator Measurable Variables Calculation

Proportion of population connected to
piped sewer network (PCP) (JMP 2014)

CP=Population connected to piped sewer
network (No.) TP=Total population
(No.)

PCP ¼ CP
TP � 100

Proportion of population connected to
secondary treatment (PCST) (European
Environment 2013; Van Den Berg and
Danilenko 2011; US EPA 2009; UN-
ESCWA 2013a; 2013b)

STW=Annual volume of collected domestic
wastewater which has undergone
secondary treatment (m3/year) TC=Total
volume of collected domestic
wastewater (m3/year)

PCST ¼ STW
TC � 100

Proportion of safe reuse of treated
wastewater (RTW) (UN-ESCWA
2013a, b)

STWR=Annual volume of secondary
treated domestic wastewater safely
reused (m3/year) STW=Annual volume
of collected domestic wastewater which
has undergone secondary treatment
(m3/year)

RTW ¼ STWR
STW � 100

Proportion of safe reuse of treated sludge
(RTS) (set by author)

QTSR=Annual quantity of treated sludge
safely used in agriculture (in tons of dry
solids per year) (tDS/year) TQS=Total
annual quantity of produced sludge
resulting from the primary and
secondary wastewater treatment
processes (tDS/year)

RTS ¼ QTSR
TQS � 100

Proportion of biogas produced (BP) (set by
author)

QB=Annual quantity of biogas produced
(m3/year) TQB=Potential annual biogas
production from quantity of produced
sludge (resulting from the actual primary
and secondary wastewater treatment
processes) (m3/year)

BP ¼ QB
TQB � 100
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The five indicators considered in this study are not independent of each other. For example,
the collected volume of wastewater is directly linked to the proportion of population connected
to piped sewer network (network coverage). Moreover, wastewater reuse and sludge reuse are
strongly correlated to wastewater treatment, and these are all related to the environmental
protection risks.

In order to account for all mentioned correlations (interactions) among the individual
indicators, any aggregation approach that is additive in nature, such as weighted average
operators, cannot be selected. Instead, the use of discrete 2-order Choquet integral to account
for correlation among the indicators is proposed. The discrete Choquet integral has been
proposed by many authors as an aggregation tool of non-additive measures and as an adequate
substitute to the weighted arithmetic mean to aggregate interacting indicators (Marichal 2002;
Grabisch et al. 2003; Grabisch and Lebreusche 2010; Bebcakova et al. 2011). In this section,
the Choquet integral aggregation model will be defined, and we will discuss the simplified 2-
order Choquet integral and demonstrate its application to evaluate the effective wastewater
management index.

In the Choquet integral model, where indicators can be dependent, a fuzzy measure is used
to define a weight on each combination of indicators, thus, making it possible to model the
existing interaction among indicators. A finite universal set of indicators N={1, …, n} will be
considered, where n is the cardinality of the set, i.e., n=|N|. A fuzzy measure μ on N is defined
as a monotone set function μ: 2N→[0, 1] to indicate the importance of an indicator or a subset
of indicators (also referred to as a coalition). The set function satisfies:

a- μ(Ø)=0 (where Ø represents an empty set), μ (N)=1, and
b- for any subsets S and T, S⊆T⇒μ(S)≤μ(T) (monotonicity).

The monotonicity property states that having more elements in a coalition does not reduce
the importance of a coalition.

Consider the case of two indicators i, j ∈ N. If μ (i, j)=μ (i)+μ (j), the two indicators contain
independent information; if μ (i, j)<μ (i)+μ (j), the two indicators are substitutive, i.e., simply
adding the scores of both indicators leads to the inclusion of redundant information; if μ (i,
j)>μ (i)+μ (j), the two indicators are complementary, i.e., having both indicators enhances the
overall information content of the fuzzy measure μ.

If (x1, x2,…, xn) are the values of the normalized indicators, the Choquet integral of (x1, x2,
…, xn) ∈ ℜn is defined as follows:

Cμ x1; x2;…; xnð Þ ¼
X

i¼1

n

x ið Þ μ A ið Þ
� �

−μ A iþ1ð Þ
� �� � ð1Þ

where x(i) is the normalised value of indicator i, and x is permutated on N such that x(1)≤
x(2)≤…≤x(n), A (i)={(i), …, (n)}, and A(n+1)=Ø. We, thus, observe that the weights related to
the indicators when using the weighted arithmetic average operator have been substituted by
the weights μ(i1, …, ik) related to all the combinations of indicators, thus making possible to
express dependence between some indicators. For demonstration purposes of the calculation of
the Choquet integral, the reader could refer to Marichal (2002) and Grabisch et al. (2003,
2010).

Over a problem involving n indicators, specification of the general Choquet integral
requires 2n coefficients in [0, 1] in order to define the fuzzy measure μ on every subset. It is
very difficult to an expert to give such an amount of information. To handle this problem,
Grabisch (1997) proposed to use the concept of k-order fuzzy measure Choquet integral which
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considers only the interactions of indicator sets with k or fewer indicators. Practical applica-
tions indicate that the 2-order case is the most motivating, since it considers interactions
between pairs of indicators and at the same time it is not very complicated (Marichal and

Roubens 2000; Berry et al. 2007; Zhang 2012). In this particular case, only n nþ1ð Þ
2 coefficients

are required to define the fuzzy measures; the Choquet integral becomes (∧ denotes the
minimum operation):

Cμ x1; x2;…; xnð Þ ¼
X

iN

a ið Þxi þ
X

i; jf g⊆N
a i jð Þ xi∧x j

� � ð2Þ

where the weights a(i), i ∈ N, and a(i j), {i, j}⊆N, fully specify the Choquet integral model.
Details of the derivation are given in (Marichal and Roubens 2000) and Grabisch (1997). The
coefficient a(i) ∈ [0, 1] describes the relative importance of indicator i (a greater value denotes
greater relative importance); whereas a(i j) ∈ [−1, 1] describes the interaction between
indicators i and j, i.e., if they contain information that is independent, redundant, or comple-
mentary; a(i j)>0 indicates that i and j are complementary indicators; while a(i j)<0 indicates
that they are substitutive; finally a(i j)=0 indicates that there is no correlation between them.

The following boundary and monotonicity conditions must be ensured (Marichal and
Roubens 2000):

a ið Þ≥0; ∀ i ∈N ;

a ið Þ þ
X

j∈T
a ijð Þ≥0;∀i ∈N ; ∀ T⊆N∖i:

Finally, the relation between the real weights of indicators I(i) (known also as Shapley
index), the apparent weights a(i) and the interaction weights a(i j) could be obtained and
written by Grabisch and Lebreusche (2010) and Marichal and Roubens (2000):

ð3Þ

where: I(i) ∈ [0, 1] for all i ∈ N and
X

i∈N
I ið Þ ¼ 1

The weights of interacting indicators should be identified based on experts’ elicitations. We
propose to address the problem of identification of weights through the following steps:

Step 1 Define the real weights of indicators I(i) ∈ [0, 1] for all i ∈ N, ranging from low
importance to high importance respectively with ∑ I(i)=1.

Step 2 Define the interaction coefficients a(i j) for all {i, j}⊆N.
Step 3 Using equation (3), calculate the apparent weights of indicators a(i) for all i ∈ N.
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2

X
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For the particularity of our case study, the weights of interacting indicators are identified
based on Lebanese experts’ elicitations. Table 2 presents the insights and values of weights that
resulted from the discussion with the experts.

Using equation (3), the apparent weights of indicators a(i) for all i ∈ N are calculated.
Results of indicators weights are shown in Tables 3 and 4.

4 Study Area

At present, the population of Lebanon accounts about 4.28 million and produces about 233
million cubic meters of domestic wastewater annually (MEW 2012a, b). The responsibilities of
water supply and wastewater collecting and treatment systems in Lebanon are delegated to the
following four Regional Water Authorities (RWAs): Beirut and Mount Lebanon (BML); North
Lebanon; South Lebanon; and Bekaa. Table 5 presents the population served by RAWs and the
data of the measurable variables necessary to evaluate the proposed indicators for
years 2000, 2005, 2010 and 2014. These data are obtained from the available records
at the Regional Water Authorities (RAWs) and the Ministry of Energy and Water
(MEW) in Lebanon (MEW 2012a, b).

5 Applications and Analysis of Results

The evaluation of the EWMs of the wastewater collecting systems in the four RWAs will be
presented through the various steps of the proposed methodology.

Table 2 Experts’ insights and the related weights

Experts’ insights The weights agreed upon by experts

PCST is the most important indicator due to its direct high
impacts on environmental protection, I(PCST)>I(PCP)>
I(RTW)>I(RTS)=I(BP)

I(PCP)=0.25, I(PCST) =0.4, I(RTW) =0.15,
I(RTS) =0.1 and I(BP)=0.1

The digested residues of sludge used in energy production are
generally reused as fertilizers in agriculture, therefore, there is
some overlap between RTS and BP.

a(RTS BP)=− 0.05 (<0 indicates redundancy
between RTS and BP)

There are complementary information between PCP and PCST,
and between PCST and the three indicators: RTW, RTS and BP.
The positive interaction of (PCP and PCST), (PCST and
RTW), (PCST and RTS) and (PCST and BP) are rather
important for effective wastewater management and must be
favoured.

a(PCP PCST)=a (PCST RTW)=0.18 and a
(PCST RTS)=a(PCST BP)=0.12

There is independent information between PCP and the three
indicators: RTW, RTS and BP, and also between RTW and the
two indicators: RTS and BP.

a(PCP RTW)=a (PCP RTS)=a(PCP BP)=
a(RTW RTS)=a(RTW BP)=0

Table 3 Weights a (i) for the different indicators

PCP PCST RTW RTS BP

a(i) 0.16 0.10 0.06 0.065 0.065
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First, the values of the considered indicators are calculated based on data presented in
Table 5. Table 6 presents the resulting values of indicators. The 2-order Choquet integral is
thus calculated and the effective wastewater management indices for years 2000, 2005, 2010
and 2014 are evaluated. The results are presented in Table 7. Fig. 1 presents the EWM indices
along with the concerning indicators for the four RWAs in Lebanon for years 2000, 2005, 2010
and 2014. The progresses gained of the EWM indices from 2000 to 2014 (EWM2014 (%)—
EWM2000 (%)) are shown in Fig. 2.

Over the past 14 years, significant progress was made in connecting population to waste-
water collecting systems in all RWAs in Lebanon. The wastewater collection network coverage
in BML water authority was 60 % in 2000 and reached 84 % in 2014. This high proportion of
progress is a pointer of the high financial investment in the construction of piped sewer
networks in Lebanon since 2000. However, by evaluating the effectiveness of wastewater
management along with these achievements, the EWM indices show a very low performance
with a score range between 19.6 % (BML) and 27.6 % (North Lebanon) in 2014 (Table 7).

Table 4 Interaction indices a (ij) between the different indicators

PCP PCST RTW RTS BP

a(i j) PCST 0.18

RTW 0 0.18

RTS 0 0.12 0

BP 0 0.12 0 −0.05

Table 5 Data of the measurable variables and the resulted values of indicators

Water
Authority

Year TP CP TC
(m3/
year)
(×103)

STW STWR
(m3/
year)
(10×3)

QTSR
(tDS/
year)

TQS
(tDS/
year)

QB TQB

(No.) (No.) (m3/year)
(10×3)

(m3/year)
(10×3)

(m3/year)
(10×3)(×103) (×103)

BML 2000 1700 1020 31646 380 50 25 367 0 126

2005 1825 1285 47841 710 250 39 572 0 197

2010 1960 1465 68177 2050 1000 92 1322 0 455

2014 2104 1770 93354 2150 1500 125 1320 0 454

North
Lebanon

2000 703 232 6838 450 36 34 458 0 158

2005 755 281 8718 1018 120 76 984 0 339

2010 810 348 15115 2105 496 226 1454 3 500

2014 870 423 26247 6924 2310 1155 3348 21 1152

South
Lebanon

2000 608 182 5093 40 5 5 43 0 15

2005 653 250 7756 1200 200 152 1160 0 399

2010 701 290 11696 2130 500 252 1584 5 545

2014 753 330 18429 3950 1000 563 2122 8 730

Bekaa 2000 451 94 2566 110 37 34 121 0 42

2005 484 134 3949 586 236 226 596 0 205

2010 520 173 5367 964 423 412 932 4 321

2014 558 201 9354 1954 998 596 1260 5 433

(MEW 2012a, b) and data compiled by the author
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These low EWM scores indicate that the collected wastewater in Lebanon are ineffectively
managed and severely negatively affecting the environment.

As illustrated in Fig. 1, the low EWM scores are due to the low performance of the
considered indicators. Moreover, as can be seen in Fig. 2, the progress gained towards EWM
by North Lebanon water authority since 2000 is the highest among the RWAs with a value of
17.5 %.

The above mentioned results confirm the necessity to put the wastewater collecting systems
in Lebanon on a sustainable footing and protecting the environment by developing wastewater
infrastructure to increase treatment capacities and ensuring reuse where possible. In addition,
the increased coverage of collection networks should be conceived and executed along with
the adequate treatment capacity and reuse options.

With the purpose to compare the calculated EWM based on the Choquet integral and when
using the weighted average approach, the EWM scores for the year 2014 are calculated by the
weighted average operator (WAO) and results are presented in Table 8. The EWM score of
BML in 2014 calculated by WAO is the highest among the RWAs. However, despite its high
sewer network connection rate (PCP indicator), BML has a very low proportion of population
connected to secondary treatment (PCST indicator). This is rather critical, since it severely

Table 6 Resulting values of indicators

Water Authority Year PCP (%) PCST (%) RTW (%) RTS (%) BP (%)

BML 2000 60.0 1.2 13.2 6.8 0.0

2005 70.4 1.5 35.2 6.8 0.0

2010 74.7 3.0 48.8 7.0 0.0

2014 84.1 2.3 69.8 9.5 0.0

North Lebanon 2000 33.0 6.6 8.0 7.4 0.0

2005 37.2 11.7 11.8 7.7 0.0

2010 42.9 13.9 23.6 15.5 0.6

2014 48.6 26.4 33.4 34.5 1.8

South Lebanon 2000 30.0 0.8 12.5 11.6 0.0

2005 38.3 15.5 16.7 13.1 0.0

2010 41.4 18.2 23.5 15.9 0.9

2014 43.8 21.4 25.3 26.5 1.1

Bekaa 2000 20.8 4.3 33.6 28.1 0.0

2005 27.7 14.8 40.3 37.9 0.0

2010 33.3 18.0 43.9 44.2 1.2

2014 36.0 20.9 51.1 47.3 1.2

Table 7 Results of the proposed Effective Wastewater Management Index (EWM) (%)

Water Authority Year Progress 2000–2014

2000 2005 2010 2014

BML 11.5 14.7 17.1 19.6 8.1

North Lebanon 10.1 13.5 17.5 27.6 17.5

South Lebanon 6.8 16.7 19.5 22.8 16.0

Bekaa 9.7 17.9 21.4 24.2 14.5

Quantitative Assessment of Effective Wastewater Management 491



negatively impacts the environment and represents a highly ineffective wastewater manage-
ment condition. Furthermore, North Lebanon is not as good as BML for PCP, but indeed, it
has balanced scores on all indicators. The wastewater management experts consider that North
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Fig. 1 The EWM indices along with the concerning indicators for the four RWAs
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Lebanon should get a better EWM score compared to BML. Therefore, the additive model is
not appropriate to calculate EWM since it cannot consider the complementary and the
redundancy among the indicators. In fact, wastewater management experts consider that both
indicators PCP and PCST have to be satisfactory in order to get a satisfactory EWM, the
satisfaction of only one indicator being inadequate. The same condition applies to (PCST and
RTW), (PCST and RTS) and (PCST and BP). In line with this, the scores of the EWM
calculated by Choquet integral presented in the study are consistent with experts’ judgments.

Lastly, in order to analyze the robustness of the EWM ranks, a sensitivity analysis has been
performed for the EWM scores in 2014 using 25 random sets of weights varying within the
interval of ±20 % of the original set values expressed by the experts. The sensitivity analysis
has shown a complete agreement in ranking along with the original EWM scores for the four
RWAs. Nevertheless, the use of the proposed approach to evaluate and monitor the EWM
across countries necessitates performing additional rigorous robustness/sensitivity analyses to
analyze the distributions of the EWM scores and ranks compared to reference EWM results.

6 Conclusions

This study proposes a methodological framework for quantifying the effectiveness of waste-
water management. Wastewater treatment, reuse and biogas production indicators were pro-
posed to provide an understanding of the effective management of the collected wastewater.
Typically, indicators used in the effective management assessment are not independent. To
appropriately consider inter-linkages and synergies across indicators, the 2-order Choquet
integral model was proposed to aggregate the indicators into an overall Effective Wastewater
Management Index. The proposed approach is then applied to the wastewater collecting
systems in Lebanon.

The established Effective Wastewater Management Index aims to improve monitoring and
reporting towards reliable wastewater collecting systems. This research will help to strengthen
the capacity of water authorities in monitoring the progress towards sustainable sanitation
systems. The proposed approach could also be used to evaluate and monitor the progress of
EWM across groups of countries; in this respect, it is necessary to perform sufficient
coordination between countries to identify optimal common weights. It is expected that the
use of the proposed index will contribute to the enrichment of the regional and global debates
regarding the formulation of a Sustainable Development Goals during the preparation of a
post-2015 development framework. Such goals should monitor and stimulate national and
regional actions on progress towards collection, treatment, reuse and disposal of wastewater.

The following two aspects of the developed approach merit further comments:

(1) At this stage, the considered indicators focus on piped sewer networks; the extension of
this approach will be to consider additional wastewater management indicators including
those applied to all improved sanitation facility options (such as on-site individual
sanitation systems in rural areas).

Table 8 Results of EWM (%) for 2014 calculated by using the weighted average operator

Water Authority

BML North Lebanon South Lebanon Bekaa

33.4 31.3 26.1 29.9
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(2) Expand the number of experts involved into the elicitation of the weights process to
include specialists in various wastewater related fields, such as environment, agriculture
and energy in order to ensure that as many possible as different perspectives will be taken
into consideration.

These two aspects are still under development at our university to promote access to
sustainable sanitation facilities in developing countries.
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