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ABSTRACT

The paper proposes an empirical methodology foerstdnding the nature and behavior
of Sustainable Development as a vague and multitBioeal concept by a case study of
participatory and demand determined Rural Drinkiveger Supply systems in India. It
combines for the first time, two of the most infhti@l models — ‘Supervaluationism’ and
‘Degree Theory- on the measurement of ‘Vaguendss'timely public intervention in
reversing the process of Un-sustainability. Analysiearly brings out the role of
institutional, financial and environmental factdinsit should be part of Public Policy, for
ensuring sustainability of potable water supply.
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Introduction

Provision of drinking water to the entire rural pdgtion in India is facing a serious
challenge due to the inability of existing schemastain its supply. This phenomenon
known as ‘falling back’ of covered habitations/adles with drinking water to uncovered
ones has been observed for the last two detades a result, a major part of
investment in rural water supply becomes sunk ituneaon a continuing basis. No
serious attempt has been made so far to assessatjr@tude of this social loss. This is
the first objective of the paper. The other majonaern of sector specialists and policy
makers is the lack of any theoretical frameworlatalyse the ‘falling back’ occurrence
and its empirical evaluation for policy decisidnhe second objective is, therefore, to
develop an analytical framework and evolve an eicgdirmethodology for policy
formulation. It may be emphasized that all objexdi are exploratory in nature in the
theory and measurement of sustainable developmentuial water supply as is

demonstrated in the present paper.

According to the definition of sustainability byethBrundtland Commission
Report (1987) and by Solow (1993, 2000), the esseaifcsustainable development is
steady flow of resources from an asset without radyction from one generation to the
other. Obviously, re-emergence of habitations/gé& as uncovered in water supply
violates the condition of sustainability, the stedibw of resources even during its

! Habitation/village is the smallest unit of humattiement used for defining drinking water availapin
rural India. A habitation/village is covered, aadiog to government of India norm, with potable wate
401Ipcd (liter per capita per day) is provided withiniatdnce of 1.6 Km in the plains and 100 meter in
hilly regions.

2 For such concerns in the water sector, see Biamag otojada (ed.) (2006).



lifetime of schemes. Viewed from this angle, on@ eamalyze the falling back event
within the framework of sustainable development.

In this context, it may be noted that the concdustainable development has been in
the rhetoric for nearly a quarter of a century with much empirical content. It is
virtually an ‘empty box’ empirically except in sectspecific analysis of Fisheries and
Forestry Water resource professionals even consider th#sustainability) "usefulness,
irrespective of its conceptual attraction and wtead acceptance, can only be marginal,
unless it can be used operationally and effectiirelyne real world® In this context two
aspects of measurement of sustainability are digodar interest to policy makers, sector
specialists and development professionals. Toeb®sspecialists and planners, such an
attempt provides the framework for 'the developmaoicess which could be planned
and implemented in such a way that it could becatherently sustainabfe'The second
equally important aspect of such an empirical egercs to identify the parameters that
should be monitored and evaluated continuouslyhabtimely intervention reverses the
transition of systems to non-sustainability. Suoheaercise provides a basis for timely
public and institutional intervention to reverse fhrocess of ‘falling back’.

Obviously, one faces several hurdles to make tmeeqat of sustainability in the water
sector operational. Among them, three issues atepiarly important. First is to choose
an appropriate definition from among the severastayg ones. A cursory look at the
existing definitions indicate that it is complexdamulti-dimensional in nature and spread
over diverse disciplines such as Hydro-geology, liPubhealth engineering,
Environmental science, Sociology, Economics and adamernt This leads us to the
second issue, i.e., the identification of the ndiiensional nature of sustainability and
its measurement. Having identified the empiricalaswges of attributes that contribute
negatively or positively to sustainability, thetlassue (third) is the choice of quantitative
tool for discriminating the systems as sustainalle/sustainable one. Since the concept
is ‘vague’, as convincingly argued by Solow (2000)e tool should be capable of

3 Biswas (2006): p.76.

* Tortajada (2006): p.15.

® See Bredtland (1987), Worldbank (2000), Solow (Qhd Asian Development Bank (2006), among
others.



modeling ‘vaguenes$’ Recent advances in the modeling of ‘vaguenessitify three
methods: (i) Epistemic method; (ii) Supervaluatisnj and (iii) Degree theofy
According to Qizilbash (2001, 2006), Epistemic vi¢gngats the dimension within the
classical logic (true or false) but not in betwddagree of truth/falsehood). Therefore it
has very little relevance for the present analyBiee remaining two - Supervaluationism
and Degree theory - are both equally competent tmlainvagueness. There is no
superiority of one over the other since both ofrileave advantages and disadvantages.
Since Degree theory and Supervaluationism havehrbogderlines, our approach for the
present study is decided after choosing the adbokssgimensions in the specification of

sustainability.

The outline of the paper is as follows. Sectione2ld with the quantification of
the ‘falling back’ of drinking water and the moneglue of social loss across states and
union territories. Next section, lll, summarizes thasic framework used for the analysis.
Section IV provides the operational version of thesic frame work including the
specification of multidimensional sustainabilitydamodels of vagueness in demand-
driven rural water supply. The fifth section regothe results based on the operational
model and the Socio economic determinants of swsdity. Finally, the last section
concludes with implication on public policy.

Il
Estimation of falling back of coverage and sociablss

In order to estimate the social loss, one needstigmitude of ‘falling back’ in coverage
and the cost of providing it. On the coverage thaeetwo sources of information; one
published by the Department of Drinking Water Sygi@DWS), Government of India;
and the other by National Sample Survey OrganinafidSSO). Data published in the
web page of DDWS do not have uniformity in colleatiand its reliability is unknown.
Moreover it is based on potential supply from cayacreated and, hence, does not

reflect actual coverage. In the case of Nationahi@a Survey Organization, information

® See Hopwood et. al. (2005) for a survey on varitefnitions on Sustainability
" Qizilbash (2001, 2006)



obtained is based on a scientific methodology andlemented uniformly across all
states by an independent organization. Moreovier liased on the actual consumption
Therefore we have opted for NSSO surveys in 1998 2002 for the coverage

estimation.

Figure 1. Change in Coverage of Rural Water Suppl$tates, 2002 and 1993
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The percentage of population covered with potaldéewshows a declining trend during
the period, 1993-2002, for 12 states and 1 uniotitdey as indicated by Figure 1. The
magnitude of this reverse process — popularly knawfifalling back” - is the highest in
Nagaland followed by Sikkim, Mizoram, Pondichermnydathe least in Punjab. It should
be noted that this lower coverage during the pesddking place at a time when there is
investment to the tune of millions of rupees in gitate and central Government. This
has to be converted to value terms in order tosagbe social loss.

To assess the social cost of falling back, esanshtaffected population and the cost of
per capita coverage are required. Preliminary ingasons show that such data are not
readily available. The affected population due adlifg back is estimated from the

percentage of covered population available in 1888 2002 NSSO surveys in the

8 See for further details, Pushpangadan et. al.(1996



following way. The 1993 and 2002 rural populatisrobtained by projecting the Census
figures in 1991 and 2001. Applying the ratio of emage of NSSO to the projected
population figures for the respective years, theeoed populations have been obtained.
The difference between the two covered populatsihmsnys the loss/gain in coverage of
drinking water during the period (Table 1). The aiage coverage of population in Table
1 does not tally with the negative change in cayerfiom NSSO reports of Fig.1. Loss
of coverage is valid in all states except that @s¥\Bengal, Punjab and Tamil Nadu. This
might be due to the difference in the populatiotmeested or could also be that the life of
many systems might have expired during the dec@le. loss estimated need to be
converted to value terms by appropriate per cajuh for each state. This information is
not readily available and hence the per capita obsKerala in 2007 is used for
evaluation. The value of social loss for the stated Union Territories are reported in
Table 1.

Table 1: Social loss from falling back of coverdyestates,
1993 -2002

State's/U.nion Change in pppulat'iow ( InSZOOCci)a7IPLr(i)cS:s,in

Territories Coverage (in 000's) Rs. millions)

Andhra Pradesh 11906
Arunachal Pradesh 111
Assam 2033
Bihar 19196
Goa -23 80.5
Gujarat 3529
Hariyana 1217
Himachal Pradesh -168 586.8
Jammud&Kashmir 1210
Karnataka 2983
Kerala -933 3265.8
Madhya Pradesh 5440
Maharashtra -1437 5029.0
Manipur -147 514.5




Meghalaya 255

Mizoram -71 247.5
Nagaland -1557 5448.0
Orissa 4966

Punjab 1024

Rajasthan 7052

Sikkim -124 432.7
Tamil Nadu 1152

Tripura 1159 556.5
Utter Pradesh 37453

West Bengall 2602

Andaman&Nicobar 61

Chandigarh 117

e 59

Damané&Diu 9

Delhi 740

Lakshadweep 2

Pondicherry -14 50.5
Total 16211.8
Source: NSSO (1993, 2002) and Census (1991, 2001)

If the population in the Table 1 is positive it ihgs an increase in coverage and a
negative sign denotes the decrease (falling b&s&yial loss occurs only where the
coverage declines. This is evaluated for statels detline in coverage. The total loss is
of the order of 16212 Million Indian Rupees (231M0lion Pounds). In order to cover
the population again the cost will be more or lekthe same order and hence the total
social loss would be double (Rs. 32424 Million) tust estimated. Social loss is seen
to be highest in Nagaland followed by Maharashtrd the least in Pondicherry. This
amount is very substantial indeed for a developingntry. An understanding of the

? Strictly speaking the opportunity cost of this italpshould also be added to arrive at the totaiaddoss
of falling back.



factors contributing to the falling back problemrexquired for preventing such social
waste in the future. Such an attempt is taken upemext section.

From the growth literature, this problem belong#h® sustainability of an asset
since the yield is not steady during the life bk tasset. Therefore a theoretical
foundation can be evolved from sustainable devetogniiterature. This is being

attempted in the following sections.

11l
Theoretical Background
In this section, we formulate the basic framewofkoar analysis emerging from the

complex nature of sustainable development andézsurement as a vague predicate.

3.1 Sustainability: definition, nature and concept

There exist several definitions on sustainabilan important landmark in this
direction is the one in Brundtland Commission RegBCR, 1987). According to BCR,
“...Sustainable development is a process of changdich the exploitation of resources,
the direction of investments, the orientation othtglogical development, and
institutional change are all in harmony and enhamth current and future potential to
meet human needs and aspirations”. Several atteanptbeing made to operationalise
this concept across different sectors and econorAistep towards operationalisation of
this concept in water supply is contained in th@iqmt appraisal document of the World
Bank (2000) and the evaluation report of the Asiaavelopment Bank (2006).
According to the Bank documents “Sustainability iiep that the system works through
out its life and beyond, and is able to generateqadte cash flow for future
expansion/renewal.” This definition will be follodewith some modifications in the
present analysisThe next issue is to deal with the imprecise natdirhe concept. This
aspect is best stated by Solow (2000). To quote*him- sustainability is an essentially
vague concept and it would be wrong to think adstbeing precise, or even capable of
being made precise”. The vagueness needs moreraii@mosince the methodology for

empirical analysis depends crucially on it.

19 See Solow (2000); h32



3.1.1 The Vagueness of Sustainability

In the literature, three distinguishing featuresvehacharacterized vagueness
though not mutually exclusive Thefirst one is that they ‘allow’ for borderline cases. In
the present case of drinking water, this meanswhather a system is sustainable or non-
sustainable is difficult to judge. Thegecondcharacteristic is that a sharp boundary
between cases cannot be drawn. This conditions abplicable to water supply sector
since it is incapable to draw a specific clear @enarcating line between cases that are
sustainable and non sustainable. il is that it is susceptible tsoérites paradoX? or
paradox of the heap Obviously this condition is very well applicable the
measurements of sustainability also. In orderamahstrate that sustainability satisfies
sorites paradoxconsider the case of an aquifer where there ®xigfficient quantity of
ground water to be made use of by the communitybfath drinking and irrigation
purposes. The community as well as the farmersirmomisly draws water from the
aquifer over and above its recharge level. Suchimaous extraction ultimately reaches a
stage where the aquifer dries up, wells becomingsustainable. After certain level, the
graduality principle applies and the sustainablestesy becomes non-sustainable.
Therefore it satisfies the third criterion, ‘sositparadox’. Sustainability satisfies all the
three features of vague predicate. It may alsadied that all the three conditions are
related but not independent. Now we are in a posito depict the basic framework of

analysis.

3.2. The Basic Theoretical Framework
Having been identified the concept as a vagueiqaty] the basic framework for the
analysis is summarized in Figure 2.

The first box, 2.1 in Figure 2 contains set ofvaditer supply systems in the region
and the last box, 2.4, provides the subset of madike systems after eliminating the non-

1 Qizilbash (2001, 2006)

12 Greek paradoxes were usually formulated in terhasequence of questions. “Does one grain of wheat
make a heap? Do two grains of wheat make a heapgRrB® grains of wheat make a heap...Do ten
thousand grain of wheat make a heap? It is to densiood that the grains are properly piled up,thata
heap must contain reasonably many grains, If ongtdtiat one grain does not constitute a heap aaad
unwilling to make a fuss without the addition ofyasingle grain, you are eventually forced to adiméit

ten thousand grains do not make a heap.” Williantpmted in Martinetti (2006b).



sustainable systems using the methods broadlynedtlin boxes 2.2 and 2.3 Let us
elaborate these boxes. Box 2.2 provides the contyplexd the broad areas to which
multidimensional nature of the concept belongs.ediew of literature, particularly of
World Bank (2000) and Asian Development Bank (20@6@)cates the broad admissible
dimensions in the complex nature of sustainabiitypotable water supply. Box (2.2)
points out the broad dimensions for any specificatf the concept. Such specifications
should include attributes from: (1) Source; (2) Areaogy; (3) Quality; (4) Institution;
(5) Finance; and (6) Human Behaviour. The broadedsions of sustainability are
discussed below.

Source: Source refers to a natural water souragface or sub-surface - from
which water is extracted, treated and distributethe needy community. It may be noted
a perennial water source is a prerequisite forasubility of a system.

Technology: By technology we mean the devicesd useextract water from
source, process and deliver to the udRight selection of technology is important in the
sustainability of the system. It may be noted tistimpact on sustainability can be
measured only its interaction with other factorshsas water source, quality etc.

Quality: The next broad parameter that affectspgbible supply of water is its
quality. The relevance of quality to sustainabiligpends on two aspects. Water
extracted from the source should be amenable éatrtrent to attain potable standards
before delivery. The second one is that even ifghality is good on delivery point the
users should also perceive that quality is goothoth dimensions are not met then the

system is non sustainable.

10



Figure 2
Basic Theoretical Framework for Sustainability Analysis

Box 2.2
Box 2.1 Factors of Sustainability Box 2.3 Box 2.4
All Water Source Models of vagueness Sustainable
Supply P Technology »| — Epistemic Approach Systems
Systems Quality — Supervaluationism —p

:;jstltutlons —  Degree Theot

inance
Human Behavior




Institution: According to North (1990), “Institutis are rules of the game in a
society or, more formally, are the humanly devismmhstraints that shape human
interaction”. He further elaborates that Institnsocan reduce uncertainty by making
available a well-knit structure to every day life. the present context formulation of
rules and regulation for the transparent and eificifunctioning of the systems that
ensures sustainability. This would mean identifaratof rules and regulations for the
efficient operation, maintenance and managemewatgr supply systems.

Finance: Sustainability in terms of finance impligmt the system generates
adequate cash flow for future expansion or renelvalich adequate cash flow cannot be
generated the system cannot sustain.

Human Behaviour: The last pre requisite for sustaiity is appropriate Human
behaviour. This constitutes personal, domesticearwironmental hygiene and awareness,
among others.

The next task is to identify the quantitative téml measuring sustainability as a
‘vague predicate’. This requires methods that mogejueness’. As indicated in Box 2.3
in Fig.2, ‘vagueness’ can be modeled in three wdi)s:epistemic approach; (ii)
supervaluationism; and (i) degree thédryThe epistemic method treats, vagueness in
the classical tradition, only true or false. ‘Vagass’ arises because of the ignorance
about the border lines. The chief weakness of emist approach is “that they assume
that it is lack of knowledge which gives rise toguaness”. The method, does not
address two of the three characteristics of a vagueept mentioned above and hence
not considered for the present analysis.

Unlike epistemic view, supervaluationism and degtieeory explicitly model
‘vagueness'’. Yet, there are sharp differences & tthio methods in identifying non
sustainable systems. In supervaluationism all dgioeis have to be classified into ‘core’
and ‘non core’ and a range of critical values facte dimension. It may be noted that a
dimension becomes core only if it appears in almiadible specifications of
sustainability. Systems that fall at or below tbheést critical level in each dimension is

definitely non sustainable. In the case of corghaitte, it is ‘core non-sustainabléore-

13 see Qizilbash (2001, 2006); Martinetti (2006a)
14 Qizilbash (2001, 2006)



ns) Similarly systems that fall above the highestical level in all dimensions are
sustainable. Systems that are neither core-ns ustaisable belong to the ‘margins of
sustainability’. Hereafter such systems are growgsenharginal systems.

Degree theory drops classical logic, and assume® ri@an two truth-values,
which comes in degrees. There are many forms ofedetheory. The one, which is
applied in economics, is the Fuzzy set approach dhantifies the degree of truth in
borderline cases. More specifically it measuresdidgree of truth on the [0, 1] interval
with 0 measuring falsehood and 1 indicating truth.

The framework for measurement of vagueness in thesept analysis is

conditional upon the operational version of thenfeavork, which is taken up next.

\Y,
The Operational Version of Basic Framework

The major concern in this section is the methodplof data collection and the
measurement of attributes/dimensions in the spatifin. It also contains empirical
model of the basic framework, which combines sugleiationism and degree theory.
4.1 Data and methodology

Two most common rural water supply systems in Keeak (i) publicly owned
systems and (ii) collectively owned demand drivgstems. Unlike publicly owned
systems, demand based systems has complete rtinippf users at all levels of
decision making including operation and maintenaacée collection of revenue. As a
result, the system satisfies all dimensions ofasnability as envisaged in the basic frame
work in Fig.2. Therefore the selection of sampkesestricted to demand based systems
alone.
4.1.1. Sample:

Demand-driven systems, a recent phenomenon in tdte, sstarted in 1999
assisted by World bank in the provision of Rurahking water on an experimental basis.
Initially 4 districts™ (Trichur, Palakkad, Malappuram and Kozhikode) wsetected in

the state for implementing the projéct

15 District is the third tier of administrative urit India.
16 see www.jalanidhi.com for details.



Samples were selected from all the four experialedistricts. Selection of
samples involved two stages. In the first stagstesys were selected at random from the
total systems in the district. The second stagesarhpling was the selection of
beneficiary households from the list maintainedthy beneficiary committéé of each
system. The number of households per system vaoes 20 to 75. Sample size was
limited to 10% of beneficiary households with a miom of 3 from each system and
selected at random using circular systematic agprdd may be noted that there is only
one Beneficiary Group (BG) for every system in shenple except one mega system in
Malappuram. Since the system is intended to serviarge area and number of
households several BGs have been formed for admmimg distribution of water
equitably and for collection of revenue. Accordinglhe mega system has 69 BGs with
an apex body for inter BG co-ordination. The detaflthe samples are given in Table 2.

Table 2. Sample Systems and Households by District
District No of systems No of Households
Trichur 143 867
Palakkad 250 1045
Malappuram 179 1175
Kozhikode 217 1031
Total 789 4118

Source: Kerala Rural Water Supply and Sanitatioansy

A combination of the following approaches was uded the collection of data.
Participatory Rural Appraisal Techniques were useddentify various dimensions of
sustainability and its measurement. Such informatiwas then incorporated into
structured questionnaire, pre tested and modifiidese questionnaires were then
administered at the system level as well as ahtusehold level. The data so collected
were verified or supplemented using ‘Transit Walkthbds’. Secondary sources of data

if available were also used for the analysis wheregquired.

" Beneficiary committee is the democratically eldatepresentatives from the beneficiaries to adrainis
maintain and operate the water supply system.
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4.2 Measurement of Attributes

Here the task is to define the specific attribdtesn the broad dimensions in Box 4.2,

Figure 4. The measurable dimensions are given 488, Figure 4. It may be noted that

eight attributes were selected that influence suebaity on a priori grounds. These were

then sharpened empirically as discussed below.

(i)

(ii)

Source adequacy (S&T): Source adequacy is tasean attribute of Source
and Technology together. The range of critical galof source adequacy in
sustainability is as follows. The upper limit isegdiate supply throughout the
year. If the source is not able to provide watealtaonnections for at least 5
or more days in a year, then it is the lower liofithe attribute. The attribute
takes the following values:
Source adequacy (SA) = 1, if inadequate supply
= 0, Otherwise.

Quality (Q): It is postulated that if the qutgl of water is not of potable
standards, the users may not participate in thieaole management of the
systems even if supply is assured. The same idftthe perceived quality is
also poor. In both cases, the systems would ngubtinable in the long run.
In our survey only perceived quality is measuratteilaboratory tests are
seldom conducted. In other words, the upper limmthat quality is perceived
to be good by all householdfs. Therefore, the lower limit of the attribute is
the existence of quality problem if 10 % househofusrceive quality
problems.

Quality = 1 if at least 10 % of the householdscpere poor quality

= 0 otherwise

(ii) Institutions: One interaction measure and etrindependent measures were
considered for measurement. They are (1) Recordikg@dRK), (2) Social audit (SA),
(3) General body meeting in a year (GB), and (4tibutional equity (DE). Of these,

18 Demand driven systems taken for analysis are coatipely small and tiny in size. Hence it may net b
possible for each system to carryout regular laiboyacheck. An alternative to is the observations a
opinion of the beneficiaries using water from exgece, like cloth get reddish colour on washindings,
bad smell etc.



distributional equity is the interaction of the ogions of the system with the technology.
Theses attributes were sharpened in the followiag. w
Institutional rule of the system stipulates that R&s five key records. It involves:
(i) maintenance of log book in pumping stationg;riinutes book to record the activities
and important decisions in the general body andneittee meetings; (iii) membership
register showing the members and their detailg;réeeipt book to record transactions;
and (v) accounts register showing the inflow antflow of transactions. If all the above
five records are not maintained or maintained haitup to date, then RK is poor and
assigned the value 1, otherwise 0. Obviously tmglies the possibility of non
sustainability of the system. It is a prerequiditat the General body (GB) of the
beneficiaries should meet at least once in a y@8Br.is assigned value 1 if no general
body meeting has been convened in year; otherwiseSOcial audit implies annual
verification of all the records held by the systeynthe elected members from among the
beneficiaries themselves. Their report is placefrieethe general body for discussion
and approval. If there is no social audit, SA isigrsed 1; otherwise 0. Distributional
equity (DE) is measured through household survéyst least ten percent of the
households surveyed in a system report that thest det adequate quantity of water
such systems are assigned ‘1’, otherwise ‘0’. ThagEening of the attributes is:
(1) RK =1, if record keeping is poor,
= 0, otherwise;
(2)GB =1, if no general body meeting have beerveonad in a year,
= 0, otherwise;
(3) SA =1, if there is no social audit,
= 0, otherwise;
(4) DE =1 f at least ten percent ofibeholds do not get adequate water
= 0, otherwise
(iv) Finance: Full cost recovery is required fostunability, which may not be
politically feasible considering the merit good urat of the commodity - rural water
supply - in developing countries. Therefore theitehpequired for replenishment and
renewal of the system for the next generation ssi@&d to be a social responsibility of

Government. Schemes under analysis; it is onlyireduo collect the cost of operation



and maintenance, hence there is no range of ¢niadaes but there is only one value for
cost recovery (CR). Accordingly
CR = 1 if the revenue is inadequate to meet theabipe and maintenance cost,
= 0 otherwise.
(v) Human behaviour: Influence of human behaviour sustainability depends on
personal, household and environmental hygiene. r8ewidicators are required for
capturing this dimension. However a common indicamhich captures the three
components is the practice of open defecation (MDylso has impact on quality of
water owing to source pollution and perceived raataf quality. This dimension is
sharpened according to the following way. If, thex¢he prevalence of open defecation
in at least one of the beneficiary households sveThen,
OD = 1, if open defecation is prevalent in at lease household
surveyed,
= 0, otherwise.
Having sharpened all the attributes of sustaingbiet us examine the appropriate model
for measuring vagueness.
4.3. Methods of Modeling Vagueness
As mentioned earlier the present analysis confioesodels of supervaluationism
and Degree theory. Even though Supervaluationisthdagree theory have both merits
and demerits in modeling vagueness, the formemba®een much used in Economics,
while the latter had limited applicatith One plausible reason for not using
supervaluationism is the need for prior knowledgevarious dimensions; to be classified
as ‘core’ and ‘non-core’. Hence a universal appiica of the methodology is not
possible. In this case, degree theory has an aayansince it does not require a
distinction between ‘core’ and ‘non core’ among #Hitibutes. A combined use of the
methods is not yet applied in the development canta the present analysis both the
methods are used for the following reasons. Supetianism identifies schemes at the
margin of sustainability but do not provide suféiet information for a policy
intervention for arresting the transition processvdrds non sustainability. Policy

intervention requires an understanding of the degrke sustainability and its relative

9 Quizilbash (2001)



dimensions. This is only possible by the use ofjfde theory’ and hence we use it for
identifying such systems. Such a methodology isvgortant tool for policy makers, to
detect and reverse the transition of systems tawah sustainability. Now, let us
examine the details of the combined methodologys@bervaluationism and degree
theory.
4.3.1 Supervaluationism

Supervaluationism as mentioned earlier requiresctassification of attributes
into core and non core categories. This dual ieggon of dimensions is illustrated
clearly in the case of multi-dimensional povertydoe it is applied to sustainability. A
dimension is defined to be core if it is includedall admissible specifications of poverty.
By this definition nutrition is a core dimensionitout which multi dimensional poverty
cannot be specified. If a person is at or belowdtigcal level of nutrition, then such a
person is ‘core poor’ even if he/she is non-pdar other dimensions in the specification
say, education, housing, etc. In this context, ammg dimension (the nutrition level) is
needed for classifying a person as poor or non.pdwo task for the present analysis is to
see whether there are any core dimensions in teeifgjation of sustainability of
drinking water system. Of the eight measured aiteb, two of them (water source and
its quality) are core attributes. If the sourceinadequate then the system is non-
sustainable irrespective of the nature of sustdibabf the remaining seven dimensions
in the specification. The second core is the guali water. If quality of water is not of
potable standards, then the system is core noaisabte irrespective of the
sustainability of the remaining six attributes. Jlgiearly brings out the point that, if a
system is core non-sustainable, then one does oy \&bout the remaining attributes.
The core attributes and its role in the analysisustainability of drinking water are given
in Box 4.4 in Fig.4.

Two ‘core’ attributes source of water (S&T) and @wiality (Q), as is evident
from Box 4.4 in Figure 4 exist in water supply. Ndhe question is whether they
function simultaneously or in sequence. Only if soeirce sustains on a perennial basis

the next attribute, quality arises. Therefore seuras to be analyzed first followed by

2 Consider the case of three dimension poverty fritian, education and housing. A person is cor@#po
(nutrition), even if he/she is literate and owrtdaeelling place. See Qizilbash (2006: pp. 20-22)details



guality in a sequential way as both are importanttfie existence of the system. Since
the method needs to be applied in sequence, wé eall'sequential supervaluationism’
(SS). To be more specific the SS methodology tesstated because quality of water of
potable standards arises only if source has adequetntity to be distributed among the
beneficiaries.

Supervaluationism classifies systems into threegoates on the basis of the
range of critical values of all the dimensions e specification. They are (i) core non
sustainable systerfis(ii) sustainable systems and (i) marginal systesystems falling
on the margins of sustainability). Sustainable esyst are those systems at or above the
upper limit of all eight admissible dimensions. ®ystems that are at or below the lower
limit of critical values of core dimensions belotagthe ‘core non sustainable’ group. The
residual systems are margins of sustainability,ctvhire call as marginal systeffisin
other words they are neither core non-sustainaiieumstainable. It may be noted that the
marginal systems gradually fall either to sustai@ajroup or to core non sustainable.
From the policy perspective our interest is mokgatials systems that fall at or below the
lower limit on non core attributes so that immeedigblicy intervention can reverse the
process. Now the challenging task is how to idgritie marginal systems that require
immediate policy intervention for reversing the ggss. One way of identification of the
group is the use offuzzy inference systamdegree theory.

4.3. 2. Fuzzy Inference System.

There are three methods in fuzzy inference sysiteindan be used for the present
analysis. They are (i) Totally fuzzy and absoluggpraach of Cerioli and Zani; (ii)
Totally fuzzy and relative approach by Chelli anénmimi; and (iii) the approach
suggested by Vero and WerqgdihAmong them Vero-Werquin (VW) approach is the
only method that avoids “....excessive importancedeissigned to correlated indicators
and redundant variables

In the estimation of VW model, two stages are imedl In the first stage an

indicator ‘f’ (frequency) is calculated. In the second stageyastep estimation is used

2L super true according to Fine See Qizilbash (22006).
2 5ee Qizilbash (2001, 2006) for more details.

% See for details Deutsch and Silber (2006) p.156.

% See Vero (2006) p.218.



involving the transformation of /'fto the membership function (the details of whish
given later in eq.(1) and eq.(2). The membershipction provides an estimate of the
degree of sustainability among the marginal systddefore we undertake a detailed
analysis of such an estimation technique the metlogg is illustrated in the case of
three attributes and six systems.

Let ‘K’ (=3) be the number of attributes and ‘n’g=be the number of systems
and ‘f’ (i=1,2,...6) proportion of systems that are at teas sustainable as system ‘I’
considering all the indicators and systems. Theetlattributes are Record keeping (RK),
Distributional equity (DE) and cost recovery (CR)may be noted that a value of 1 for
an attribute denotes that the value is at or bel@vower limit of that attribute and ‘0’
otherwise. For example if RK=1then the system fofia very poor record keeping that
eventually leads to a non sustainable situatioRKE O Record keeping is perfect, there
is every chance that the system will be sustainablthat dimension. Coming to the
second dimension i.e. DE =1, if inequity existsha distribution and 0 for perfect equity.
CR =1 if revenue is insufficient for meeting O&Mpenditures, other wise 0. Obviously

1 indicates non sustainabe and 0 sustainable irdim&nsion.

lllustration of the Computation of;*fand Membership
Function
Systems RK DE CR it | mgi)
1 0 1 0 4/6 0.23
2 1 1 1 1/6 1
3 0 1 0 4/6 0.23
4 0 0 0 6/6 0
5 0 1 1 2/6 0.61
6 1 0 1 2/6 0.61

Consider cases of extreme systems first. Systewh@re values of all attributes
are 1, shows that they are at or below the loweit lof all attributes. Since this is on the
bottom line no other system can be classified tbddew; though there can have systems
at par. This would mean that this is a system envtbrst position, hence cannot have any
one else below this. As there is no other membehensystem at par or below that of
system 2 since it is deprived in all dimensions (R, and CR) and has the highest

chance of becoming a non sustainable one. Henceptbportion of systems as



sustainable as f2 is 1/6, implying a very high ad®anof transition to non sustainability.
Consider again the case of system 4, the otheeragtiof system 2. Here since the values
of all attributes considered are satisfied and#ier systems are either at par or below
system 4 the relative frequency is 6/6, the lowekance of transition to non
sustainability. There are cases intermediary totwteextremes cited. Consider the case
of system 1. This system is sustainable on twiefattributes (RK and CR) but does not
so in DE. In order to compute ‘f1’, one has to ades number of systems that are, at
most, in the same position as system 1 accordiradl tine indicators. This implies that
systems that are found to be non sustainable @ attributes along with DE will also
be considered, while computing ‘f1’. Systems at grar first counted. That is to say, one
has to count number of systems with same elemantkel vector. There is one more
system with same value i.e. system3. Now onedé&xok for cases of lower dimensions
in the first and third elements and their combimagi There are two cases (0,1,1) and
(1,1,1,) i.e. system 2 and system 5. Thus therel agstems that are at par or below of
system 1, accordingly ‘f1’ is 4/6. Similarly fi cde calculated for all the remaining three
systems.

Having obtained the frequencies),(fwe use a two step procedure for the
computation of membership function. The first levelembership function for

sustainability is measured using the formula giveaquation (1) below.

mo(i)= —m2r ) (1)
S In( 1/ fi)
f0< fi <1

There is always at least one system that haslgxthetsame level of sustainability as
system ‘I’, i.e. system ‘I’ itself. Therefore, “tan never take value ‘0. It should also be
noted that a higher value of ‘fi’ is given a loweeight and vice versa in the membership

function. The second level measure is estimatadejuation (2).



. Mmg(i) = Min[mg(i)]
Us(1) = Max(mo ()] = Min[m. )]~ (2)

In Egn (2),us(i) is defined as the ratio of the difference beswene’s own value
of mg(i) and the minimum in the range to the differermdween the minimum and
maximum of ngi). This is made clearer by looking at the membgrwvalue calculated
for our example given above. The range of degréesembership varies from 0 to 1. A
system which has a truth value of 1 is non sudidgnait the other end if a system has
value equal to O is sustainable in all dimensiddgstem 2 in the example is non
sustainable since it has value 1 in the membersimgtion. By definition system 4 gets
‘0’ in the membership function implying that it ssistainable in all dimensions. By this
logic any system nearing O is becoming sustainae. the contrary, systems
approaching 1 is in transition to non sustainaplilfhus systems, 1 and 3, are close to O
and hence satisfying most of the dimensions. Wisesyatems, 5 and 6, are close to
membership value 1 and hence are having a highgneeleof non sustainability. It is
necessary to have a demarcation between the néaraide and sustainable systems.
Average value ofis (i) is taken as the line of sustainability, whist0.44 in our example.
This means that systems with membership value @c&bove are in transition towards
non sustainability of varying degrees. This woulelam that approximately three schemes
whose membership value close to 1 are non sustainBte remaining is sustainable. By
this criteria systems 2, 5 and 6 are non sustaerafd systems 1, 3 and 4 are sustainable.

Now we generalize the above empirical model torgelamumber of systems and
attributes®

% The frequency table is calculated using a comparegram



\Y,

Empirical analysis

In this section empirical application of the sediarsupervaluationism is applied to 789
samples for the classification of the systems icdoe-non sustainable and marginal
systems. The marginal systems were then analyzetthdoestimation of degree of truth
using VW method of fuzzy inference. The marginasteyns are then examined for
establishing the relation between socio-econonmutofa and sustainability.

5.1 Supervaluationism - Results

In the sequential supervaluationism as shown indHfilter 1 and 2 is applied to 789
samples by taking source as the first core. Thelteeare shown in Table 3.

Table 3. Core - Non-Sustainable Systems by RisfiCore : Source)
No of systems
District  "Systainabld ~ Non Total
Sustainablg

Trichur 128 (90) 15 (10) 143 (100)
Palakkad 230 (92) 20 (8) 250 (100)
Malappuram| 168 (93.9) 11 (6.1) 179 (100)
Kozhikode | 184 (84.7) 33 (15.3 217 (100)
Total 710 (90) 79 (10) 789 (100)

Source: Primary survey. Note: numbers in parenshee® percentages

On an average 10% (79) of the systems are coresmstainable in source: the highest in
Kozhikode (15.3%) and the least in Malappuram (8Rgasons for such inter district

variation could be the hydro-geological conditionghe districts, which require further

probing. Now let us examine the core-sustainabitifythe remaining 710 (789-79)

systems taking quality of water as the second cdle results are summarized in

Table 4.



Table 4. Core — Non Sustainable Systems by District
(Core : Quality)
No of systems
District ™Sy stainable Non Total
Sustainable
Trichur 69(54) 59(46) 128(100)
Palakkad 159 (69) 71 (31) 230 (100)
Malappuram| 108 (67.7) 60 (33.3) 168 (100)
Kozhikode 128(69.4) 56(30.6) 184(100)
Total 464(65.35)| 246 (34.65 710 (100)

Source: Primary survey. Note: numbersarepthesis are percentages

Average core non sustainability due to quality &3 (246) of 710 systems
considered. Quality problem is found to be sever€richur district, but more or less the
same among the remaining three districts. Our fiigslibased on the perceptions of the
households are also supported by other scientifedyais undertaken recently by the
scientists of Indian Institute of Science and wajeality monitoring carried out in the
open wells in the state by the Socio Economic Wroundation. Reasons for non
sustainability in quality vary from place to plac@bservations from the field show that
in some of the locations it is because of natwelfit((hydro-geological conditions etc.)
where as it is man made in certain others (Agnicaltand industrial pollution). Reasons
for variations in quality can be assessed onlyughodetailed laboratory check followed

by investigation on the perceptions among the Hualds.

From the supervaluationist analysis it is evidéat almost 41% of the systems in
the state are found to be non sustainable by dtrbutes, source and quality. Further it
varies from 36.4% in Palakkad to 52% in Trichur.nNsustainability of systems ranging
from 1/3° to half due to the two core factors, alone reguiae immediate policy

intervention for correction.
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According to supervaluationist theory the remaindtg systems are either ‘super
sustainable’ or in the ‘margins of sustainabifity’ In order to identify the ‘super
sustainablé”’ systems one needs to have upper limits for ak @ non core factors.
However one of the non core factors, ‘cost recdyeailows only for recovery of
operation and maintenance cost. An upper limit lo$ dimension should include a
recovery component on capital cost of the projeetjntergenerational equity. As major
portion of the capital cost is subsidized by thatestand the tariff system does not
envisage any recovery of capital cost, super tategory cannot be identified. Hence we
assume that the remaining systems belong to thgimsanf sustainability and are treated
as marginal systems.

From the policy point of view this group needs ® frioritized so that public
intervention can reverse the process. Policy ietetion depends crucially on a
methodology, which enables such identification. rAentioned earlier this is possible

through Fuzzy inference system (VW method) in tbgrede theory.

5.2 Fuzzy Inference System - Results

In this analysis our effort is to locate the systamith higher possibility of falling back to
non sustainability. This has to be estimated frowem 453 marginal systems identified
earlief®. As mentioned above systems that are in transitieridentified by applying the
two step membership function outlined above andékalts are given in Table 6.

Table 6 shows that a little more than one thirdhef marginal systems are in
transition to non sustainable status. Percentaggstéms below the line of sustainability
is maximum in Trichur and minimum in Palakkad. Timsuld mean that all together 151
systems require immediate public intervention forrecting the ‘reversing’ process in
the ‘non core’ attributes. This suggests that mupblicy should be reoriented in order to
strengthen the institutions that limit the ‘revaggiprocess. The above findings point to
the need for a restructuring of the present insbital set up of providing rural water

supply system through public provision for susthlealrinking water supply.

% Marginal system=Total system -Core non sustainsyséems by source and quality.

2" Each of the core attributes do have a lower apgufimits within which Super sustainable are syste
whose values attribute all above upper limit ofadtfibutes.

% Though 464 systems are in the marginal categdgy458 have been found suitable for analysis.
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Table 5: Distribution of non sustainable systemslisjricts
Total | Average Marginal Systems
Number | member
District of. ship Nqn Sustainable
marginal| value | sustainable
systems
Trichur 64* 39.3 25 39
Palakkad 153* 29.1 44 109
Malappuram 108 31.2 34 74
Kozhikode 128 37.2 48 80
Total 453 34.2 151 302
Source: Computed from primary survey * excludegesys in public
institutions

Source: Same as Table 4

On an average 34% of the marginal systems haveglehpossibility of falling
back to the non sustainability. The maximum tha¢ &ikely to fall under the
unsustainable category is in Trichur and minimurPatakkad. However this process can
be reversed if suitable public policy interventisnmade specifically targeting to this
group.

Other socio-economic dimensions that may influeswstainability have not been
considered because it is very difficult to hypothesa direct relationship of these
variables to sustainability. This shortcoming isalged by cross tabulating such

variables with sustainable/non-sustainable grougisssissed below.

5.3. Socio-economic Factors and Sustainability

Among the socio-economic factors that affect suostaility, we examine gender
participation, female education and income levélbauseholds. Gender participation is
measured through the presence of females electedeirexecutive committee of the
respective beneficiary group. Although female etinoais examined at all levels, only
primary education shows any systematic relationshith sustainability. The third
important variable considered is the income of kbo#ds. Although several proxies

exist, land possessed by the household is used.€8h#s are reported in Table 7.
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Table 6: Socio-economic factors and Sustainalityistricts
Nature of Total No Gender | Female
) Systems number of | Participation| education
Distrct )
Marginal
Systems
Trichur Sustainable 39 24.4 1.6
Non 25 34.8 4.4
sustainable
Palakkad Sustainable 109 15.5 2.3
Non 44
Sustainable 27.9 6.2
Malappuram| Sustainable 74 14.7 10.8
Non 34
Sustainable 26.4 6.2
Kozhikode | Sustainable 80 7.3 2.7
Non 48
Sustainable 12.8 1.1

Source: Same as Table 5

It is interesting to note that higher the gendertigip@ation higher the degree of
sustainability in all the districts. In the case f@&male education, the degree of
sustainability and education are positively relataty in Trichur and Palakkad but not in
Malappuram and Kozhikode. For income, average pos$essed per household does not
show any systematic relationship and hence notrteqfd However, firm conclusions

require further multi level statistical analysis.

Vi

Summary and Conclusions

Falling back of covered habitations/villages to awver has been observed in rural water
supply for the last two and a half decades. This faareaching consequences both for
the community as well as to the government. Asnmythe community the beneficiaries
of such systems are forced to draw water from naaige sources thereby affecting their
health and livelihood. The second is the loss sbueces to the exchequer and social

loss. However, only the latter has been examindtigstudy. The former could not be

2 However the income proxy is found to have a pasitelationship with sustainability in the case of
coastal and non coastal regions. See Pushpangadaiuaiugan, (2007) for details.
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addressed due to unavailability of data. The esécthéoss for the period 1993 - 2002 is
estimated to be 32422 Million Indian Rupee. Thsotgce waste can be avoided if it is
analyzed in the framework of Sustainable Develogm&ustainable development
literature shows that it is a concept in multidisi@enal and vague in nature. This is
operationalised using the multidimensional speaifan implied in World Bank

documents and supervaluationism and degree theodgls of measuring vagueness for

a sample of 789 demand driven participatory rui@ewsupply systems in rural Kerala.

For the application of ‘supervaluationism’, ‘cor&ttributes have to be identified. They
are adequacy of water supply (source) and percejuatity of water. Since source is of
first priority of any sustainable system, it iseakup first. If the system is sustainable in
source then quality attribute becomes the secorgl foo measurement of sustainability.
Therefore the analysis becomes ‘sequential supetrahism’ in nature. The first core
analysis shows that about 10% of 789 systems amesustainable in source, highest in
Kozhikode and the least in Malappuram. The remgisustainable systems in core 1, is
further analysed for core 2 i.e. quality. The resghow that 35% of 710 systems are
found to be core non sustainable in quality, thghést in Palakkad and the lowest in
Kozhikode. Sequantial supervaluationism suggesitisabout 41% of the systems are non
sustainable in core attributes (source and qualityaries from 36.4% in Palakkad to
52% in Trichur. According to supervaluationist dhe the remaining 464 systems are
either super sustainable or in the margins of sadity. However lack of information
limits the estimation of super sustainable systddence all the 464 systems are treated
as systems belonging to margins of sustainabibtypolicy prescriptions. But for the
estimation data limitations restrict the numbe453.

For policy purposes one needs to identify systamthé marginal group for immediate
intervention. This group for immediate policy intention is obtained by applying fuzzy
inference system (VW method) in degree theory. fFurzerence analysis shows that 151
schemes are in transition towards non-sustaingbiihis is highest in Trichur and lowest
in Palakkad.

A preliminary investigation of relating other so@oonomic variables to sustainability
indirectly indicates that gender has an importaig¢ m the sustainability of systems and

female education a partial role. Income of thedetwlds does not show any systematic
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relation ship to sustainability, which may be daehe survival nature of the commodity
for life.

The study clearly shows the immediate intervenidrpolicy makers by introducing
institutional innovations and appropriate govermasicucture.

* Paper presented in the Development Economics i&amseries organized by the School
of Social Sciences, University of Manchester, UK, T2" February 2008. Authors
express their sincere thanks to Kunal Sen for rikéation, and T.G. Arun and Katsushi
Imai for organizing the seminar. We owe our deepebtedness to V.N.
Balasubramaniam, Lancaster Business School, Larchistiversity for enabling us to
present the paper. The services of Soni Paul dseatdlknowledged for computational
assistance. Of course the usual disclaimer applies.
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Figure 4 Operational version of Basic Framework
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