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ABSTRACT

The present study thus focuses on water managestraégy carried out in the Indian city of Bhopaiose,
surging topography is spotted with a big quantityange number lentic water bodies. Presently, dite is at risk, and
requires urgent implementation of an integratechnrivater management system. To understand thengxgtenario of
the water management system carried out by bothrgawent and other responsible bodies, quantitatinadysis has been
sought based on survey mode of data collectionechaut on 5000 residents residing in the KolardRaad Old Bhopal of

the capital city.

The role of various stakeholders in water managérre®hopal is satisfactory in certain areas butcdhte
improvement in needed- such as, lack of awarenassm@ residents in prevention of water wastage, Gfciitiatives

adapted by NGOs and civil agencies to educategidents in managing water and thereby preventingastage.

There is need to strengthen its technological iatiom. Also, private partnerships should be enagenia along
with more stringent government laws. Private watgupliers need to act more responsibly while disting water. More
effective participation of the NGOs in educating thasses of water management practices therebjpgdengthe present

loopholes is recommended.

KEYWORDS: Sustainable Development, Water Management, Statetsyl Sustainable Water Management, Civil

Agencies, Government, Ngos

INTRODUCTION
BACKGROUND OF THE RESEARCH

Conceptualization of Sustainable Water Management

“Sustainable water management includes the pramfeabocation of water between water sector demanmiaise
balancing the financial and social resources regqufor the maintenance of various water systems¢Biet al. 2014).
Water has always been a necessity for the existefide on earth and it will continue to be. Hovesyover the time due
to scarcity of this resource, its significance hseased. It has gained momentum giving rise ¢oeffects of competing
demands between different uses and users. Thigdsadted in states proceeding in the direction ddpaing water

resource legislations to address the issues amgingf water scarcity and deteriorating quality@fter resources.

The management of water demand basically includées élements of introducing technical efficiencywéter
use and efficient allocation of water among commesectors. These strategies complemented witlhuaibther water

management measures and program is thus iderdifieth area that requires further improvement (Deiegski 2003).
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Stakeholders in Sustainable Water Management

Bhopal with itsincreasing population base of mdwnt2 million has adequate water sources, owirgutficient
amount of annual rainfall, thereby supplying potabvhter to its inhabitants. “Supplying potable watethe whole city is
a never ending scuffle seeing that the populaddetity is on a steady rise, however the resoureasing water quality
of potable sources are fast dwindling”(Jotwani let2814). As a result, the sustainability of Bhopdy is at risk, and
requires urgent implementation of an integratedtasigstic urban water management system. Jotwaaii ef2014) further
argued that the water supply in Bhopal, just likeeo Indian cities, is faced with ever increasimgnands and dwindling
availability, and therefore, it is required to keefine balance in demand and supply through iategrapproach of urban
water management. The need of the hours is infegratnong various stakeholders in sustainable wataragement in
Bhopal which are Bhopal Municipal Corporation (BM@ublic Health Engineering Department (PHE), Toamd
Country Planning Organisation (TCPO), Private W&appliers and Civil Societies such as various Bavernmental

Organisations operating within Bhopal.

AIM AND OBJECTIVES OF THE STUDY
e To explore the system of sustainable water managerme Bhopal, and role of various stakeholders in

maintaining and sustaining the same.
e To study of the proportion of responsibilities sithand carried out by various stakeholders.

METHODOLOGY

The research design strategy enables to identifg dallection means and procedure, and the dathysisa
techniques which are to be applied in the resedrol.research method is classified as descrip8eeifders et al. 2009),
as description of the views of the residents ragidin Kolar Road and Old Bhopal has been carrigdinuerms of their
demographic profile and general background. Morgosgplanatory method has also been applied threxgtanation

and accounting of the descriptive information (G2&3) collected from the residents.

The research comprised of quantitative analysit) wideductive approach through which a survey otkethas
adopted by the researcher to collect the respoadesinistered through close ended questionnaire.stihvey consisted of
probability sampling, as each respondent was appeshthrough simple random sampling method. Thetipreaire was
administered to nearly 8000 residents out of whd@@05(i.e. 63%) responded. The statistical data avedysed using
SPSS 21.0, whose validity has been pilot testetiO@ninitial residents. The reliability of the da¢sted through Cronbach’
Alpha projects a higher value of 0.876. The stugighiermore comply with the ethical issues by jysti the research
objectives formulated, maintaining confidentialitf the residents and transparency of the studyutjirochecking

plagiarism level.
The research analysis and its findings were basatefollowing questions:
* Whatis Government’'s (BMC, PHE and TCPO) impadiustainable water management system?
* What is the impact of private water suppliers istainable urban water management?

* What is the impact of civil societies in sustaiabiban water management?
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FINDINGS

RQ1: What is the Government’s Impact in SustainabléeNater Management System?

Quantitative data collected from the responsesefrésidents of Bhopal were analysed using stistdol of
correlation and regression through SPSS 21.0, wihereole of these authorities (BMC/Kolar Road Muipality, PHE
and TCP®) were taken as dependent variable against theusainitiatived as the independent ones. The correlation
analysis projected a strong positive correlatiotwben the role played by these authorities in @gagryut the various
responsibilities towards water supply and its managnt. Though some of the initiatives such as,liaglof the water
problem in affected areas by the PHE, removal afnogdefecation and manual scavenging by the TCRID|imgers
heavily in the city. Besides, analysis also progattineffective and inadequate water supply andagement carried out
by the Municipality of Kolar Road, where most oéttesidents are slum dwellers and resort to tubks wed bore wells

for their daily supply of water.

The regression analysis furthermore justifies #mults of correlation testing by projecting theueabf adjusted

R2 at.907, asserting that the role of these agereeinfluenced by 90.7% variance in the initiasivevel.
RQ2: What is the Impact of Private Water Suppliersin Sustainable Urban Water Management?

Private water supplietplay a significant role in areas where water syl responsible authorities is scarce. It
is especially observed in slum dwellings of Old Baband Kolar Road where, most of the slum dwelteesinter-state
migrant workers and live in scanty quarters. Theeatation analysis project a significantly positivelue with most of the
variables, barring few such as, development ofstfucture to minimalize water leakage and ensisiags for rain water
harvesting, where negative correlation is reflectéth significance level being 0.00. Regressionlysia justifies the
correlation results, with the value of adjustedibRing.918 and ANOVA being at f= 7979.637; p=.080ggesting that
91.8 variance is detected in the influence exebdarious independent variables over the dependmrable i.e. the

impact of private water suppliers.

From both the analysis it is inferred that privatiyers’ initiatives are significant in carrying towater

management, though efficient handling of the itiiiss are lacking, affecting the sustainabilitytlid management.

! The independent variables of PHE were, full cogeraf both rural and urban population with safenkirig water supply facilities;
coverage of urban and rural population with saioitatip to the limit determined by the GOI, 1981sering as well as maintenance of
sustainability of the systems and sources of wadekling the problem of water quality in affectiedbitations; preservation of quality
of water by institutionalizing water quality monibog and surveillance through a Catchment Area Apgincand; undertaking measures
to educate masses on the importance of sanitatidisastainability of water sources.

2 Independent Variables of TCPO include: operatiod maintenance of three important benchmarks ifieditby the GO+ water
supply, sanitation and solid waste management;ribotibn in eliminating key areas like open defématand manual scavenging;
conducting regular field visits to understand teeelopment taking place and the actual scenaripragdlar maintenance of technical
options of water supply and management like, sinade sewerage, simplified sewerage with decengdlizastewater treatment and
mixed sanitation.

3 Independent variables of BMC/Municipality of Kolar &bwere— ensuring the provision of pure drinkingesavith appropriate
pressure, controlling scarce water resources, adequater supply for domestic use, constructiofrr@fation structures, appropriate
water allocation to each household, constructiomater treatment plant, increased productive efficy related to water usages and
infrastructure development (rainwater harvestimgyention of flood, etc.).

* The independent variables of Private Water Supplee, frequent requirement of its service byrésidents, provision of adequate
water supply to each household, even distributibnvater among all the residents, address of waakdge by the organization,
awareness among the stakeholders of water resmagagement, development of infrastructure or teahsiolution to ensure minimal
leakage of water during distribution and ensuriteps to harvest rain water
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RQ3: What is the Impact of Civil Societies in Sustmable Urban Water Management?

It is where the responsible authorities as welthasprivate water suppliers lack in maintainingaiéit water
supply among all the households and in the sudikEinmanagement of water, that the civil societiesie to save the
situation. Survey data and its quantitative analysbject that the role played by the civil so@stsuch as the NGO5
exerts strong positive correlation values with #féorts carried out by them. It is significant tmte that, these
organizations act significantly in spreading awasmnamong the residents and educating them absumhortance of
water management, it necessity in the long run\arbus individual initiatives which will contribatin efficient water
management. The regression analysis justifies dhelation established between the dependent atependent variable
with significance value being.000, adjusted R2 &8.&nd ANOVA being f= 5341.394. Such values impghatt the

independent variables are exerting a strong inflaem the dependent variable, with 86.5% varianteng them.
DISCUSSIONS AND CONCLUSIONS

From the quantitative analysis carried out with tbgidents of Kolar Road and Old Bhopal area off@iaity, it
is inferred that all the responsible stakeholdewlved in sustainable water management play afi&ignt role through
their individual efforts. The Government authostibave actively participated in waste water manayerstorm water
management and rain water harvesting programs., Alisl societies such as, domestic and internatiddGOs are
indulged in educational campaigns, awareness adididiial level programs. Even though the United ibla (UN-
HABITAT to be precise) and the Asian DevelopmennB&as monetarily assisted agencies to continugeasvhat is
planned, still these enterprises have to go a karg way to set up the technical equipment likeersgtenergy auditing,
water auditing, etc. in every household and thewinmtenance for smooth operation, so as to meabarelémands and
supply of water and the amount of loss as well.id=s there is a need to adopt effective measoresnend the water
scarcity in Kolar road area, providing the resideminimum amenities of a healthy life style, i.smo®th water and its
management. Thus, for effective and sustainablemratinagement in Bhopal, certain key areas neetbirement like
technical innovation, public-private partnershipjageness programs among the masses and more regeagtams by

civil societies to develop proper management prasti
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APPENDICES
TABLES OF STATISTICAL ANALYSIS
Role of BMC/Kolar Road Municipality
Correlation Table
Table 1: Model Summary and ANOVA Values of the Impat of BMC

Role of Bhopal

Variables Municipal
Corporation
Role of Bhopal Municipal ggarson Qorrelatlon 1
Corporation lg. (2-tailed)
N 5000
Ensures the provision of Pearson Correlation 722
pure water (drinking Sig. (2-tailed) 0.000
purposes) with appropriate
flow pressure N 5000
Control the scarce water Pgarson F:orrelation .909
[eSOUICES Sig. (2-tailed) 0.000
N 5000
Ensure adequate water Pgarson F:orrelation 423
supply for domestic use Sig. (2-tailed) .000
N 5000
Construction of irrigation Pgarson F:orrelatlon 8176
Sig. (2-tailed) 0.000

structures in irrigation areas

N 5000
Appropriate water allocation Pearson Correlation 264
to each household in the | Sig. (2-tailed) .000
locale N 5000
Construction of water Pgarson F:orrelation 872
treatment plant Sig. (2-tailed) 0.000

N 5000
Increased productive Pearson Correlation 553
efficiency related to water | Sig. (2-tailed) 0.000
usages (e.g. agriculture,
irrigation) N 5000
Infrastructure development| Pearson Correlation .596
(rainwater harvesting, Sig. (2-tailed) 0.000
prevention of flood, for N 5000

example)
**_Correlation is significant at the 0.01 leveH@iled).

Regression: Model Summary, ANOVA, Coefficients

Model Summary

Correlation . Std. Error of the
Model coefficients (R) R Square | Adjusted R Square Estimate
1 9572 .907 .907 .389
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Regression| 7389.61 923.702
Residual 755.886 .151

Source: Compiled by researcher

Table 2: Coefficient Values of Various Responsibiiies Carried Out by the BMC towards Sustainability

(Constant) -.183 .025 -7.357 .000
Ensures the provision of
pure water (drinking
purposes) with appropriate
flow pressure

Control the scarce water
resources

Ensure adequate water
supply for domestic use
Construction of irrigation
structures in irrigation areas
Appropriate water
allocation to each household -.181 .008 -.167 -21.62( .000
in the locale

Construction of water
treatment plant

Increased productive
efficiency related to water
usages (e.g. agriculture,
irrigation)

Infrastructure development
(rainwater harvesting,
prevention of flood, for
example)

"Dependent Variable: Role of Bhopal Municipal Cogtam
Source: Compiled by researcher

.138 .012 .166 11.911 .00p

237 .018 199 13.250 .00D

-.035 .010 -.032 -3.415 .001

372 .016 .299 23.605 .00D

379 .011 .288 33.695 .000

.104 .010 112 10.469 .00p

272 .010 151 25.999 .000




Role of Public Health Engineering Department (PHE)Correlation
Table 3: Correlation Values Projecting Various Respnsibilities of Public Health Engineering Departmen

Role of Public Health Engineering | Pearson Correlation 1
Department in Water supply and | Sig. (2-tailed)

management N 5000
Full coverage of both rural and Pearson Correlation 913
urban population with safe drinking Sig. (2-tailed) 0.000
water supply facilities N 5000
Coverage of urban and rural Pearson Correlation -.869
population with sanitation, up to the Sig. (2-tailed) 0.000
limit determined by the GOI, 1981| N 5000
Ensuring as well as maintenance ofPearson Correlation 684
sustainability of the systems and | Sig. (2-tailed) 0.000
sources of water N 5000
Tackling the problem of water g%ar(szci?aﬁ:gc;)relatlon 0 g’gg
quality in affected habitations N 5000
Preservation of quality of water by| Pearson Correlation .666
institutionalizing water quality Sig. (2-tailed) 0.000
monitoring and surveillance throughN 5000
a Catchment Area Approach

Undertaking measures to educate| Pearson Correlation .566
masses on the importance of Sig. (2-tailed) 0.000
sanitation and sustainability of

water sources N 5000
**_Correlation is significant at the 0.01 leveHailed).

Source: Compiled by researcher

Regression

Table 4: Model Summary and ANOVA Values of the Impat of PHE

1 914

.836

416

Regression 4403.21

Residual 862.

285

Source: Compiled by researcher




Table 5: Coefficient Values of Various Responsibiiies Carried Out by the PHE towards Sustainability

(Constant) 915 .089 10.343 .000
Full coverage of both rural and
urban population with safe .758 .017 .809 44.217 .000

drinking water supply facilities
Ensuring as well as maintenance
of sustainability of the systems .005 .022 .007 .240 .810
and sources of water

Tackling the problem of water
quality in affected habitations
Preservation of quality of water
by institutionalizing water
quality monitoring and -.011 .023 -.013 -.479 .632
surveillance through a
Catchment Area Approach
Undertaking measures to
educate masses on the
importance of sanitation and
sustainability of water sources
a. Dependent Variable: Role of Public Health Engiitey Department in Water supply and management
Source: Compiled by researcher

-121 .013 -.153 -9.025 .000

-.042 .007 -.054 -5.796 .000

Role of Department of Town and Country Planning Orgnisation (TCPO)
Correlation

Table 6: Correlation Values Projecting Various Respnsibilities of the

Department of Town and Country PlanningOrganisation

Role of Town and Country Planning g%ar(szci?aﬁtgc;)relatlon 1
Department in water resource managem A% 5000
Operation and maintenance of three Pearson Correlation 637
important benchmarks identified by the | Sig. (2-tailed) 0.000
GOIl— water supply, sanitation and solid N 5000
waste management

o .| Pearson Correlation -.8%1
Contribution in eliminating key areas like Sig. (2-tailed) 0.000
open defecation and manual scavenging : -

N 5000

Conducting regular field visits to Pearson Correlation .385
understand the development taking place Sig. (2-tailed) .000
and the actual scenario N 5000
Regular maintenance of technical options Pearson Correlation 367
of water supply and management like, | Sig. (2-tailed) .000
small bore sewerage, Simplified sewerage
with decentralized wastewater treatment| N 5000
and mixed sanitation




| **. Correlation is significant at the 0.01 levet@led). |
Source: Compiled by researcher

Regression

Table 7: Model Summary and ANOVA Values of the Impat of TCPO

Regression | 3952.394 4 988.098 3758.684 .000
1 Residual 1313.106 4995 .263
Total 5265.500 4999

Source: Compiled by researcher

Table 8: Coefficient Values of Various Responsibiiies Carried Out by the TCPO towards Sustainability

(Constant) 4,933 .067 73.588 .000
Operation and maintenance of three
important benchmarks identified by the

GOIl— water supply, sanitation and solid -291 010 ~438 -28.570 .000
waste management
Contribution in eliminating key areas I!ke 847 011 1141 79519 004
open defecation and manual scavenging

1 | Conducting regular field visits to
understand the development taking place .028 .036 .035 .784 433

and the actual scenario

Regular maintenance of technical option
of water supply and management like,
small bore sewerage, Simplified sewerage .180 .035 .218 5.061 .000
with decentralized wastewater treatment
and mixed sanitation

"Dependent Variable: Role of Town and Country Plagridepartment in water resource management
Source: Compiled by researcher
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Role of Private Players

Correlation

Regression

Table 9: Correlation Values Projecting Various Respnsibilities of Private Stakeholders

Pearson Correlation 1
Role of Private Water Suppliers | Sig. (2-tailed)
N 5000
Does it's service is required Pearson Correlation .942
frequently by the residents? ﬁ'g' (2-tailed) 506880
. . Pearson Correlation 430
Does it provide adequate supply Sig. (2-tailed) 000
of water to each household? N 9. 5'000
Even distribution of water amon g%ar(szci?aﬁ:gc;)relatlon g(?oo
all the residents : -
N 5000
o Pearson Correlation 332
Does the organization address  —o; (2-tailed) 000
water leakage, if any? N 9. 5'000
Is the organization aware of wat [Pearson Correlation .798
resource management? ﬁ'g' (2-tailed) 506880
Does the organization develop | Pearson Correlation -710
infrastructure or technical solutiopSig. (2-tailed) 0.000
to ensure minimal leakage of
water during distribution? N =000
o Pearson Correlation -.389
Does the organization ensure st As; (2-tailed) 000
to harvest rain water? N g 5'000

** Correlation is significant at the 0.01 leveHailed).

Source: Compiled by researcher

Table 10: Model Summary and ANOVA Values of the Impact of Pvt. Stakeholders

1 .958

.918 .918

.294

4833.526

Regression

1 | Residual

431.974

Source: Compiled by researcher
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Table 11: Coefficient Values of Various Responsibiles Carried Out by the Pvt. Players towards Sustaability

Coefficients
Unstandardized Standardized t Sj
Model Coefficients Coefficients 9
B Std. Error Beta

(Constant) 2.462 .067 36.951 .000
Dogs it's service is required frequently by the 1232 013 1053 96.967 000
residents?
Does it provide adequate supply of water to - 248 009 307 27214 000
each household?
Eve_n distribution of water among all the .484 012 435 -40.001 000
residents

1 :?g;s/f;he organization address water leakage, 024 006 028 3.944 000
Is the organization aware of water resource 084 007 119 11.71d 000
management?
Does the organization develop infrastructure
or technical solution to ensure minimal -.167 .011 -.161 -14.714 .000
leakage of water during distribution?
Does the organization ensure steps to harvest 043 008 055 5.200 000
rain water?

"Dependent Variable: Role of Private Water Suppliers

Source: Compiled by researcher

Role of Civil Society

Correlation

Table 12: Correlation Values Projecting Various Reponsibilities of Civil Societies Such as NGOs

. Role of NGOs in the Area’s
VEUEIIES Water Resource Management
Role of NGOs in the area’s water resource gizar(szo_?aﬁleodr)relatlon 1
management -
N 5000

. . Pearson Correlation 917
Imparting practical knowledge about local Sig. (2-tailed) 0.000
situations related to water N 5000
Have developed the experience on Pearson Correlation 383
independent research of local water and | Sig. (2-tailed) .000
health problems N 5000
Inform the locals about water related giear(szo_?aﬁleodr)relatlon 0(7)%?)
problems and water resource managemen N 9. 50'00

. . . . | Pearson Correlation .085
Imparting technical solutions and alternativ 3ig. (2-tailed) 000
to improve the situation : ;

N 5000

Have developed expertise on implementatipRearson Correlation 629
of low cost, environmentally sustainable, andig. (2-tailed) 0.000
efficient technologies N 5000
Empowering women to act for improving thePearson Correlation 760
access to safe water and manage water | Sig. (2-tailed) 0.000
resources N 5000
**_ Correlation is significant at the 0.01 leveH@iled).
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Source: Compiled by researcher

Regression

Table 13: Model Summary and ANOVA Values of the Impact of NGOs

Regression 5763.09 .0Q0
Residual 897.866

Source: Compiled by researcher

Table 14: Coefficient Values of Various Responsibiles Carried Out by the NGOs towards Sustainabiliy

(Constant) .513 .029 17.94 .000
Imparting practical knowledge

about local situations related tp 1.036 .014 1.055 75.84( .00p
water

Have developed the experience

on independent research of .089 .008 .077 10.558 .000

local water and health problems
Inform the locals about water
related problems and water -.320 .020 -.216 -15.59( .000
resource management

1 | Imparting technical solutions

and alternatives to improve the -.049 .007 -.057 -6.839 .000
situation

Have developed expertise on

implementation of low cost, -037 012 031 -3.066 002

environmentally sustainable,
and efficient technologies
Empowering women to act for
improving the access to safe 094 018 075 5228 000
water and manage water ' ' ' ’ '
resources

"Dependent Variable: Role of NGOs in the area’s masource management

Source: Compiled by researcher

QUANTITATIVE QUESTIONNAIRE
Section A: Role of Ngos in the Area’s Water ResouecManagement
The following questions are based on 5-point Lilezdle wherd meanstrongly agreeand5 meansstrongly

disagree with 3 beingNo comments
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Imparting practical knowledge about
local situations related to water
Have developed the experience on
independent research of local water
and health problems
Inform the locals about water related
problems and water resource
management

Imparting technical solutions and
alternatives to improve the situation
Have developed expertise on
implementation of low cost,
environmentally sustainable, and
efficient technologies

Empowering women to act for
improvement the access to safe water
and manage water resources.

Section B: Role of Bhopal Municipal Corporation

The following questions are based on 5-point Liledle wherel meanstrongly agreeand5 meansstrongly

disagree with 3 beingNo comments

Ensures the provision gfire
water (drinking purposes) with
appropriate flow pressure
Control the scarce water resources
Ensure adequate water supply for
domestic use

Construction of irrigation
structures in irrigation areas
Appropriate water allocation to
each household in the locale
Construction of water treatment
plant

Increased productive efficiency
related to water usages (e.g.
agriculture, irrigation)
Infrastructure development
(rainwater harvesting, prevention
of flood, for example)

Section C: Role of Private Water Suppliers

The following questions are based on 5-point Liledle wherd meanstrongly agreeand5 meansstrongly

disagree with 3 beingNo comments
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Does its service is required
frequently by the residents?

Does it provide adequate supply @
water to each household?

Do you provide adequate supply g
water to each household?

Even distribution of water among
all the residents

Does your organization address
water leakage, if any?

Is your organization aware of wate
resource management?

Does your organization develop
infrastructure or technical solution
to ensure minimal leakage of wat¢
during distribution?

Does your organization ensure
steps to harvest rain water?

=

="

=

=

Section D: Role of Public Health Engineering Deparhent in Water Supply and Management

The following questions are based on 5-point Liledle wherel meanstrongly agreeand5 meansstrongly

disagree with 3 beingNo comments

Full coverage of both rural and urban
population with safe drinking water supply
facilities

Coverage of urban and rural population
with sanitation, up to the limit determined
by the GOI, 1981

Ensuring as well as maintenance of
sustainability of the systems and sourceg of
water.

Tackling the problem of water quality in
affected habitations

Preservation of quality of water by
institutionalizing water quality monitoring
and surveillance through a Catchment Arnea
Approach
Undertaking measures to educate massgs
on the importance of sanitation and
sustainability of water sources.

Section E: Role of Town and Country Planning Deparnent in Water Resource Management

The following questions are based on 5-point Liledle wherd meanstrongly agreeand5 meansstrongly

disagree with 3 beingNo comments
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Operation and maintenance of three
important benchmarks identified by the
GOIl— water supply, sanitation and solid
waste management

Contribution in eliminating key areas
like open defecation and manual
scavenging

Conducting regular field visits to
understand the development taking place
and the actual scenario

Regular maintenance of technical
options of water supply and management
like, small bore sewerage, Simplified
sewerage with decentralized wastewater
treatment and mixed sanitation. T
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