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Abstract: Water governance is a widely acknowledged as an important factor for sustainable
development. This study attempts to assess if the water governance in eight Indian states has
improved after the announcement of the United Nations Sustainable Development Goals (SDGs).
We utilize the Institutional Decomposition and Analysis (IDA) framework developed by Saleth
and Dinar. Using survey data from two periods and 152 respondents, we calculate the scores on
17 indicators of water law, policy, and administration. We found that average scores on water law,
policy, and administration have increased between the first and the second survey. We attributed
this improvement to the fact that the Indian government is paying special attention to the provision
of clean drinking water after the announcement of the SDGs. We also calculated nominal and
weighted water governance indices (WGIs) for eight Indian states. This study made an important
contribution to the existing water governance literature by capturing improvements in the water
governance scores of eight Indian states after the announcement of the SDGs.

Keywords: water governance; water law; water policy; water administration; sustainable development
goals; water governance index; Indian states

1. Introduction

The provision of safe drinking water took central stage in global environmental and developmental
discussions; due to this, it was included previously in the Millennium Development Goals (MDGs)
and in the Sustainable Development Goals (SDGs) more recently. Despite the tremendous amount
of attention paid to the provision of safe and affordable drinking water, hundreds of millions of people
around the world still lack access to it [1,2]. In Asia, India has the largest percentage of its population
without access to clean drinking water, reaching up to more than 75 million people [3]. India lags
behind most of its neighbors in terms of access to safe potable water [4].

According to estimates, India has 16% of the world’s population but only 4% of the world’s
freshwater resources. Despite significant investment and improvement in the water sector, it is
becoming very difficult to manage the ever-increasing demand of water in India [5]. If the status quo is
not changed, India’s water problems would be further aggravated, as it is already a water-stressed
country [6]. Also, in India, water is not evenly distributed geographically. More than two-thirds
of water resources are confined to about one-third of the land area. The Ganges-Meghna—-Brahmaputra
river basin in the east contains 60% of available freshwater [7].

According to the constitution of India, the responsibility of water resources development and
management rests with individual states [8]. Therefore, we can say that water governance in India is
decentralized at the state level. Although the central government provides financial resources to the state
governments for implementing national-level projects, the states are responsible for the development and
management of water resources within their administrative/physical boundaries. States have different
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institutions such as regulatory authorities, water departments, gram panchayats, irrigation departments,
and public works departments to develop and manage water resources [9].

The upper state level is responsible for funding, policy-making, mobilization, and administration
of the water sector in coordination with the central government. The state governments receive
a significant chunk of their funding from the central government; therefore, they try to align their
vision and policies with the central government. They make their own policies and provide funding
from their own resources when necessary. The Indian constitution gives states full authority over
water within their boundaries [10].

At the state level, water is managed differently in rural and urban areas. In rural areas, water is
managed through the Panchayat Raj system. The Panchayat Raj system consists of three administrative
levels: Zilla (district) Panchayat at the top level, followed by Taluk (block) Panchayat at the middle
level, and Gram (village) Panchayat at the bottom. At the Zilla and Taluk levels, the water bodies
consist of both elected and appointed officials, and at the Gram level, the water bodies include only
elected representatives. Normally, a Gram Panchayat consists of about one to 10 villages, depending on
total population [9]. This also varies from state to state. The Panchayat Raj system is responsible
for implementation, operations and maintenance, funding, and the administration of water programs
and projects. Functions involving funding and local policy making are performed by Zilla and Taluk
Panchayats, while functions such as implementation, monitoring, maintenance, and operations are
performed by Taluk and Gram Panchayats [11].

In urban areas, the water is managed by different political and bureaucratic bodies such
as districts and municipalities where both elected and appointed officials perform their duties.
These arrangements can differ from state to state. These district and municipality-level bodies are
responsible for policy-making, implementation, and service provision. Service provision includes
water infrastructure building and maintenance, water distribution, and other related tasks [12,13].

Civil society organizations such as non-governmental organizations (NGOs), academic bodies,
community support organizations, and general citizenry also contribute to water governance
through consultation, research, funding, project design, and advocacy [14,15]. Water utilities are
underperforming in India despite investments to improve infrastructure and capacity. Most of the urban
areas get water only a few hours a day, and 24/7 water supply is still a far cry. A lack of adequate access
to water has negative effects on gender equity as well, and women are primarily on the losing side
because they are normally responsible for fetching water from afar. This takes a lot of their time and
energy, severely harming their productivity [16]. Piped water supply is heavily skewed in the favor
of rich. Most (65%) of the rich have access to piped water supply, while only 2% of the poor enjoy
the same. In Delhi, 20% of the population gets 92% of the water, while the remaining 80% gets only
8% [5,17,18]. Poor water services along with sanitation are also blamed for the undernutrition of 40%
of underweight children in India [19]. India’s rivers are also heavily polluted. According to studies,
70% of India’s surface water is unfit for human consumption due to pollution [20,21].

Araral and Ratra [22] argued that India lags in water governance for a variety of reasons such as
the poor capacity of Indian states, the complexity of the Indian decision-making system (which has
a number of veto players), conflicts between states over water rights, and most importantly, the lack
of water-related expertise among Indian political leaders and policymakers.

India has to improve a lot when it comes to the sustainable and equitable provision of drinking
water to its masses. The sustainable provision of drinking water ultimately depends on the sustainable
management of water resources. As we discuss in the coming section, water governance plays an
important role in the sustainable management of water resources. Taking this into account, this study
attempts to assess the state of water governance in eight Indian states, utilizing a framework developed
by Saleth and Dinar. Particularly, we are interested in measuring any improvement in the water
governance in these states after the announcement of SDGs.

India committed to SDGs right at the time when these were adopted by the United Nations (UN)
General Assembly in September 2015. The Government of India (Gol) works in close coordination
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with state governments to realize SDGs by the target date of 2030. The SDGs include a water and
sanitation-related goal called Sustainable Development Goal 6 (SDG6). According to a report by the UN
and Research and Information System for Developing Countries (RIS), Indian governments both at
central and state levels are actively pursuing the achievement of SDGs, including SDG6. Several of
the Indian government’s initiatives can be directly linked to SDG6. These initiatives include the Water
Framework Law of India 2016, National Rural Drinking Water Program (NRDWP), Accelerated Urban
Water Supply Program (AUWSP), Namame-Gange (National Mission for Clean Ganga), and National
Water Policy [23].

This study utilizes survey data collected over two survey periods before and after
the announcement of SDGs to estimate if there is an improvement in water governance after SDGs
were announced. This type of comparative study focusing on temporal variation in water governance
in India has not been done before. Therefore, in our view, this study makes an important contribution
to the already existing literature on water governance. This study can also be taken as a case study on
India at the state level, which can aid in the decision-making process in the water sector. We argue that
water governance in the states under study seems to have improved in recent years, as reported by
survey respondents.

2. Water Governance and Sustainable Water Management

Water is essential to life, but difficult to manage due to the nature of its physical existence. Water is
used in a multitude of human activities such as agriculture, industry, domestic, and most importantly
for drinking. Apart from human consumption, water is essential for animal and plant life on earth,
without which human life cannot exist. Water is difficult to manage for many reasons. It is not equally
distributed geographically, so it needs costly infrastructure for transportation. It is difficult to store,
because it evaporates and leaks. It gets polluted easily, as it is a good solvent, rendering it unfit
for human consumption without expensive treatment. Other problems related to water include water
logging and flooding [24].

Despite all the problems related to the physical nature of water, it is equally important to manage
it efficiently and sustainably. The water crisis in the 21st century has more to do with poor management
than scarcity and stress [25]. Sustainability, as defined by the Brundtland Commission’s report titled
Our Common Future [26], emphasizes meeting the needs of the current generation without impairing
the ability of future generations to meet their needs. According to the report, the development is
sustainable if “it meets the needs of the present without the compromising the ability of future generations
to meet their own needs”. Sustainability involves multiple goals and objectives that can ensure a safe
future. These goals and objectives involve environmental and ecological protection, social equity,
economic longevity, and physical reliability. Therefore, sustainable management will involve actions
directed to realize these goals and objectives. Sustainable water management (SWM) will be a set
of actions, tradeoffs, and decision-making processes to realize these goals in the context of water [27].

UNESCO defines sustainable water resource systems as the systems that are designed and
managed to fully contribute to the objectives of society, now and in the future, while maintaining
their ecological, environmental, and hydrological integrity [28]. Other definitions may have different
wordings, but incorporate more or less similar objectives; see for example Loucks and Gladwell [28],
Mays [29], and Alley et al. [30]. SWM strives to balance the demand of water by competing sectors
including agriculture, industry, domestic, and environment [31]. Similar to any other sustainability
concept, SWM also gives equal importance to the long-term future [27]. United Nations Agenda 21
gives a more holistic objective of SWM, which is supposed to ensure “adequate supplies of water of good
quality are maintained for the entire population of the planet, while preserving the hydrological, biological,
and chemical functions of ecosystems, adapting human activities within the capacity limits of nature and
to combat vectors of water related diseases” [31,32]. Achieving SWM involves numerous challenges and
obstacles such as intense urbanization, water scarcity and stress, impacts of globalization, climate
change, infrastructure issues, non-stationary demand, water contamination, and lack of consistency
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in water governance [33,34]. For an in-depth understanding of sustainable water management and
the state of the literature on it, please see Duran-Sanchez et al. [35]. Sustainable development and
SWM are closely related, as water is essential for development. The sustainable management of water
resources leads to sustainable food production, poverty alleviation, and a reduction in water-related
diseases by improving the quality of water [31,36]. For this reason, water is included in Sustainable
Development Goal 6, which is also known as SDG6.

Assessing and evaluating the sustainability of water systems is a complex process, and there
is no agreed upon method to do it. Evaluation models can include generic indices to compare
management practices across different environments and organizations to location specific models
tailored for individual governments to measure the sustainability of their water management
systems [37]. Quantitative evaluations are useful to evaluate the environmental, economic, and social
impacts of systems, but still there is a lack of robust quantitative evaluation techniques to model
sociocultural aspects and their relationships with biological and physical components of complex
water management systems [38—41]. The three most prevalent methods to evaluate SWM are indicators
and indices; product-related assessment; and integrated assessment [38,42]. Popular indicators and
indices include the Water Poverty Index [43], Watershed Sustainability Index [44], Canadian Water
Sustainability Index [45], and Environmental Performance Index. Popular product assessments include
Ecological Footprint [46] and Water Footprint [47]. Integrated assessments include system dynamic
modeling, risk analysis, cost-benefit analysis, and impact assessments [31].

Water governance is taken as a concept broader than that of water management. Water management
normally refers to the government making decisions to manage water systems. Water governance
includes both internal and external processes through which societies manage their water resources [48].
Lautze et al. [49] differentiated between water management and water governance as, “Water governance
is a set of processes and institutions through which management goals are identified and water management is
charged with practical measures to achieve those goals. More simply water management aims to improve outcomes
directly whereas water governance seeks to define those outcomes and align water management to achieve those
goals”. It is apparent from the argument of Lautze, De Silva, Giordano and Sanford [49] that water
governance encompasses water management as well.

Water governance is a quite complex concept, and normally scholars define and understand it
according to their own core area of expertise. The Global Water Partnership (GWP) defines water
governance as “the range of political, social, economic and administrative systems that are in place to requlate
[the] development and management of water resources at different levels of society” [50]. Pahl-Wostl [51] defined
water governance as “the social function that requlates the development and management of water resources
and provisions of water services at different levels of society and guiding the resources towards a desirable state
and away from undesirable state”. According to the UN World Water Report (2006), the crisis of water is
largely due to the failure of water governance, and for the sustainable development of water resources,
water governance should be given due priority [52]. Water governance is defined and interpreted
in a very broad manner. Recently, researchers have debated and brought many modern concepts
within the water governance envelope: for example, Integrated Water Resource Management (IWRM)
and Adaptive Co-Management (ACM) [53-56]. Due to the failure of conventional water management,
many responses have been developed to address the human and environmental problems related
to water, and this has resulted in a dynamic shift in water governance incorporating human, ecological,
and collaborative dimensions well within its boundaries [57-61].

The mechanisms through which water governance is translated into water management or
sustainable water management are referred to as water governance mechanisms (WGM). The WGMs
include institutions, formal and informal rules, actors, networks, and systems. Through WGMs,
the decisions taken in water governance are transformed into water management actions, generating
outcomes [50,62,63]. Therefore, including elements of sustainability in water governance will lead
to the actions promoting the sustainable management of water resources or SWM. Hence, we can link
modern water governance to sustainable development and SDGs through SWM.
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As mentioned in the Introduction section, water in India is a state subject that is heavily influenced
by the pros and cons of the bureaucratic and democratic norms of the country. The central government
cannot enforce anything on states regarding water. The central government influences water governance
at the state level only through funding and recommendations, and state governments normally align
their policies and goals with the central government’s vision to receive more of these funds [64].
Therefore, much of the responsibility toward achieving SDG water targets rests on the shoulders
of individual states. There are many state-level actors working toward the sustainable management
of water resources, thus contributing toward SDGs. These actors include government agencies,
community organizations, NGOs, and consultants. Progress has been made to increase access to safe
drinking water, especially in rural areas. Whether India will be able to achieve the SDG6 targets by
2030 deadline is still unclear due to the enormity of tasks and the complexity involved in achieving
these targets [65-68].

Assessing water governance is a complex task, and there is no agreed upon way to do it. This is
highlighted by Pahl-Wostl, Holtz, Kastens, and Knieper [57]: “Finding general patterns to explain successes
or failures of governance regimes poses a considerable challenges. Governance embraces the full complexity
of a wide range of processes and their interaction. A major challenge is to understand how all the different
processes characterizing these systems in concert determine certain policy outcomes under certain structural
conditions and how change in governance regimes occur”. Water governance assessments tend to take
elements from frameworks for assessing governance in a broad general way, such as the World Bank’s
Worldwide Governance Indicators, which look at six dimensions of governance, and Transparency
International’s Corruption Perception Index [69]. Water governance assessments generally focus on
enabling the environment and performance of the institutions involved [70]. Recently, the Organization
for Economic Co-operation and Development (OECD) has developed a framework known as the Water
Governance Indicator Framework, which is composed of 36 water governance indicators that are
applied at different scales and for different water management functions [71]. Despite the usefulness
of indicators-based water governance frameworks, it is generally acknowledged that the identification
and development of these indicators is a challenging task, because these indicators may take years
to attain global acceptance and relevance [72,73]. Many indicators are based on the perception of experts,
making them prone to judgmental bias. There may be a significant difference between formally accepted
governance arrangements and those actually implemented on the ground [74]. According to the OECD,
key difficulties in governance indicators include data collection and comparability across different
space and time, and drawing causal linkages between policies and outcomes [71]. Nevertheless,
indicators are accepted as an important way to track if countries are on track to improve their water
governance and hence achieve the goal of SWM [75].

Bakker et al. [76] applied a conceptual framework of governance failure to water supply in Jakarta,
Indonesia. The study found that it was governance failure that prevented Jakarta from achieving
a universal water supply. The study argues that although the governance issues such as high transaction
costs, a lack of flexible payment options for poor households, and insecure tenure arose mainly during
the public management of the Jakarta water supply, the privatization in 1998 also could not address
these governance issues.

Saleth and Dinar [77] and Araral and David [78] in 2001 and 2010 respectively used 20 indicators
of water laws, policies, and administration to study water governance. The findings given by these
studies can be summed up as follows. A country’s level of economic development has a positive
correlation with certain aspects of its water laws. These aspects include the integration of water laws
with the land, forest, and environmental laws, water governance centralization, and the accountability
of water sector officials. Countries with a higher level of economic development may have more
sophisticated water laws. The studies find that besides a country’s level of economic development,
water laws depend on many other factors such as culture, water endowments, historical pattern
of water laws, and the political economy, to name a few. The studies also find that the linkage
between water law, policy, and availability of funding also varies with a country’s level of economic
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development. Richer countries tend to invest more in the water sector and also pay attention to cost
recovery through the proper pricing of water services. However, the studies find an inverse relationship
between a country’s level of economic development and the extent of participation of the private sector.
Richer countries have more capable public sectors, but this is not the case in poor countries, which rely
more on the private sector for investments in new projects [77,78].

Araral and Wang [79] used the same framework described above to find a correlation between water
governance and water sector performance in 10 provinces of China. The study finds a positive correlation
between water governance and different indicators of water sector performance. These indicators
include the adequacy of drinking water, overall water productivity, industrial water productivity,
and agricultural productivity.

Araral and Ratra [22] compared water governance in India and China using the same framework.
The study uses survey data. Ninety-three officials from China and 89 officials from India were surveyed.
Standardized scores on water laws, policies, and administration were calculated for both countries.
The study concluded that water governance in China is considerably stronger as compared to India
in all three aspects. Our study also utilized the India-related data from Araral and Ratra [22] and
combined it with the data from the new survey conducted in 20172018 to generate our results.

One of the most successful examples of how water governance leads to sustainable water
management is the example of the Phnom Penh Water Supply Authority (PPWSA) in Cambodia.
In the span of just 15 years, an almost bankrupt poor-performing water utility was transformed into an
efficient profitable taxpaying entity, providing 24 hours of uninterrupted water supply to the residents
of the Cambodian capital. This was achieved by focusing on different aspects of water governance
such as legal and regulatory aspects, human resources, cost recovery, and financial sustainability.
For a full account of how PPWSA was transformed, please see Biswas and Tortajada [80]. We also think
that the case of PPWSA can be relevant to India, because both India and Cambodia are developing
countries located in South and Southeast Asia, respectively. Other studies highlighting the positive
impacts of water governance on sustainable development include Thang et al. [81] and Bromley and
Anderson [82].

In our view, India has to improve its water governance in order to achieve SDG6 targets related
to drinking water. The cases of Jakarta and Phnom Penh are good examples of where the water sector
will head in the future, depending on the state of water governance.

3. Theoretical Framework

Despite the importance of water governance for the sustainable water supply and management,
it is generally acknowledged that there is a lack of a theoretical approach with respect to the research
in water governance. Franks and Cleaver [62] argued that there is a surprising lack of analysis based on
solid theoretical foundations and core concepts of governance. The reasons could be taking governance
only as a normative set of principles, as argued by McGranahan and Satterthwaite [83], or because many
elements of water governance are also incorporated in other concepts such as integrated water resources
management, human rights, participatory management, and partnerships [84]. Franks and Cleaver [62]
argued that many elements of water governance are taken from practitioners, and are not subjected
to critical academic analysis and debates. Araral and Yu [85] also argued that most of the research
in water governance is devoid of theoretical coherence and analytical rigor, as most of the studies
are descriptive and not grounded in empirics. To address these gaps, Araral and Wang [86] argued
for a paradigm shift in the water governance research and called for a water governance 2.0 research
agenda. According to the study, public economics, new institutional economics, political economy,
and public administration will make the core of this new water governance 2.0 and associated research
as represented in Figure 1.
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Figure 1. Foundations for Water Governance 2.0. Source: Araral and Wang [86].

Water is usually considered a public good, so public sector economics has to play an important role
in our understanding of water governance. Public sector economics is mainly concerned with market
and government failures and their implications. These failures are explained with the help of the theory
of commons, property rights, public goods, and agency theory. According to estimates, more than 85%
of water utilities around the world are in government hands, and are often run inefficiently. For a more
detailed discussion of public sector economics and its applications to water governance, see [85].

According to Araral and Yu [85], institutional economics constitutes the second core of research
in water governance 2.0. Institutional economics theories such as the theory of incomplete contracts,
agency theory, transaction cost theory, and the theory of property rights and commons are more
relevant to water governance. For more on how these theories are relevant to water governance,
please see Araral [87], Ménard and Saussier [88], and Guasch [89].

Political economy is the third core of water governance 2.0. Theories of political economy relevant
to water governance research are public choice theory, game theory, and collective action theory [79].
As in many developing countries, politicians may influence the decisions regarding the provision
of public services, as argued by Keefer [90], and water is one of these. Therefore, the political economy
has an important place in water governance research.

As water utilities and agencies are mostly run by public officials and bureaucrats, therefore, the public
administration practices such as human resource management, public financial management, transparency
and efficiency in resource utilization, organizational structure, and leadership should also be the focus
of research on water governance. There are many studies focusing on public administration aspect
of water governance, such as for example Araral [87], Rijsberman [91], Davis [92], and Watson et al. [93].

This study builds on the Institutional Decomposition and Analysis (IDA) framework developed by
Saleth and Dinar [77]. The framework consists of three institutional dimensions within the water sector
i.e., water law, policy, and administration. The framework takes guidance from wider institutional
literature such as North [94] and Ostrom [95]. It closely resembles the Institutional Analysis and
Development (IAD) framework developed by Ostrom [95], but there are some fundamental differences
between the two [77]. Dinar and Saleth [96] used the framework to compute the water institutions health
index for 22 countries. This study uses an improved version of the IDA framework first used by Araral
and David [78], and then Araral and Wang [79] and Araral and Ratra [22]. The improved framework
consists of three variables that in turn consist of 20 indicators. Seventeen of these 20 indicators are
ordinal, and three are nominal. We use ordinal indicators in our calculations, following Dinar and
Saleth [96]. Figure 2 shows how water governance interacts with other institutions and impacts water
systems performance.
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Figure 2. Water governance and water performance. Source: Saleth and Dinar [77].

In Figure 2 the big square containing water law, water policy, and water administration rectangles
represents water governance. The figure shows that water governance interacts with water performance
as well as other factors such as political and legal systems, demography, the level of economic
development, and resource endowment. It also indicates that water governance is not the only factor
impacting water performance, but the above-mentioned factors also influence it directly or indirectly.
Figure 3 provides further details in the water institutions subsystem. All the indicators are carefully
chosen by Saleth and Dinar to develop a holistic measure of water governance. For more details
on the indicator selection and underlying logic behind, one should consult Saleth and Dinar [77].
Dinar and Saleth [96] used the same framework and indicators to calculate a Water Institutions Health
Index (WIHI). Following this, we also utilize this methodology to calculate a water governance index
for eight Indian states.
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Figure 3. Composition of water governance. Source: Saleth and Dinar [77]

Other studies that have used the same framework include Araral and Ratra [22], Saleth and
Dinar [97], Araral and David [78], Araral and Wang [79], and Araral and Yu [85]. For our case, we say
that water performance equates to sustainable water management.

4. Data and Methods

Utilizing the above-mentioned framework 152 people were surveyed across eight states of India
over two time periods. Survey one was conducted during 2014-2015, while survey two was conducted
during 2017-2018. We used the same survey questionnaire used by Araral and Wang [79]. The states
included in the survey are (1) Andhra Pradesh, (2) Arunachal Pradesh, (3) Karnataka, (4) Maharashtra,
(5) Tamil Nadu, (6) Telangana, (7) Uttar Pradesh, and (8) Uttarakhand. Home to about 44% of the total
Indian population, these states represent the widest socioeconomic and geographical diversity of India.
Geographically, Arunachal Pradesh lies in the extreme east, Maharashtra lies in the west, Uttarakhand
is situated in the northern Himalayan region, while Tamil Nadu is the southernmost state of India.
These states can be fairly assumed to be representative of a large part of India, but still, we remain very
cautious in extending and generalizing our findings for the whole country, because we acknowledge that
152 is a very small sample in a huge country such as India. The states have quite different topography
and water endowments in terms of groundwater, surface water, and rain patterns. Maharashtra,
Tamil Nadu, Andhra Pradesh, Uttar Pradesh, Telangana, and Karnataka are the states in India facing
water scarcity problems due to various reasons such as climate change and the increasing population.

There were 74 respondents in the first survey who completed the questionnaire. These included
24 government officials in the water sector, seven engineers, 17 academics/researchers, 24 people
from civil society/user groups, and two economists. The number of respondents ranged from seven
for Arunachal Pradesh to 13 for Maharashtra. We used the same survey questionnaire that is used by
Araral and David [78] and Saleth and Dinar [77]. The questionnaire can be found at [98].

For the second survey, there were 78 people who responded and completed the questionnaires.
These included 20 engineers working in the water sector, 32 other government officials working
in the water sector, 13 academics and researchers, and 11 people from civil society. The number
of respondents for each state ranged from five for Arunachal Pradesh and Tamil Nadu each to
15 for Uttar Pradesh and Uttarakhand each. Details of respondents can be obtained from the authors.



Water 2019, 11, 2071 10 of 29

We have ensured the reliability of data in the following ways. We have selected respondents based
on their experience and responsibilities in the water sector. The respondent pool consists of people
of responsibility from water ministries, water utilities, water apex bodies, academia, and the private
sector. As the responses came from a pool of experts, the standard errors are distributed. In addition,
we have reported our sample frame and standard deviations, enabling readers to judge the reliability
of responses.

We have also chosen two other indicators to estimate the correlation between water governance
variables and water performance and between water governance variables and the economic
development of the states under study. It is very difficult to get state-level water performance
indicators for India. The water performance indicator we use is the percentage of the rural population
that has safe and adequate drinking water. This indicator is taken from the SDG India Index 2018
developed by National Institute of Transforming India (NITI) in collaboration with the United
Nations [99]. The economic indicator we are using is the average per-capita income at the state level
from 2012 to 2017 in 2011 constant dollar terms. This indicator is taken from the Central Statistical
Organization, New Delhi.

To get the comprehensive picture of the state of water governance in the states under study,
we employ four methods of analysis. First, we compute standardized scores for each of the indicators
(see Table 1 for coding) for each state. We do this for both the old and new surveys. Then, we combine
the scores from two surveys by taking a weighted average. The raw scores in the survey are collected
on the scale of 0-10; we transform these raw scores into a standardized score by multiplying each score
by 10. We do this because we are going to calculate a water governance index (WGI) for each state at
the end of the study. The results are shown in Table 2. This gives an overall picture of all the indicator
scores in both surveys as well as the combined scores.

Second, we report the descriptive statistics separately for water law, policy, and administration
indicators. These statistics are reported for both old and new surveys individually, and for combined
scores as well. This gives an insight into the state of the water law, policies, and administration in each
state. With this, we can compare across the states the scores on all 17 indicators in terms of mean,
standard deviation, minimum, and maximum. As we report it separately for both surveys, we are able
to look into temporal variations in all indicators within the states. As we also report it for combined
scores, we have an opportunity to compare weighted descriptive statistics such as mean and standard
deviation. We can assign the overall rankings for each indicator based on weighted means.

Third, we calculate the average scores for water law, policies, and administration for all the eight
states, and then report the descriptive statistics for water law, policies, and administration variables.
The formula for calculating the average scores on water law, policy, and administration in a particular
survey are given as:

Average score on water law = (L1 + L3 + L4 + L5 + L6)/5

Average score on water policy = (P2 + P3 + P4 + P5 + P6 + P7 + P8)/7
Average score on water administration = (A2 + A3 + A4 + A5 + A6)/5

Please note that the nominal variables L2, P1, and A1 are left out of these calculations.

Then, we calculate the correlation between these three variables and two other variables,
which are (i) percentage of the population having safe and adequate drinking water in rural areas,
and (ii) average per capita income from 2012 to 2017. We do this for two primary reasons. The first is
to check the correlation between water governance and water performance, and the water governance
and economy of the states. The second is to check the robustness and reliability of the data and
estimates. If the individual survey scores from both surveys as well as the combined weighted scores
have a similar correlation with water performance and state economy, we can say that the data is
reliable, and the estimates are robust.
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Finally, we calculate the WGI for each state. To calculate it, we estimate the average scores for water
law, policies, and administration. For this purpose, we first average all the indicators for a particular
variable for each survey response (here, one survey response is for one particular state). This way,
we get the scores that each survey respondent has given to water law, policies, and administration
variables. Then, we average these scores for each state to get a single score for each of the three
variables for each state. We calculate both nominal and weighted water governance indices for eight
states, as done by Dinar and Saleth [96].

After getting average water law policies and administration scores, we average them again to get
a nominal water governance index (NWGI). For the weighted water governance index (WWGI),
we multiply these average law, policy, and administration scores with a relative weight of each variable
in overall water governance. Our questionnaire also asks for a relative weight (out of 100) to be given
to each of these three variables. We first average these weights across all the 152 survey responses.
As our indicators scores are already standardized, we divide these weights by 100. Then, we multiply
these weights with respective scores for water law, policies, and administration for each state. Then,
we add the three numbers to get a water governance index (WGI) for each state. Figure 4 shows
the complete methodology in the form of a flowchart.

Raw Survey
Data

A

Data cleaning

/Arithmetical
processing
v l v
Water Law Water Policy Water
Indicators L1........ L6 Indicators Administration
Pl P8 Indicators Al....A6
A A A
Standardization and Standardization and Standardization and
Averaging Averaging Averaging
v v v

Water
Administration
Variable

Water Policy
Variable

Water Law

Variable

Averaging

Arithmetical/Weighted

A 4

Water Governance Index

Nominal (NWGI)/Weighted (WWGI)

Figure 4. Flowchart of methodology.
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Table 1. Conceptual and Operational Indicators of Water Governance Source.

Dimension ID Component Definition
Water law L1 Legal distinction of different ~ This represents the degree to which varying water sources are treated alike or differently by water laws (i.e., surface
water sources (ORD) water and ground water). It is on a scale of 0-10, with 10 being “Very Different”, and 0 being “Alike”.
This indicates the basis of general rights in surface water. The scores center around the following criteria: none, not clear,
Format of surface water . . L - .
L2 rights (NOM) common or state property, multiple rights, riparian system, appropriative system, correlative system (equal or
8 proportional sharing), and license/permits.
13 Legal accountability of water ~ This represents the effectiveness of accountability provisions by water laws for water officials. It is on a scale of 0-10,
sector officials (ORD) with 10 being “Highly Accountable”, and 0 being “No Accountability”.
14 Decentralization tendency This illustrates whether or not present laws contribute to centralization and the strength of the tendency of present laws
within water (ORD) toward centralization. It is on a scale of 0-10, with 10 being “Highly Centralized”, and 0 being “Highly Decentralized”.
. This represents the favorable level of the legal provisions for private sector, non-governmental organizations (NGOs),
Legal scope for private and . L . . o
L5 L and community participation in water development/management. It is on a scale of 0-10, with 10 being “Very
user participation (ORD) . L5, P
Favorable”, and 0 being “Unfavorable”.
Leg'a | framework This indicates the integration level of water laws with other laws on land, forest, and environment. It is on a scale of 0-10,
Lo for integrated treatment with 10 being “Highly Integrated”, and 0 being “Fragmented”
of water sources (ORD) & gy & ’ & & ’
. . This indicates the criteria used in water project selection and how extensively they are applied in irrigation, urban,
. Project selection . . . o s . .
Water policy P1 criteria (NOM) and multipurpose projects. The scores center around the following criteria: no response, political dictates, equity factors,
ecological factors (ECO), benefit—cost ratio (BC), internal rate of return (IRR), and multiple criteria.
This represents the extent of the influence of other policies on water policy. It is on a scale of 0-10, with 10 being
P Linkages with other “Highly Influential”, and 0 being “No Influence”. The linked policies include agricultural policies, energy and power
policies (NOM) policies, soil conservation policies, pollution control and environmental policies, fiscal policies (structural adjustment),
credit and investment policies, and foreign investment and aid policies.
P3 Pricing policy (ORD) This represents the extent of cost recovery by tariffs. It is on a scale of 0-10, with 10 being “Full Cost Recovery”,
& poicy and 0 being “Full Subsidy”. The average of domestic, industrial, and irrigation pricing policies is derived.
. This corresponds to how favorable water policy is on private sector participation. It is on a scale of 0-10, with 10 being
Private sector ” , . L, K L. .
P4 C Very Favorable”, and 0 being “Unfavorable”. The scores are averaged across the domains of irrigation, urban domestic
participation (ORD) . : . .
use, rural domestic use, and industrial and commercial use.
This explains how favorable water policy is on user participation and decentralization. It is on a scale of 0-10,
. with 10 being “Very”, and 0 being “Unfavorable”. The scores are averaged across the domains of irrigation,
P> User participation (ORD) urban domestic use, rural domestic use, and industrial and commercial use in the stages of planning and development
and operation and maintenance.
6 Linkage between water law This represents the extent of the linkages between water law and water policy. It is on a scale of 0-10, with 10 being
and water policy (ORD) “Tightly Linked”, and 0 being “No Linkage”.
. This represents how well the concerns of the poor are reflected by water policy. It is on a scale of 0-10, with 10 being
P7 Attention to poverty (ORD) “Highly Reflected”, and 0 being “Hardly Reflected”.
This represents the adequacy of funding available for current and future water investments. It is on a scale of 0-10,
P8 Finance for water with 10 being “Highly Adequate”, and 0 being “Inadequate”. The scores are averaged across the funding for

investment (ORD)

a7 ”ou

“new infrastructure”, “utilities repair and operation and maintenance (O&M)”, “irrigation”,
and “water resources management”.
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Table 1. Cont.

Dimension ID Component Definition
- . This shows the basis on which water administration is organized. The scores center around the following criteria:
Al Organizational basis (NOM) L. ; . . . . . . . .
on administrative division (geographical basis), on hydrogeological regions, on river basins, and a mixture of all of these.
This indicates whether or not functional specialization within water administration is balanced. It is on a scale of 0-10,
Water administration A2 Functional balance (ORD) Wlth 10 bemg nghly I‘Balanced , and 0 being .nghly Unpalanced . The t'e§tec.l functions are planning a.nd design,
implementation, financial management, operation and maintenance, rehabilitation and resettlement, environmental
monitoring, research, training, and extension, interagency, or departmental relationships.
Ex1stenc? (.)f independent This represents the existence of independent bodies for determining water price. It is on a scale of 0-10, with 10 being
A3 water pricing body P ” - . "
Existent”, and 0 being “Nonexistent”.
or apex body (ORD)
Accountability and regulator This represents the effectiveness of the accountability arrangements evaluated. It is on a scale of 0-10, with 10 being
A4 . Y & y “Highly Effective”, and 0 being “Highly Ineffective”. The accountability mechanism was analyzed with respect to both
mechanisms (ORD) 2. . O .
within and outside of formal administration.
A5 Validity of water data This represents the adequacy and reliability of water data for planning purposes. It is on a scale of 0-10, with 10 being
for planning (ORD) “Highly Valid”, and 0 being “Invalid”.
This indicates the extent to which the following science and technology components are used within water
administration: computers, remote sensing and satellite, research and experimental information, modern accounting and
A6 Science and technology auditing techniques, management information systems, geographic information systems, wireless communication,
application (ORD) water-measuring technology, computerized dynamic regulation of canals, and water delivery networks. The aggregate

score is on a scale of 0-10, with 10 being “Very Extensive,” and 0 being “Very Low”. The scores are averaged across
the technologies specified above.

Notes: ® Adopted from Araral and David [78], which in turn adopted it from Saleth and Dinar [77].
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Table 2. Standardized scores for water law, policies, and administration from individual and combined survey data.

State L1 L3 L4 L5 L6 P2 P3 P4 P5 P6 P7 P8 A2 A3 A4 A5 A6
2017-2018 Survey
Andhra Pradesh 529 593 550 526 571 582 550 4.6 486 586 171 582 60.0 600 593 568 59.0
Arunachal Pradesh 80.0 56.0 0.0 440 640 426 420 0.0 285 56.0 540 375 0.0 28.0 60.0 64.0 46.7
Karnataka 720 440 380 527 340 472 520 370 323 529 520 470 100 360 51.0 470 502
Maharashtra 744 756 244 626 756 69.2 689 0.0 464 733 678 692 500 233 739 778 727
Tamil Nadu 580 470 100 547 500 554 700 279 205 560 360 560 300 220 533 550 533
Telangana 740 660 59.0 625 620 571 670 640 663 700 650 674 630 570 725 73.0 722
Uttar Pradesh 653 625 580 557 673 584 59.3 3.0 559 653 580 612 60.0 647 733 733 707
Uttarakhand 653 577 513 467 540 539 633 0.0 56.6 58.7 613 583 50.7 533 670 67.0 58.6
2014-2015 Survey
Andhra Pradesh 688 488 363 504 525 532 285 391 359 550 163 494 113 225 528 588 506
Arunachal Pradesh 58.6 57.1 17.1 56.2 50.0 57.1 129 42.0 43.0 55.7 28.6 49.6 2.9 0.0 53.2 58.6 49.5
Karnataka 570 55.0 480 493 400 509 180 31.8 399 580 290 453 0.0 0.0 475 50.0 50.0
Maharashtra 59.2 469 423 451 338 535 299 329 419 554 346 454 131 231 558 512 507
Tamil Nadu 650 500 160 560 510 469 190 334 414 560 220 51.8 220 0.0 56.3 535 493
Telangana 530 490 420 453 350 557 328 443 477 510 360 508 100 240 538 585 508
Uttar Pradesh 550 50.0 338 583 513 563 300 452 466 613 200 447 113 213 59.7 581 544
Uttarakhand 61.1 544 156 519 567 516 233 379 339 511 200 486 11.1 5.6 553 544  49.0
Combined Data
Andhra Pradesh 58.7 555 482 518 554 564 454 171 440 573 168 55.0 423 464 569 575 559
Arunachal Pradesh 675 567 10.0 51.1 558 51.1 250 245 370 558 392 446 1.7 11.7 560 60.8 483
Karnataka 620 513 447 505 380 496 293 335 374 563 367 458 33 120 487 490 50.1
Maharashtra 654 587 350 523 509 599 458 194 437 627 482 551 282 232 632 621 597
Tamil Nadu 625 489 139 555 506 50.0 372 314 340 560 270 533 249 79 552 540 508
Telangana 635 575 505 539 485 564 499 541 570 605 505 59.1 365 405 631 658 615
Uttar Pradesh 617 582 496 566 61.7 577 491 177 527 639 448 555 43.0 496 686 68.0 651

Uttarakhand 637 565 379 486 550 53.0 483 142 481 559 458 547 358 354 626 623 550
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5. Results and Discussion

5.1. State of Water Law

Table 3 gives the summary statistics of water law indicators. We discuss each indicator and
its variation among the states one by one. First, we report scores from two surveys individually,
and then combined them by taking the weighted averages. We will refer the 2014-2015 survey as
the old survey, and the 2017-2018 survey as the new survey from now on. Looking at the mean values
of law indicators, it is clear that all the law indicators improved from the old survey to the new survey.
This has improved the overall scores as well. There are variations in water law scores, and many states
have changed positions from the old survey to the new survey.

For indicator L1 (level of legal differentiation), Andhra Pradesh scored a maximum of 68.8 in the old
survey, but in the new survey, Arunachal Pradesh scored a maximum of 80 and Andhra Pradesh scored
the minimum, which is 52.9. Telangana, which had the minimum score in the old survey, went many
places up, with a score of 74. When we combine the scores from two surveys, Arunachal Pradesh gets
the maximum score of 67.5, and Andhra Pradesh gets the minimum score of 58.7.

For indicator L3 (legal accountability of water sector officials), Maharashtra went from a minimum
of 46.9 in the old survey to a maximum of 75.6 in the new survey. When scores from both surveys are
combined, Maharashtra got the maximum score of 58.7, while Tamil Nadu got the minimum of 48.9.

Table 3. Descriptive statistics for water law.

Survey 2017-2018 Mean St.Dev Min Max
Level of legal differentiation 67.7 9.09 52.9 80.0
Legal accountability of water sector officials 58.5 10.10 44.0 75.6
Level of centralization of water law 37.0 23.03 0.0 59.0
Legal scope for private and user participation 53.9 6.62 44.0 62.6
Integration of water law with other laws 58.0 12.56 34.0 75.6
Survey 2014-2015

Level of legal differentiation 59.7 5.18 53.0 68.8
Legal accountability of water sector officials 514 3.62 46.9 57.1
Level of centralization of water law 31.4 13.24 15.6 48.0
Legal scope for private and user participation 51.6 4.98 45.1 58.3
Integration of water law with other laws 46.3 8.69 33.9 56.7
Combined

Level of legal differentiation 63.1 2.63 58.7 67.5
Legal accountability of water sector officials 55.4 3.46 48.9 58.7
Level of centralization of water law 36.2 15.98 10.0 50.5
Legal scope for private and user participation 52.5 2.67 48.6 56.6
Integration of water law with other laws 52.0 6.98 38.0 61.7

For indicator L4 (level of centralization of water law), Telangana got the maximum score
of 59 in the new survey, while in the old survey, Karnataka was the maximum, with a score of 48. In the old
survey, Uttarakhand was at the minimum with a score of 15.7, which improved quite substantially and
became 51.3 in the new survey, while Arunachal Pradesh got a minimum of 0.00 in the new survey.
When the scores from the two surveys are combined, Telangana got a maximum of 50.5, and Arunachal
Pradesh got a minimum of 10.00.

For indicator L5 (legal scope for private and user participation), Maharashtra went from a minimum
score of 45.1 in the old survey to a maximum score of 62.6 in the new survey. Uttar Pradesh was
at maximum with 58.3 in the old survey, while Arunachal Pradesh is at the minimum with a score
of 44 in the new survey. When the scores are combined, Uttar Pradesh gets a maximum of 56.6 and
Uttarakhand gets a minimum of 48.6.
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For indicator L6 (integration of water law with other laws), Maharashtra again went from
a minimum of 33.9 in the old survey to a maximum of 75.6 in the new survey. In the old survey,
Uttarakhand was at maximum with a score of 56.7, while in the new survey, Karnataka is at a minimum
with a score of 34. When the scores are combined, Uttar Pradesh has a maximum score of 61.7,
while Karnataka has a minimum score of 38.

5.2. State of Water Policies

The mean values of policy-related indicators given in Table 4 indicate that similar to the water law,
the scores on water policy also went up in the new survey as compared to the old survey. Scores from all
the policy indicators increased in the new survey except for P4 (private sector participation). There are
also variations among the states with time.

In the old survey, Arunachal Pradesh had a maximum score of 57.1 and Tamil Nadu had
the minimum score, which is 46.9 for the water policy indicator P2 (linkage with other policies).
In the new survey, Maharashtra has the maximum score, which is 69.2, and Arunachal Pradesh has
the minimum, which is 42.6. When scores from two surveys are combined through weighted average,
Maharashtra has the maximum score, which is 59.9, and Karnataka has the minimum, which is 49.6,
as shown in Table 2.

Scores on indicator P3 (cost recovery) also increased substantially between the old survey and
the new survey, as shown by the mean values given in Table 4. In the old survey, Telangana had
the maximum score of 32.8, and Arunachal Pradesh had the minimum, which is 12.9. In the new
survey, Tamil Nadu has the maximum score, which is 70, and Arunachal Pradesh has the minimum,
which is 42, and a substantial improvement from survey one. When scores from the two surveys are
combined, Telangana has the maximum score, which is 49.9, and Arunachal Pradesh has the minimum,
which is 25.

Table 4. Descriptive statistics for water policy.

Survey 2017-2018 Mean St.Dev Min Max
Linkage with other policies 55.3 7.96 42.6 69.2
Cost recovery 59.7 9.65 42.0 70.0
Private sector participation 17.1 23.74 0.0 64.0
User participation 444 15.82 20.5 66.3
Linkage between water law and policy 61.4 7.33 52.9 73.3
Attention to poverty 514 16.97 17.1 67.8
Availability of finance 56.9 10.41 37.5 69.2
Survey 2014-2015

Linkage with other policies 53.2 3.35 46.9 57.1
Cost recovery 24.3 711 129 32.8
Private sector participation 38.3 5.25 31.8 452
User participation 41.3 4.75 33.9 47.7
Linkage between water law and policy 55.4 3.37 51.0 61.3
Attention to poverty 25.8 7.30 16.3 36.0
Availability of finance 48.2 2.72 44.7 51.8
Combined

Linkage with other policies 54.3 3.85 49.6 59.9
Cost recovery 41.3 9.62 25.0 49.9
Private sector participation 26.5 13.13 14.2 54.1
User participation 442 8.06 34.0 57.0
Linkage between water law and policy 58.6 3.33 55.8 63.9
Attention to poverty 38.6 11.58 16.8 50.5

Availability of finance 52.9 5.02 44.6 59.1
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Scores on indicator P4 (private sector participation) declined substantially between the first and
second surveys. This indicates that policies are becoming less favorable to private sector participation
in most of the state under study. In the first survey, Uttar Pradesh had the maximum score of 45.2,
while Karnataka had the minimum score of 31.8. In the second survey, three states—Uttarakhand,
Maharashtra, and Arunachal Pradesh—scored 0 on P4, while Telangana scored the maximum of 64.

For indicator P5 (user participation), most of the states improved the scores between the old and
the new survey. Andhra Pradesh, Uttar Pradesh, Uttarakhand, and Telangana improved substantially
in terms of policies favoring user participation. Arunachal Pradesh, Karnataka, and Tamil Nadu scored
less in the new survey as compared to the old survey. In the old survey, Telangana scored the maximum
of 47.7, and Uttarakhand scored the minimum of 33.9. In the new survey, Telangana scored the maximum
of 66.3, and Tamil Nadu scored the minimum of 20.5. When the scores from the two surveys are
combined, Telangana has the maximum score of 57, and Tamil Nadu has the minimum score of 34.

Scores for indicator P6 (linkage between water law and policy) also increased for most of the states
between the old and the new survey, as shown by the mean values in Table 4. In the old survey,
Uttar Pradesh had the maximum score of 61.3, and Telangana had the minimum score of 51. In the second
survey, Maharashtra scored the maximum of 73.3, and Karnataka scored the minimum of 52.9.
When scores are combined, Uttar Pradesh scored the maximum of 63.9, and Arunachal Pradesh scored
the minimum, which is 55.8.

Andhra Pradesh scored the minimum in both the first and second survey for indicator P7
(attention to poverty). Telangana scored the maximum of 36 in the old survey, while Maharashtra scored
the maximum of 67.8 in the new survey. For combined scores from the two surveys, Telangana scored
a maximum of 50.5, while Andhra Pradesh scored a minimum of 16.8. The mean score for this indicator
is the second-lowest, indicating that states are paying less attention to poverty while designing their
water policies.

The scores for indicator P8 (availability of finance) also increased for most of the states between the old
and new survey. Only one state, Arunachal Pradesh, recorded a decline in their score. Arunachal Pradesh
scored a minimum on both surveys. In the old survey, Tamil Nadu had the maximum score of 51.8,
while Maharashtra scored the maximum in the new survey, which is 69.2. When the scores are combined
Telangana, has a maximum score of 59.1, and Arunachal Pradesh has a minimum score of 44.6.

5.3. State of Water Administration

Scores for almost all of the water administration indicators also increased between the old and new
survey. This can be confirmed by looking at the mean values of these indicators in Table 5. In addition,
there is also a substantial variation among the states between the two surveys.

Indicator A2 (functional capacity balance) saw significant improvement between the old and new
survey. In the old survey, Maharashtra had the maximum score of 13.1, and Karnataka had the minimum
score of 0. In the new survey, Telangana has the maximum score of 63, and Arunachal Pradesh has
the minimum, which is 0. When the scores from the two surveys are combined, Uttar Pradesh has
the maximum score, which is 43, and Arunachal Pradesh has the minimum, which is 1.7. This also
shows the substantial difference between the states in terms of functional capacity balance. Many states
have paid attention to achieve a higher level of functional capacity balance after the old survey
was conducted.

Indicator A3 (independent pricing body) also saw substantial improvement between the old and
new survey periods. In the old survey, Telangana had the maximum score of 24, and three other states,
Tamil Nadu, Karnataka, and Arunachal Pradesh had the minimum score of 0. In the new survey,
no state has a 0 score. Uttar Pradesh has the maximum score of 64.7, and Tamil Nadu has the minimum
score of 22. It is clear from these scores that now states are empowering the water pricing bodies
to make independent decisions. When the scores from two surveys are combined, Uttar Pradesh has
the maximum score of 49.6, and Tamil Nadu has the minimum score of 7.9.
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Table 5. Descriptive statistics for water administration.

Survey 2017-2018 Mean St.Dev Min Max
Functional capacity balance 40.5 24.32 0.0 63.0
Independent water pricing body 43.0 17.58 22.0 64.7
Accountability and regulatory mechanisms 63.8 9.16 51.0 73.9
Validity of water data 64.2 10.62 47.0 77.8
Science and technology application 60.4 10.31 46.7 72.7
Survey 2014-2015

Functional capacity balance 10.2 6.64 0.0 22.0
Independent water pricing body 12.1 11.56 0.0 24.0
Accountability and regulatory mechanisms 54.3 3.50 47.5 59.7
Validity of water data 55.4 3.59 50.0 58.8
Science and technology application 50.5 1.71 49.0 544
Combined

Functional capacity balance 27.0 16.33 1.7 43.0
Independent water pricing body 28.3 16.75 7.9 49.6
Accountability and regulatory mechanisms 59.3 6.24 48.7 68.6
Validity of water data 59.9 6.22 49.0 68.0
Science and technology application 55.8 5.95 48.4 65.1

All the states except Tamil Nadu saw improvement in indicator A4 (accountability and regulatory
mechanisms) between the old and new survey periods. For Tamil Nadu, it decreased slightly. In the old
survey, Uttar Pradesh had the maximum score of 59.7, and Karnataka had the minimum score of 47.5.
In the new survey, Maharashtra has the maximum score, which is 73.9, and Karnataka has the minimum
score, which is 51. When scores from two surveys are combined, Uttar Pradesh has the maximum
score of 68.6, and Karnataka has the minimum score of 48.67.

Scores on indicator A5 (validity of water data) also improved between the old and new survey
periods. This shows that the experts surveyed are increasingly confident in the water data. In the old
survey, Andhra Pradesh had the maximum score of 58.8, and Karnataka had the minimum score
of 50. In the new survey, Maharashtra has the maximum score, which is 77.8, and Karnataka has
the minimum score, which is 47. When the scores of the two surveys are combined, Uttar Pradesh has
the maximum score of 68, and Karnataka has the minimum score of 49.

For indicator A6 (science and technology application), the scores for all the states increased
between the old and new survey periods. In the old survey, Telangana had the maximum score
of 72.7, and Arunachal Pradesh had the minimum score of 49. In the new survey, Maharashtra has
the maximum score, which is 72.7, and Arunachal Pradesh has the minimum score, which is 46.7.
When the scores from the two surveys are combined, Uttar Pradesh has the maximum score of 65.7,
and Arunachal Pradesh has the minimum score of 48.4.

Itis interesting to note that Uttar Pradesh has the maximum scores for all of the water administration
indicators when the scores from the two surveys are combined. Uttar Pradesh has the maximum scores
for eight out of 17 ordinal variables, and Telangana has the maximum scores for six ordinal variables.

5.4. t-Test and Area Graphs

To check if the differences in values of variables between the first and second survey are
statistically significant, we conducted the t-test of significance. Table 6 shows the p values obtained
for all the variables. Most of the values are significant at least at the 10% level.
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Table 6. t-Test of significance.

Variable p-Value
Level of Legal Differentiation (L1) 0.048 **
Legal Accountability of Water Sector Officials (L3) 0.082 *
Centralization of Water Law (L4) 0.561
Legal Scope of Private and User Participation (L5) 0.433
Legal Framework for Integrated Treatment of Water Sources (L6)  0.048 **
Linkages with other Policies (P2) 0.502
Pricing Policy (P3) 0.000 ***
Private Sector Participation (P4) 0.027 **
User Participation (P5) 0.604
Linkage between Water Law and Policy (P6) 0.057 *
Attention to Poverty (P7) 0.002 ***
Finance for Water Investment (P8) 0.039 **
Functional Balance (A2) 0.004 ***
Existence of Independent Water Pricing Body (A3) 0.001 ***
Accountability and Regulatory Mechanisms (A4) 0.016 **
Validity of Water Data (A5) 0.042 **
Science and Technology Application (A6) 0.018 **

Significance levels: * 10%, ** 5%, and *** 1%.

Similarly, we also tested for significant differences (95% level) between the means of the variables
from the two surveys. The p-values for water law, policy, and administration are 0.026, 0.018 and 0.001
respectively, making them all significant at least at the 5% level, further validating the robustness
of our calculations.

In order to give a visual understanding of water governance in eight Indian states, we have also
generated area graphs, as shown in Figure 5. Comparing the graphs gives important information
about the state of water governance in each state. For example, the size of the graphs represents
a higher overall governance score. The balance of the graphs indicates whether all the 17 indicators
have identical scores, and the value patterns indicate which indicators have higher and lower scores.

Figure 5 tells us that Maharashtra, Telangana, Uttar Pradesh, and Uttarakhand have comparatively
higher water governance scores, as the area graphs of these states are larger in size than those of the other
four states. Telangana has the most balanced graph, followed by Uttar Pradesh. This means all
the aspects of water governance variables are relatively consistent when compared to other states.
Dinar and Saleth [96] noted that such consistency in institutional/governance variables is important
to the health of water institutions. When it comes to value patterns, we can see that many states
have lower scores on administration variables. Dinar and Saleth [96] argued that these value patterns
have important implications. Higher scores on the administration variables will lead to the effective
performance of water institutions. It is clear that many states here need to focus on the administration
side of their water agencies and institutions.
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Figure 5. Area graphs.
5.5. Correlation of Governance Variables with Water Performance and State Economy

After analyzing the state-wise temporal variation in individual indicators, we combine those
indicators by taking the simple average. Table 7 gives descriptive statistics of water law, policies,
and administration variables generated by averaging their individual components. The average score
for each state for each of the three variables is given in Table 7.

As shown by the mean values, the scores increased substantially between the old and new survey
periods. This depicts an overall positive trend in water governance in India in general, and in the states
under study in particular. The most substantial improvement is in the average score for water
administration, which jumped from 36.5 to 54.4 between the old and new surveys. What could be
the reasons for this?

India has paid special attention to the provision of clean drinking water after the announcement
of the SDGs in 2016. The provision of clean drinking water is part of goal 6, or SDG6, which also
includes the provision of safe sanitation to all.

In 2017, India restructured the National Rural Drinking Water Program (NRDWP), which was
originally launched in 2011. It is now more efficient and performance-oriented. States now have
to compete for NRDWP funding both by the speedy completion of piped water supply projects and by
the verification of completed projects by third parties.
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Table 7. Descriptive statistics for water law, policies, and administration.

Survey 2017-2018 Mean St.Dev Min Max
Score on water law 55.0 7.60 43.9 64.7
Score on water policy 494 8.63 37.2 65.3
Score on water administration 54.4 12.15 38.8 68.4

Survey 2014-2015

Score on water law 48.1 2.19 449 51.3
Score on water policy 40.9 2.59 38.1 455
Score on water administration 36.5 3.87 29.5 41.0

Summary statistics

Score on water law 51.9 3.71 46.3 57.6
Score on water policy 45.2 5.32 39.6 55.4
Score on water administration 46.1 9.37 32.6 58.9

Also in 2015, the government of India launched the National Water Quality Sub Mission (NWQSM)
to improve the quality of drinking water inhabitations where people are forced to use contaminated
water. In March 2018, the Indian government launched a community-led drinking water program
called Swajal. The aim of this program is to promote community participation in water supply and
sanitation systems, and change the role of state government from service provider to facilitator.

Indian governments both at the central and the state levels have invested heavily in the provision
of clean drinking water. Rs. 17,184 crores have been invested in NRDWP from 2016 to 2018. During the
same period, the state of Telangana has invested over Rs. 40,000 crores to provide piped water
to every household.

Table 8 shows the correlations between three water governance variables and two other objective
variables, i.e., the percent of the population having safe and adequate drinking water in rural areas,
and the average per-capita income of each state between 2012 and 2017. It is clear from the results
that the water governance variables are positively correlated with the water performance variables.
The correlations are positive for individual survey scores as well as when scores from both surveys are
combined. This is in line with the broader literature, which states that water governance is positively
correlated with water performance. Here specifically, we see that correlation between “% Population
having safe and adequate drinking water in rural areas” and water administration score is strongest
among all correlations in both surveys, supporting the argument of Dinar and Saleth [96] that water
administration is key to the effectiveness of water institutions.

Table 8. Correlations of governance variables with water performance and state economy.

Survey 2017-2018 Score on Water Law  Score on Water Policy =~ Score on Water Administration

% Population having safe and

adequate drinking water in rural areas 0-102 0123 0289
Average per-capita income in constant N N
2011-2012 prices from 2012-2017 0-198 0217 0293
Survey 2014-2015

Yo Populat19n havmg safg and 0.064 0.023 0.564
adequate drinking water in rural areas

Average per-capita income in constant N § N
2011-2012 prices from 2012-2017 0492 0-382 0408
Combined data

Yo Populat19n havmg safg and 0.189 0.091 0363
adequate drinking water in rural areas

Average per-capita income in constant ~0.509 20018 _0425

2011-2012 prices from 2012-2017

The correlations of water performance variables with the per-capita income of the states are
mostly negative, and are contrary to the expectations. These are not entirely surprising for the reasons
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that India has only recently started to have greater economic growth. It may take a longer time for a
better economy to have a positive impact on water governance. This is because decisions for allocating
resources for public services are normally influenced by political economies of the states and the center.
Still, for the new survey, the water policies variable is positively correlated with the average per-capita
income of the state. This can be an indication that better economies of the states may have started
resulting in better water policies. This correlation analysis also serves as a robustness check for our
data and estimates. The correlations are mostly in the same (positive) direction for both surveys
individually, as well as when scores are combined, showing that the data is reliable.

In the final step, we calculated the water governance index for eight Indian states. The use
of indicators and indices for policy-making based on objective and observed data has a long history
and acceptance. Some of these indicators and indices include gross domestic product (GDP), per-capita
income, the human development index, and the sustainable livelihood security index. However,
more recently, indicators and indices based on subject/perception data are also gaining widespread
attention and acceptance. Such indices used ex ante information collected from experts/stakeholders
through surveys. Examples of such indices are the corruption perception index by Transparency
International and Bureaucratic Quality Index (BQI), which is developed by the Political Risk Services
Group (PRSG). The indicators and indices used in the water sector are the Water Barrier Norm by
Falkenmark [100], the Water Poverty Index by Sullivan [101], and the Water Institutions Health Index
(WIHI) by Dinar and Saleth [94]. Iribarnegaray and Seghezzo [102] also calculated a Sustainable Water
Governance Index (SWGI) for the city of Salta, Argentina and argued that these indices, when combined
with contextual information, can be very helpful in making water and sanitation-related decisions.
Our index most closely resembles the WIHI, as we use the same but improved framework developed
by Dinar and Saleth [96].

We calculate both nominal and weighted water governance indices. The results are given
in columns eight and nine of Table 9. The method for calculating these indices is described
in the methodology section. It is evident from the results that both the nominal and weighted
indices are in close proximity. Dinar and Saleth [96] also calculated the nominal and weighted indices
for India at the country level; those are also identical in magnitude. However, our state indices are
significantly greater than those obtained by Dinar and Saleth [96]. This reflects that survey respondents
reported an improvement in water governance between 2005 and now.

We can see that almost all of the values of both indices are identical as given in Table 9. The reason
for this is that on the average, the survey respondents gave almost equal weight to all three aspects
of water governance, i.e., water law, policies, and administration.

Table 9. Water governance index.

. Nominal Weighted

Average  Average  Average Weighted Weighted Weighted Score ~ Water Water

of Water  of Water  of Water Score on
State . .. . Score on on Water Governance  Governance

Law Policy Administration Water .. .

Variabl Variabl Variabl Water Law Poli Administration  Index Index

ariables ables Variables olicy (NWGD (WWGI)

Andhra Pradesh 53.9 41.7 51.8 16.8 13.2 19.3 49.1 49.3
Arunachal Pradesh ~ 48.2 39.6 35.7 15.0 125 13.3 41.2 40.8
Karnataka 49.3 41.2 32.6 15.3 13.0 12.2 41.0 40.5
Maharashtra 52.5 47.8 47.3 16.3 15.1 17.6 49.2 49.1
Tamil Nadu 46.3 41.3 38.5 14.4 13.0 144 42.0 41.8
Telengana 54.8 55.4 53.5 17.0 17.5 19.9 54.5 54.5
Uttar Pradesh 57.6 48.7 58.9 17.9 154 22.0 55.1 55.3
Uttarakhand 52.3 45.7 50.2 16.3 14.4 18.7 494 49.5

6. Conclusions and Implications

Good water governance is the key for the sustainable management of water resources, which is
important for the realization of SDGs and particularly SDG6, which specifically deals with water and
sanitation. There is no single agreed upon measure to assess water governance, and many frameworks
and indices are used. In this paper, we made an attempt to measure and compare three components
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of water governance—i.e., water law, policy, and administration—across eight Indian states. We utilized
an improved version of Institutional Decomposition and Analysis (IDA) framework, which was
originally developed by Saleth and Dinar. We used survey data collected from 152 respondents across
eight Indian states in two separate surveys. The first survey was held in 2014-2015—i.e., before the
announcement of SDGs, and the second survey was done in 2017-2018—i.e., after the announcement
of SDGs. The respondents include water sector officials, academics/researchers, and people from civil
society/user groups.

Our findings suggest that water governance in the eight Indian states under study may have
improved, as reported by survey respondents. If we compare the results with previous literature, we can
see the improvement in water governance in the Indian states under study. Araral and Ratra [22] used
the same framework to compare water governance in China and India. The scores obtained for India
by the study are same as those obtained in our study using the first survey data, but the scores obtained
by our study using the second survey (which was conducted after the announcement of the SDGs)
shows considerable improvement. India has many programs and initiatives geared toward realizing
SDGs, which may have contributed toward the improvement of water governance scores in the second
survey. Some of the notable programs and regulatory measures include the National Rural Drinking
Water Program (NRDWP), Accelerated Urban Water Supply Program (AUWSP), Water Framework
Law of India 2016, and Namame-Gange and National Water Policy. As water is constitutionally
a state subject in India, therefore, state governments are responsible for governing water within their
boundaries with technical and financial help from the center. Many ministries at the federal level are
involved in work related to water governance and SDGs. These ministries include the Ministry of Water
Resources, River Development and Ganga Rejuvenation (MoWR, RD & GR), the Ministry of Drinking
Water and Sanitation (MoDWS), the Ministry of Housing and Urban Affairs (MoHUA), the Ministry
of Environment, Forest, and Climate Change (MoEFCC), and the Ministry of Agriculture and Farmers’
Welfare (MoAFW). The NRDWP is the flagship scheme to provide safe drinking water to rural areas.
This program is implemented by states, with 50% funding provided by the center. For the period
of 2017/18 to 2019/20, a sum of 23,050 crore Indian rupees has been approved for the program. India also
has an apex body called NITI Aayog, which directly reports to the prime minister and is tasked
with coordination among all stakeholders involved in the implementation of SDGs. States regularly
apprise NITI Aayog about progress on SDGs [103]. All this should have contributed to the reported
improvement in water governance.

The study also estimates the correlation between water law, policy, and administration,
and the drinking water performance and economies of the states. We find that as expected, all the water
governance variables are positively correlated with drinking water performance. This is true for both
the surveys individually and when the scores from both surveys are combined. Araral and Wang [79]
also found a positive correlation between water governance (the study uses the same framework as
ours) and water sector performance using survey data from 10 provinces in China. The water sector
performance measures they used include drinking water adequacy, overall water productivity, industrial
water productivity, and agricultural water productivity. The correlations between water governance
variables and the per-capita income of the states are negative in most cases, except for the water policy
variable, which was estimated with 2017-2018 survey data. This can be because a better economy does
not automatically lead to better water governance.

The study provides an in-depth view to water policymakers in India both at the federal and state
level, as it takes a bottom—up approach to have a nuanced view of water governance across eight Indian
states. First, it calculates and compares score across 17 ordinal indicators, capturing cross-sectional and
temporal variations. Then, it combines the scores of those 17 indicators to calculate water law, policy,
and administration variables. Finally, we calculate a water governance index (WGI) for each state.
Following Dinar and Saleth [96], we have calculated both the nominal and weighted WGI for each state.
This is the first time that an attempt has been made to calculate a water governance index for India at
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the state level. The WGI provides a useful measure to compare states in terms of water governance.
This can help water policymakers in better decision making.

The study uses an established framework to assess water governance. In our view, there are two
main advantages or strengths of utilizing the framework that we use. First, this framework takes
water governance mainly as a function of government. It assesses water governance at three different
levels: water law at the macro level, water policy at the meso level, and water administration at
the micro level. This is a more realistic approach, as in the developing countries such as India, the water
governance is mainly carried out by the government. Second, this framework places water governance
as a component in a wider water institutional context as represented by Figure 2, showing that
water governance is one of the factors influencing water sector performance, and there are many
other political, social, and economic factors that also influence the water sector directly or indirectly.
This gives us a conceptual clarity about water governance with well-defined boundaries, making it
measureable with relative ease. Frameworks used by other studies try to present water governance as
an all-encompassing concept, rendering it conceptually ambiguous and making it difficult to measure;
see for example Bakker, Kooy, Shofiani and Martijn [76]; Théng, Tran, and Luong [81]; Aminova and
Abdullayev [104]; Franks and Cleaver [105]; and Iribarnegaray and Seghezzo [102].

There are some potential limitations to our study that need to be taken into account while
interpreting the results. First, this study only measures the state of water governance in eight Indian
states utilizing data from two surveys. The aim of this study is to see if water governance has improved
between the first and second survey periods. The study only calculates correlations between water
governance variables and two other variables. Due to the lack of data, we have not made an attempt
to establish a causal relationship between water governance and water performance/sustainable water
management. So, care must be taken while interpreting the results. Second, as India is a big country,
some of the states such as Uttar Pradesh are huge in population and area. It would have been ideal
to get more survey responses for such states. However, due to time, cost, and other constraints,
we could not solicit more responses. Third, care needs to be taken while generalizing the results
to the whole of India. This is because some of the drier states such as Rajasthan and Gujarat are not
included in the study, and water is more often treated as a local good. Fourth, the study is based on
perception data collected through surveys, so there is always an element of bias in sampling as well as
responses [106]. Dinar and Saleth [96] argued that this bias can be significantly reduced if the number
of respondents is greater than three for each country (in our case, it will be a state). It is satisfying
that in our study, the minimum number of respondents in any state is 12, but still, the element of bias
cannot be fully eliminated in perception-based surveys. In both surveys, the respondents in each state
were not necessarily the same people. This needs to be taken into consideration while interpreting
the results.

The study also throws open many questions for future research within the Indian and South
Asian context. Similar studies can be carried out in other Indian states and also in other South Asian
countries. In addition, as we have seen, the water governance indicator scores mostly increased
from the old to the new survey. It will be interesting to probe whether these improvements are
due to water governance reforms or some other factor such as better human resources. There is
a need to conduct studies establishing causal linkages between measures taken by governments and
resulting improvements in water governance scores, and also between water governance scores and
SDG6 indicators. It will be worthwhile to probe why there are negative correlations between water
governance variables and the average per-capita income of states under study. Whether it is due
to the lagged effect of the economy, corruption, or simply neglect of the water sector in terms of resource
provision despite the economic growth of states remains to be investigated.
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