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Editorial Note

CSIBER International Journal of Environment (CIJE) offers a venue where relevant
interdisciplinary research, practice and case studies are recognized and evaluated.
Increasingly, environmental sciences and management integrate many different scientific and
professional disciplines. Thus the journal seeks to set a rigorous, credible standard for
specifically interdisciplinary environmental research. CIJE is a multidisciplinary journal,
publishing research on the pollution taking place in the world due to anthropogenic activities.
CIJE welcomes submissions that explore environmental changes and their cause across the
following disciplines like atmosphere and climate, biogeochemical dynamics, ecosystem
restoration, environmental science, environmental economics & management, environmental
informatics, remote sensing, environmental policy & governance, environmental systems
engineering, freshwater science, interdisciplinary climate studies, land use dynamics, social-
ecological urban systems, soil processes, toxicology, pollution and the environment, water
and wastewater management, etc.

We invite authors to contribute original high-quality research on recent advancements and
practices in Environment Management. We encourage theoretical, experimental (in the field
or in the lab), and empirical contributions. The journal will continue to promote knowledge

and publish outstanding quality of research so that everyone can benefit from it.

Er.D. S. Mali
Editor, CIJE

U
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Water Resource Management

Anuradha Gaikwad Madhura K Mane Dr. Bindu Menon
Chhatrapati Shahu Institute of Chhatrapati Shahu Institute of Chhatrapati Shahu Institute of
Business Education and Research,  Business Education and Research,  Business Education and Research,
Kolhapur, India Kolhapur, India Kolhapur, India
Abstract

Water resource management is a critical component of addressing global environmental and socioeconomic
challenges. The growing demand for freshwater, coupled with the impacts of climate change, and has made the
sustainable management of water resources an urgent priority. This abstract provides a literature review of the key
issues and strategies in water resource management. The article delves into issues like water resource
management, integrated water resource management, water footprint, environmental flows and importance of
water for the economic growth of the country. It gives an overview of the conceptual aspects of the above
mentioned elements of water resource management.

Key Words: Water Resource Management, Environmental Flows, Integrated Water Resource Management.

Introduction:

Water resource management has been defined by a variety of researchers, agricultural organisations and
Governmental agencies. Water resource management is the activity of planning, developing and distribution
system for managing the optimum use of water resources. Basically it comprises of water cycle management.
Ideally, water resource management planning has to do with the competing demands for water and seeks to
allocate water on an equitable basis to satisfy all uses and demands. Water has always been an important
commodity for the human civilisation. We know that all civilisations were initiated, grew and developed in the
vicinity of water and hence most of the ancient civilisations are also known as river valley civilisations for e.g.
the Nile Valley civilisation, The Indus Civilisation, etc. As man expanded his knowledge of science civilisations
moved away from water bodies and then were established across the length and breadth of the available land.
Increasing population and growth of modern day industries than began competing for available water and
management of available resources of water became extremely important.

Objective
The following article attempts to answer the questions

What is Water Resource Management?

What is Integrated Water Resource Management?

What is water footprint and its relation to water management?
What are environmental flows?

Research Methodology
The paper is based on reviews of various articles published in research journals as well on various websites, blogs,
etc.

An attempt has been made to understand the literature available on various aspects of water resource management,
integrated water resource management, its linkages with water footprints and environmental flows.

Water Resource Management and Integrated Water Resource Management

World Bank (WB) has defined water resources management. According to WB water resource management
includes the development of surface and groundwater resources for urban, rural, agriculture, energy, mining, and
industrial uses, as well as the protection of surface and groundwater sources, pollution control, watershed
management, control of water weeds, and restoration of degraded ecosystems such as lakes and wetlands—is an
important element of our lending, supporting one of the essential building blocks for sustaining livelihoods and
for social and economic development in general, (World Bank, Technical Note, 2003). Another WB document
says that Integrated Water Resource Management as Integrated River Basin Management (IRBM) aims to
establish a framework for coordination whereby all administrations and stakeholders involved in river
basin planning and management can come together to develop an agreed set of policies and strategies such
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that a balanced and acceptable approach to land, water, and natural resource management can be achieved
(World Bank, 2006).

According to the Policy document (2012) on water of Government of India -Water resources development
and management will have to be planned for a hydrological unit such as drainage basin as a whole or for a sub-
basin, multi-sectoral, taking into account surface and ground water for sustainable use incorporating quantity and
quality aspects as well as environmental considerations. All individual developmental projects and proposals
should be formulated and considered within the framework of such an overall plan keeping in view the existing
agreements / awards for a basin or a sub-basin so that the best possible combination of options can be selected
and sustained (National Water Policy, 2002).

Integrated Water Resource Management is another important issue which has to be addressed while considering
water management. It is a concept where all aspects and all stakeholders, their needs, environmental concerns are
to be addressed. Water especially in form of rivers is an extremely complex commodity to be managed. Purely
technical solutions as were initially designed and implemented by technocrats can’t alone address all the concerns
raised their in. One has to factor in various competing stakeholders and activities each of which is equally
important for the country. Environmental and ecological concerns are equally important and have to be addressed
while managing water resources.

Egemen and Aras (2009) have stated in their paper that as the demand of the society with respect to both
ecological and chemical quality of specific River reaches, its use and protection increases, it leads to new views
and strategies towards policy for river basin management. Akpabio (2007) has reported that integrated water
resources management involves the co-coordinated development, allocations, use and management of water, and
related natural resources in order to meet present and future human needs whilst maintaining the functioning of
vital ecological systems. Integrated Water Resources Management (IWRM) has been defined by the Global Water
Partnership (GWP) as "a process which promotes the coordinated development and management of water, land
and related resources, in order to maximize the resultant economic and social welfare in an equitable manner
without compromising the sustainability of vital ecosystems" Over the last decade’s river basin management has
become increasingly complex.

Gupta (2001) states in his article on Integrated Water Management that till very recently the Planning Process
was dominated more by considerations of economic development. There was very little attention paid to the effect
on social and cultural systems and the natural environment which today is not the case. Even today economic
considerations are at the forefront while planning for water management. However, one can find alternatives to
the problems being faced due to the current system of water management.

The Sydney Catchment Authority - Catchment Management Report 2007-2008 basically talks about
practices for catchment management. Information about following aspects is collected: extent of gully and soil
erosion, extent, type and condition of land cover and use, condition of native vegetation, condition of riparian
vegetation, extent and severity of wildfires and hazard reduction burns, biomass of potential fire fuel loads, extent
of priority weed species. In the past no such system or procedure is found in India to manage either water or land
resources. Thus it becomes very difficult to scientifically evaluate the efficiency of water management in India.

Environmental Flows
Environmental flows are the quantity, timing, and quality of water flows required to sustain freshwater and
estuarine ecosystems. They are also known as instream flows or instream flow needs. Environmental flows are
managed changes in a river's flow pattern that aim to mimic the natural flow pattern. They are intended to maintain
or improve river health.

Environmental flows are important because:

1. They sustain freshwater, estuarine, and near shore ecosystems.

2. They sustain the human livelihoods and wellbeing that depend on these ecosystems.
3. They provide locations for religious ceremonies, recreation, and aesthetic value.

4. They generate income and food, and provide a safe place to live.

As such Environmental Flows is an aspect that requires attention while planning for integrated river basin
management is the requirement of environmental flows or e flows of a river basin. In their paper on altered river
flows, Bunn & Arthington (2002), have explained impact of altered flows on river ecology. Their paper basically
discusses the impact of altered flows on aquatic life. Fish are one of the major species in any water body that are
directly associated with livelihood concerns. According to a report by Kelkar and Kelkar carried out in 1956
there were 71 species of fish in the Panchaganga river but as of now as per the fishery department statistics only
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29 species are found out of which 5 species are exotic. Decrease in number and variety of fish would have a direct
impact on livelihood of the fishing community and this aspect will be brought out in the study. It is also essential
to understand that livelihood of people residing in river basins is more directly dependent on the river water (both
in terms of quantity and quality) as compared to residents of towns and cities. Specifically, it is essential to
understand whether there exists any relationship between the socio-economic development of an area and its
proximity to water.

Revisiting frameworks such as IWRM to resonate with these new complexities of water usage are important.
Moreover, stronger, better and more efficient interlinked institutions will be required to handle the increased level
of complexity (UN Jobs and Water 2016).

The United Nations Department of Economic and social Affairs came out with Status Report on ‘The
Application of Integrated Approaches to Water Resources Management’ on the issue of water management and
this is what they have to say: 54% of Very High Human Development Index (HDI) countries, 44% of medium
and high HDI countries and 24% of low HDI countries reported high economic impacts from integrated
approaches to water resources management (2002). The Status Report on The Application of Integrated
Approaches to Water Resources Management’ 2012 further gives findings from analysis of 180 countries on
application of Integrated Approach to Water Resources Management in those countries. One of the findings
specifies that legal frame work is available in 79% of countries with changes in their water policies. The change
however is not translated into actual implementation at ground level. India falls into the medium HDI country as
per the 2012 UN report. The progress of implementation has been slow or has even regressed in low as well as
medium HDI countries. So when we look at ground level at India we still find that there is a lot that needs to be
done to implement approach of Integrated Water Resource Management.

Gupta (2001) states in his article on Integrated Water Management that till very recently the Planning Process
was dominated more by considerations of economic development. There was very little attention paid to the effect
on social and cultural systems and the natural environment which today is not the case. Even today economic
considerations are at the forefront while planning for water management. However, one can find alternatives to
the problems being faced due to the current system of water management. It would be interesting to find out the
impact of water availability on the economic growth and development of the country.

Thus one can see that Water Management basically talks about a holistic approach involving social, economic and
environmental concerns. The concerns of all stakeholders are to be addressed so that their needs can be addressed.
At the same time the needs of environment and sustainability are also to be taken into account so that a balance
can be sought between the human needs and environmental needs of water. However, when we look at present
systems of water distribution and management in India we find an absence of any such approach. Though the
Indian Water Policy 2012 of Government of India mentions various uses of water and its allocation we don’t find
it being implemented at the ground level. The earlier approach to management of natural resources was more
economically oriented with the assumption that all resources on the earth are meant to be exploited for human and
human needs only.

The researcher has not been able to find any literature in India which shows the implementation of a holistic
approach water resource management in its true sense. An attempt will be made to show relation between land
management, cropping practises and rise in socio-economic indicators. In economics, the Dutch disease is the
apparent relationship between the increase in exploitation of natural resources and a decline in the manufacturing
sector (agriculture). The mechanism is that an increase in revenues from natural resources (inflows of foreign aid)
will make a given nation's currency stronger compared to that of other nations (manifest in an exchange rate),
resulting in the nation's other exports becoming more expensive for other countries to buy, making the
manufacturing sector less competitive. While it most often refers to natural resource discovery, it can also refer
to "any development that results in a large inflow of foreign currency, including a sharp surge in natural resource
prices, foreign assistance, and foreign direct investment"”. Water as a natural resource does not come under this
category as there is no question of exporting water like other commodities.

Environmental Sustainability

The study of water management started from early 1990’s. The concept of sustainability was introduced by the
Brutland report in 1987. The term was used by the Brundtland Commission which coined what has become the
most often-quoted definition of sustainable development as development that "meets the needs of the present
without compromising the ability of future generations to meet their own needs (Report: Our Common Future,
1987). Sustainable development ties together concern for the carrying capacity of natural systems with the social
challenges facing humanity. As early as the 1970s "sustainability” was employed to describe an economy "in
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equilibrium with basic ecological support systems (Zuo Qi Ting, et, al. 2007). In 1996, the Working Group of
the International Hydrological Program (IHP) of UNESCO defined sustainable management of water
resources as “The management and use of water that supports society and its well-being into the indefinite future
without degrading the integrity of the hydrological cycle or the ecological systems that depend on it”.

The perceptions of what is required for sustainable water resources management and sustainability science in
general have undergone major changes over the past decade. Initially, water resources management followed an
instrumental “prediction and control” approach, dominated by technical end-of-pipe solutions (Pahl — Wosti,
2008). The author basically explains how the learning through trials has brought about the present understanding
of the concept of sustainable management. The European Water Framework that came into existence in 2000
also set up innovative measures in the European Society. These are:

e Anintegrated approach expanding the scope of water protection to all waters, surface waters, and
groundwater;

e The hydrological principle where water management is based on river basins;
e The obligation to achieve a “good status” by 2015;

e A “combined approach” of emission limit values and quality standards;

e  Getting the prices right by introducing the principle of cost recovery;

e  Getting citizens involved more closely by prescribing public participation in the development and
implementation of the WFD.

In India most of the systems of water management seem to be based on the Tennessee Valley Authority (TVA)
approach of United States where the focus was more on compounding and distribution of water rather than
sustainable water management (Tortajada, 2001).

Water Footprint

Traditionally the terms ground water and surface water have been used to denote water present in aquifers and
rivers (also rivulets, streams, ponds) respectively. Of late two new concepts the green water and blue water have
come into existence. Both surface water and ground water are denoted as blue water while water present in
evapotranspiration cycle (water present in trees, crops and other vegetation) has been termed as green water
(Taiekan OKki, et al, 2006). The water foot print of various nations has been calculated using data from 1997 —
2001 for all nations. The global average water footprint is 1240 m® / cap / yr. the water footprint of India is 987
m3/ cap / yr ie. 14 % of the world water usage. In fact India forms a group of select eight countries (China, USA,
the Russian Federation, Indonesia, Nigeria, Brazil and Pakistan) that consume 50 % of the world’s water supplies.
A break up of the water footprint in terms of consumption of water shows that highly developed countries use
more water for production of industrial goods while in a country like India 92 % of water is used for consumption
of agricultural goods (Hoekstra, Chapagain, 2007). One of the objectives is to study water consumption of the
people for irrigation in the study area. Hence an understanding the concept of water footprint is essential to
understand and analyse water consumption patterns of irrigation. Another fact is that increased water usage leads
to increased economic growth (Hoekstra, 2004) and impacts the water footprint of a nation. Calculation of water
footprint at a district level would be difficult but the researcher intends to try to understand the water consumption
in terms of the water footprint concept.

Traditionally the terms ground water and surface water have been used to denote water present in aquifers and
rivers (also rivulets, streams, ponds) respectively. Of late two new concepts the green water and blue water have
come into existence. Both surface water and ground water are denoted as blue water while water present in
evapotranspiration cycle (water present in trees, crops and other vegetation) has been termed as green water
(Taiekan OKki, et al, 2006). The water foot print of various nations has been calculated using data from 1997 —
2001 for all nations. The global average water footprint is 1240 m* / cap / yr. the water footprint of India is 987
m3/ cap / yr ie. 14 % of the world water usage. In fact India forms a group of select eight countries (China, USA,
the Russian Federation, Indonesia, Nigeria, Brazil and Pakistan) that consume 50 % of the world’s water supplies.
A break up of the water footprint in terms of consumption of water shows that highly developed countries use
more water for production of industrial goods while in a country like India 92 % of water is used for consumption
of agricultural goods (Hoekstra, Chapagain, 2007). One of the objectives is to study water consumption of the
people for irrigation in the study area. Hence an understanding the concept of water footprint is essential to
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understand and analyse water consumption patterns of irrigation. Another fact is that increased water usage leads
to increased economic growth (Hoekstra, 2004) and impacts the water footprint of a nation.

Water and Economic Growth

A document prepared for the HSBC by Frontier Economics explores the relationship between water and economic
growth. It says that that an investment of 3.06 million US dollars in access to water and sanitation would give an
annual potential economic gain of 5.2 % in terms of percentage of GDP. The cost benefit ratio is 3.2 and the
payback period would be 7.0 yrs. It further states that while calculating the World GDP of top ten most populated
river basins two: The Ganga and Krishna are from India. The Krishna Basin (of which Panchaganga is a major
tributary) has 1.3 % of the world population and the GDP from this basin is 0.2 % of the World GDP at 2010
figures. The blue water footprint as a percentage of natural runoff in the Krishna Basin is 17, 59,152 cubic meters
per month. Agriculture is responsible for 92 % of the total water footprint in the world while drinking water and
industrial usage accounts for the remaining 8 % (Hoekstra et el, 2012). It is quite obvious that productivity of
agriculture is dependent on water resources and an attempt has been made to find the relationship if any between
the availability of water and the increase in economic indicators.

A UN report titled ‘Water and Jobs’ states that water is an enabler of economic activity. As such effective
management of water supply is a key element that should be incorporated into national employment Policy.

Scarcity of water could negatively affect growth (Barbier, 2004). This is of paramount importance in agro-based
economies like India. Proper utilisation of water can take place only through proper, holistic and sustainable
management of water resources. The quantity of land available for agriculture is limited. It can be reduces if
agricultural land is used for other purposes or it can increase if forest land or other barren land is brought under
cultivation. One way of increasing agricultural with the same amount of land is to go for multiple crops on the
same land. Obviously this would require stored water in rain fed areas for irrigation. Brown 2006 says that
countries with a higher Seasonal Storage index (SSI) have higher GDP. India has a SSI of 356.6 and GDP of 555
US dollars (Year 2003)

In all industrial countries, the flows of almost all major rivers are regulated and managed, storing water for
multiple uses, reducing peak flows, increasing low flows and protecting water quality, thus reducing the risk of
water-related shocks and damage, increasing the reliability of water services for production, and reducing other
negative impacts, such as disease (Gray 2006).

Water and economic growth are linked to each other and as such scarcity of water would lead to lack of growth
and development. It obviously would then lead to lowering of the values of social indices of socio — economic
development. The relation between water scarcity and has been well established (Grey, Sadoff, 2007). The water
management and water utilisation therefore needs to be studied. Water is a finite resource and one can only
improve efficiency of yield using various techniques of irrigation but one can’t per say increase the quantum of
water. The supremacy of drip irrigation with respect to water efficiency and productivity has been well established
(Narayanmurthy, 1997). One of the objectives therefore relates to whether the farmers in the study area use this
method and if they don’t their reasons for not using drip irrigation.

Conclusion

Thus in order to understand water resource management in a holistic perspective it is essential to incorporate all
aspects while designing and maintain systems and processes that manage water as resource. Need of water for
human development is essential and one can’t imagine life (no matter how advanced or modern) without adequate
requirement of water. Trying to manage water without understanding various ecological, geographical, economic
and hydrological perspectives would be disastrous to environment and the human life dependent on that very
resource for its survival.
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