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Bharatam Mahabharatam
Ganga Narmada Punya Teertham
Sindhu Saraswati Kaveri
Jeevana Kaarana Moola Tatvam
Nadi Raashtrasya Maha Amritam
Bharatam
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Bharat — The Great Land
The land with the pure waters of
Ganga, Narmada, Sindhu, Saraswati and Kaveri
Where water is seen as that element which
is the basis and the source of all life.
Rivers are the lifelines of this
nation — Bharat



Thisdocumentisabouttheaugmentation
of river waters. The health and life of the river
as a living entity is the prime concern of this
document. How river waters are put to use
for hydroelectricity generation, agriculture,
waterways, etc is not within the purview of

this draft. The exploitation of the river as a
source of economic and human well-being
must come fromascientificbasisand not from
emotional or political considerations. This
effort is towards preserving and revitalizing
India’s rivers. All concerned should join
hands in this effort.




Preface
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My engagement with mountains, forests and rivers goes back to my
early childhood - not just in terms of nature and its resources that one
enjoys, but as experiencing them as an integral part of myself. With four
truck tubes and bamboo poles tied together, I have traversed the river
Kaveri for 13 days alone. I saw the river as a life much larger than myself.
People like you and me come and go, but the river has flowed for millions
of years and sustains life in proportions that you cannot imagine. A river is
not a resource to me; it is an immense Life. The very nature of our existence
is such that literally three-fourths of our body is water. So water is not a
commodity — water is life-making material. When it is in this body, how
much of attachment we have towards it! When it is flowing out there, why
are we treating it any differently?

In the last 25 years I have been watching with concern, the gradual
depletion of river flows across the country. The flow is not one year up and
one year down, but steadily, gradually depleting. Last year this depletion
has taken a very steep downturn. If our rivers deplete like this in our own
lifetime, we are clearly making a statement that we are not interested in the
future of our children, in the wellbeing of future generations in this land.

I am not a scientist and have no appropriate scientific knowledge
or words to articulate this. But in my simple observation, I see it is lack
of vegetation and excessive groundwater exploitation that have together
wrought havoc upon our rivers. When there is not enough vegetation,
especially in a tropical climate, the soil will turn into sand. Soil and rivers
are deeply connected. If we deplete our soil, we will also deplete our rivers.
This is what has happened to us today — our water bodies have depleted and
our soil is degraded.

The greatest achievement in this country has been that our farmers
— without much infrastructure, without any science, with just traditional
knowledge —have been able to provide food for 1.3 billion people of this
nation. But depletion of organic content in the soil and inadequate water






has driven our farmers to a corner and suicides are becoming common. If
you and I were asked to produce food from a land with no fertility and not
enough water, we would also be driven to do the same. The farmer, who
gives us food, who nourishes our life, is barely nourished himself — and his
children are starved. How can we walk with our heads held high when we
know that the one who provides food for us is starved to a point where he
wants to take his own life? This is a point of great shame. I put my head
down in shame, because somehow we have not been able to take care of this.

The majority of the population in the country is involved in farming.
There is a phenomenal amount of knowledge in the farmer because of
a history of 8000 to 12,000 years of agriculture. There is a samskara of
agriculture in them. It is not just hard work — there is a knowledge that we
have taken for granted. Only less than 15% of farmers wish for their children
to get into farming. If we do not create the right situation for them, if we do
not harness this knowledge now, it may be lost forever. Using our farmers’
traditional knowledge in improving soil, augmenting the source of water
by vegetating the land in all possible ways, and managing water use with
appropriate modern technologies, is the way forward.

The solution we are proposing is that for at least one kilometer-width
on either side of all major rivers, and at least five hundred meters for smaller
rivers, the land must have tree cover. The land should be under shade so that
organic material in the soil can build up. Only then will the soil retain water
and allow it to percolate into the river. Where the government owns the
land, afforestation is a must. Where farmers own the land, it must transition
from regular crop farming to tree-based agriculture. This shift is a better
economic proposition for an Indian farmer, as it can multiply his income at
least 3 to 5 times.

This Draft Policy Recommendation is an effort to make the solution
into an economic policy with significant ecological impact. It is an outcome
of our consultation with specialists from various fields of expertise and
experience, taking into consideration the interest of all stakeholders: the
first and foremost stakeholder being the river; then the life sustained by the
river; then the farmer; the larger community; and the governments — state
and central. Making this into an implementable and enforceable policy is the
prime goal. The scientific team or I myself shall always be available to clarify
any aspects that need elaboration.

Over millennia, for generations, our rivers have embraced us and
nourished us. A time has come when we have to embrace and nourish our
rivers. It is our humble hope that the needed legislative and administrative
steps will be taken as per our suggestions and will be made into a mandatory
law. Let us move towards making a law that will treat our rivers, water
bodies and soil as National treasure.

~ Sadhguru
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DRAFT POLICY RECOMMENDATION

1. PREAMBLE

Rivers have been the origins of the earliest human civilizations. They
have etched their paths, cutting through rocky terrain to create fertile
floodplains. Being home to a wide range of biodiversity, the rivers have
assumed a distinct identity as ‘life givers’ across the world. What’s more,
rivers in India have a significance beyond economic wellbeing — as they
are inextricably intertwined with our cultural and spiritual heritage.

In the past few decades, our rivers have been depleting drastically
due to various factors like over-extraction, deforestation, pollution
from point and non-point sources, and climate variation (increasing
temperatures and differential precipitation patterns). Major rivers are
rapidly shrinking, and many perennial rivers have turned seasonal, not
even reaching the oceans for many months of the year. Godavari has
shrunk by almost 20% from historical flows. Kaveri has shrunk by 40%,
while Krishna and Narmada have shrunk by 60%.! According to estimates,
by 2030 we will have only 50% of the water that we need for our survival.
Further, 25% of India is becoming desert. As compared to 1947, we have
about 25% water per capita available today. Rivers meet one-third of the
total irrigation and twenty percent of the drinking water needs of the
country.> Groundwater and other water bodies/resources that meet the
rest of our water needs, are already over-stressed across the nation and
are being over-utilized at an alarming rate. Twenty-two out of thirty-
two major Indian cities deal with daily water shortages. Water scarcity
and drought has become a reality for today’s generation in India.? In case
priority action is not initiated to enhance water supply and reduce over-
exploitation of our water resources, in another fifteen to twenty years’
time, the country may face a severe water and food crisis.

Recognizing this crisis, the Government has launched programs
like Namami Gange and Namami Devi Narmada to improve the state of

1 Gupta, Harish, Shuh-]Ji Kao, and Minhan Dai. “The role of mega dams in reducing sediment fluxes: A
case study of large Asian rivers.” Journal of Hydrology 464 (2012): 447-458

2 Improving Water Security in India, India Policy Paper, OECD, Link: https://goo.gl/8qpGU9

3 A Quarter of India’s Land Is Turning into Desert, Scientific American, Link: https://www.

scientificamerican.com/article/a-quarter-of-india-s-land-is-turning-into-desert/

_~—=29
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rivers. However, what are now needed are large-scale interventions that
seek to protect and revitalize our riverine ecosystem. Given the state of
affairs, what is desirable is a holistic policy framework, focusing on river
revitalization that combines source augmentation and conservation of rivers.
This needs to happen both at the national and state government levels.

Furthermore, such an effort to revitalize rivers needs to happen in
conjunction with improving the livelihoods of riverine communities. This
will ensure ownership and economic benefits for the community, leading
to an effective protection and conservation of the river in the long run.

At the international level, India stands committed to the United
Nations’ Sustainable Development Goals (SDG) 2030, that lay stress
on “leaving no one behind”. A holistic policy framework aimed at
revitalizing our rivers and enhancing the livelihoods of riverside farmers
and communities will also help India achieve SDG 6 (Clean Water and
Sanitation), Goal 15 (Life on Land) and Goal 13 (Climate Action). It will
also have an important impact on other SDGs — in particular Goal 1
(Poverty), Goal 2 (Zero Hunger), Goal 3 (Good Health and Wellbeing),
Goal 8 (Decent Work and Economic Growth), Goal 9 (Industry, Innovation
and Infrastructure), Goal 10 (Reduce Inequality), Goal 11 (Sustainable
Cities and Communities) and Goal 12 (Sustainable Production and
Consumption).

Rivers need to be recognized as a ‘national treasure’. The protection
of rivers should encompass: a) ensuring full ecological/environmental
flows; and b) preserving biological, chemical and physical characteristics
of the water that protect the gene pool. Rivers need to be accorded due
place in India’s development agenda, since they support a sizeable
population directly and indirectly. Hence the demand to conserve and
revitalize our rivers becomes paramount. Revitalizing rivers and safe-
guarding the livelihoods of communities should be guided by robust
research and use of appropriate innovative technologies like remote
sensing/GIS, and data analysis.
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2. THE OVER-ARCHING IDEA OF RIVERSIDE AFFORESTATION

Revitalization of dying rivers is possible through riverside
afforestation. The proposed solution and policy recommendation is to
develop tree cover by planting trees for a minimum of 1 kilometer-width
along the entire river’s length on either side of the river. All public land
beside the river should be converted entirely into forest with native and
endemic tree species. In riverside farmlands, there should be a multi-
tier tree-based agriculture practiced for a minimum width of 1 kilometer
on either sides of the river. The agro-forestry in riverside farmlands is
suggested to encompass as a whole all villages that fall within the target
area, i.e. the minimum 1-kilometer lateral distance from the river. This
will ensure that a village functions as the unit of operation, thus applying
the 73" Amendment of the Constitution that empowers the village
panchayat as the most decentralized unit of self-governance.

Figure 1 illustrates how the proposed solution will translate into
increased water flow in the rivers.
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FIGURE 1: PHYSICAL PROCESS THROUGH WHICH TREES CONTRIBUTE TO
INCREASED RUNOFF AND BASE FLOW IN RIVERS
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The proposed policy recommendation is, in fact, an economic
program with a beneficial ecological consequence. The proposal
will primarily improve the condition of rivers while increasing
riverine farmers’ incomes, strengthening social inclusion, advancing
environmental sustainability, and ensuring inter-generational equity
of access to adequate water. It provides for a coherent framework with a
‘people centric’ approach, while drawing upon the National Water Policy
2012, National Environment Policy 2006, National Agroforestry Policy
2014 and National Policy for Farmers 2007. The policy also promotes
linkages with government schemes like: MGNREGA; Paramparagat Krishi
Vikas Yojana (PKVY); Pradhan Mantri Krishi Sinchai Yojana (PMKSY);
National Initiative on Climate Resilient Agriculture; National Mission on
Sustainable Agriculture (NMSA); Green India Mission (GIM); Skill India
Mission/Pradhan Mantri Kaushal Vikas Yojana (PMKVY); Pradhan Mantri
Gramin Digital Saksharta Abhiyan (PMGDSA); MUDRA scheme; and
others.

3. THE DETAILED RECOMMENDATIONS

Our rivers face challenges on two fronts — quality and quantity,
which need to be addressed simultaneously.

Revitalizing Indian rivers is essential to sustain ecosystem functions
and provides livelihood security for a large number of communities
dependent on them. Therefore, it will be essential that a river satisfies
the following two characteristics provided as the definition of a river
by the Government of India: aviral dhara — unhindered and unfettered
minimum flows; and nirmal dhara — an unpolluted flow. A solution should
be promoted that facilitates revitalization of rivers and their dependent
communities, while mitigating risks from pollution and misuse. This
notion is succinctly captured in the dual thought of needing both ‘Life for
River’ and ‘River for Life’:

Life for River: the dying rivers need a surge of life to protect them
from extinction
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River for Life: human beings and biodiversity need the river for their
survival and growth, and to secure livelihoods.

Consequently, the recommendations are divided broadly into four
categories and are detailed as follows.

3.1. RIVER REVITALIZATION

(a) Environmental Flows: A minimum environmental flow of water
till the sea coast — enough to sustain the flora and fauna in the
ecologically sensitive zones along the river — must be mandated
for every river under the Environment Protection Act, 1986.

(b) Ecologically Sensitive Zone: The minimum lateral distance of
1-kilometer from the river should be demarcated and declared as
an ecologically sensitive zone under the Environment Protection
Act, 1986, with do’s and don’ts prescribed to protect it.

(c) Saturation Model: For any work on a river to have the desired
effect, it has to be implemented along the entire length of
the river. Farmers in the mentioned target area should be
eligible to participate in the revitalization program and access
compensation or incentives irrespective of the size of their
land-holding.

(d) Production of Quality Planting Material (QPM) by Establishing
Nurseries: A tree-plantation activity of this scale, along the
entire stretch of a river for hundreds of kilometers, will require
millions of QPM to ensure optimal economic returns.

(e) Declaration of Floodplains to Be Chemical-Free Zones:
According to the Government of India’s definition of a river,
“nirmal dhara”, or unpolluted flow, is compulsory. Therefore, use
of chemicals for cultivation on target areas should be prohibited,
in order to ensure good water quality in the river.

(f) Identification, Delineation, and Notification of River Lands:
The area encompassing the river and its surrounding land that is

_~=29
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part of the riverine ecosystem must be demarcated. Additionally,
clear responsibilities need to be delineated for any institutional
entity that maintains or manages the river, so as to function
effectively.

(g) Regulatory Framework: Effective implementation of an
appropriate regulatory framework must happen, to control river
pollution — both point source (e.g. industrial sewage), and non-
point source (e.g. agricultural runoff) — and prevent misuse
of riverbeds by unsustainable sand mining. The former can be
addressed by incentivizing adaptation of wastewater treatment
technologies and heavy dis-incentivizing of polluters. For the
latter, building and construction regulations can mandate use of
alternatives to river sand like manufactured sand (M-sand) for
work on areas larger than a designated size (e.g. 3000 sq. ft.),
which is decided by the concerned authority.

3.2. COMMUNITY OWNERSHIP

(a) Participative Planning Along with Gram Panchayats and Urban
Local Bodies: With the Constitutional mandates of the 731
and 74" Amendments, both Panchayati Raj Institutions (PRI)
and Urban Local Bodies (ULB) are responsible for the overall
wellbeing of the people, and the environment of their political
jurisdiction, respectively. It has been observed in the past that
large-scale projects undertaken with participation from the
local government bodies have been quite successful. PRIs and
ULBs should be given the mandate to implement the policy
recommendation and facilitate community participation in the
decision-making process.

(b) Institutionalization of Riverine Farmers through Farmer
Producer Organizations (FPO): The biggest bane of India’s
farming community is its lack of organization. By facilitating
this organization through FPOs, the government can seamlessly
provide and implement schemes to these large groups. FPOs

16 Clae
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also give farmers the strength to participate in markets, as their
graded and aggregated produce will now become substantial in
quantity.

(c) Behavior Change Communication to Stakeholders: The proposed
solution of large-scale tree plantation of native and endemic
species in public land, and multi-tier tree-based agriculture in
farmlands, must take into consideration all the stakeholders. Every
individual who consumes water is a stakeholder in revitalizing
rivers. Stakeholders must undergo a change in mindset and take
up their respective responsibilities in this process: farmers and
tribal communities have to plant the trees; consumers must use
the fruits/produce; government departments have to facilitate
implementation; and industrialists must build partnerships
with FPOs. A persistent, recurring, long-term behavior change
communication is required.

3.3. DE-RISKING FARMERS
(a) Financing and Risk Insurance:

(i) Compensation of notional loss of farmers’ income:
Transitioning to multi-purpose/fruit tree cultivation involves
a loss of income for the farmer until there is commercial yield
from the trees. Therefore, the farmer’s notional loss of income
should be suitably compensated. This compensation should not
be viewed as a subsidy but as an investment, through which
the farmer will benefit from attractive financial returns and
livelihood security in the years to come.

(ii) Financial linkages through existing government schemes/
programs or financial institutions/banks need to be facilitated
to help farmers transition from annual crops to multi-purpose
trees and fruit-tree cultivation. This financial assistance, in the
form of low interest or zero interest loans, is required to help
farmers adapt to the practice of intercropping (which will reduce
the transition period and income loss).

_~=29 v
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(iii) Compulsory Fruit Crop and Livestock Insurance: We need
to protect the farmers from unforeseen risks. Therefore,
farmers must have crop and livestock insurance as a qualifying
parameter for applying for the scheme. During droughts
and other difficult times, livestock play an important role
in augmenting the farmers’ subsistence. Hence integrating
livestock management and insurance will provide a safety net
for the farmers during the transition period.

(b) Facilitating and incentivizing the transition from a chemical system
of farming to non-pesticide management, and finally to totally
organic farming, must happen.

(c¢) Training and exposure to help smoothen the transition from annual
crops to trees plantation, and from inorganic to organic farming, will
improve productivity, harvesting, grading, value addition, as well as
facilitate formation of FPOs and marketing through the FPOs.

(d) Mandatory Practice of Micro-Irrigation: Micro-irrigation has been
proven effective in reducing water consumption and increasing yields
of produce in horticulture plantations. As this river revitalization
solution intends to augment the source of water, micro-irrigation is
an important intervention that prudently manages the water demand.

(e) Institutional Setup to Provide Certification of Organic Produce:
Looking at it through a larger vision, farming must provide safe
food for the country. It is important for the government to aid in the
transition from chemical farming to organic farming through group
certification of the farm and its produce. Keeping native livestock
on the farm is an essential requirement in this transition. The
government should facilitate livestock ownership if required.

(f) Branding and Marketing of Graded and Value-Added Produce:
The government and industry (in PPP mode) need to develop clear
branding and marketing strategies for the yield of fruits, and for the
processed value-added fruit products.
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(g) Food Parks (Hub and Spoke Model): We recommend the setting up of
a ‘hub and spoke’ configuration — with the processing units being the
hub; the pre-processing centers being the spokes at the village cluster
level, and the collection centers the spokes at the individual village
level. We recommend that the village and cluster level operations be
managed by FPOs, while the processing units be managed by industry.

(h) Online Platform: We recommend that online platforms be made
available to farmers to: i) facilitate certification of produce; ii) provide
seamless access to government schemes; and iii) obtain crop and
livestock insurance. A case in point is the crop insurance given to
farmers of Rajasthan through an online portal, which saw historically
high registrations within two months of the portal’s creation.

3.4. COORDINATED INSTITUTIONAL FUNCTIONING

We must have convergence of all institutional activities through
a nodal agency for each river. This can happen through an appropriate
national level agency, and a key state level coordination agency. The
following key aspects would need to be taken care of:

(a) A single window support system for a given farmer can be achieved
by establishing one nodal agency which will make the process very
efficient.

(b) ICT support like a Dashboard could be instrumental in tracking and
monitoring the progress.

(c) The program implementing team should be permanent for at least
10 years, so as to facilitate long-term sustainable implementation and
ensure accountability.

(d) A robust management and monitoring plan must be set up to
ensure and oversee the implementation of the provisions of the river
policy. An integrated river resources management should be fostered
through a group of stakeholders comprising of government officers,
elected representatives, community members, non-governmental
organizations, etc.

_~=29 1
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(e) Convergence must happen across various government departments/
agencies (Agriculture, Water Resources, Environment, Fisheries,
Rural Development, Pollution Control, Horticulture and others),
farmer co-operatives, consumer groups, private sector players,
NGOs/Community Based Organizations, elected representatives and
Panchayats. The Panchayat could be empowered to play a crucial role
in promoting the twin strategy of conservation and livelihood security.

(f) Collaboration for Reduction of Pollution and Misuse of Rivers:
Sewage, industrial effluent, non-degradable solid waste (especially
plastic), and non-point source agricultural runoff need to be regulated.
We have a regulatory regime in place for most of the sources of
pollution. Pollution is under the purview of Pollution Control Boards,
but on standalone basis they have limited impact. If the parent
ministries of the industries, Urban Local Bodies, or Panchayats do
not dis-incentivize the respective stakeholders from polluting, there
may not be effective reduction in pollution. Coordination between
the regulators (like the Pollution Control Board) and the Ministries of
Agriculture, etc. is needed to act on pollution. We suggest involving
private participation in sewage treatment so as to use the output from
the sewage as a product of commercial value. To finance this initiative,
a sewage treatment tax can be considered towards financial viability of
the enterprise.

4. CONCLUSION

Indian rivers need urgent nationwide attention to revitalize them.
In order to use rivers for economic or development purposes, they must
first flow. The intervention proposed in the policy recommendation is:
tree plantation for a minimum of 1-kilometer width along the entire
river’s length on either side of the river. The riverside land can be broadly
classified, based on ownership, as public land and private farmland.
Tree plantation on the public land can begin immediately; the scope
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of plantation need not be limited to the 1-kilometer lateral distance

from the river, but should be determined by the topography of the area.
To initiate tree plantation on farmland, the policy recommendation
covers different means to de-risk farmers, who form the majority

of stakeholders in these lands. To see the effect of this intervention,
governments can choose a contiguous stretch of 100-200 kilometers
along a river and implement the solution — like the state of Maharashtra
has decided to do on the Chandrabhaga River. The idea of a contiguous
stretch is now christened as a “saturation model”. A saturation model

is emphasized because the effect of tree plantation on rivers will be
visible and convincing for a farmer only when done on a substantial
scale. Further, the resulting visible changes and economic wellbeing for
the farmers will also inspire others to plant trees on riversides — thereby
becoming a peoples’ movement to revitalize our rivers. Every inch of land
can act as a catchment and augment river flow and groundwater. We must
clear the misconception that only a certain valley in the upper riparian
region is a catchment. Hence, it is recommended to act quickly on the
revitalization of rivers, with every state planting trees in the target area
along a contiguous stretch of about 100 kilometers, as a precursor to a
saturation model.

_~—=29 =
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Note to the Reader

In this country, generations of experiential understanding of our
relationship with rivers shaped a culture which perceived rivers as living
entities. However, this traditional reverence for rivers has fallen on bad
times. Today we conduct rituals on the riversides while simultaneously
pumping sewage directly into the river. Our actions show that we have
forgotten the deep relationships our ancestors had with rivers.

The rivers of our nation are dying. All rivers are at a dangerous level
of depletion. In another 15-20 years’ time most of the perennial rivers will
become seasonal. If we do not act now, we as a nation may have to face a
civil strife of unimaginable proportions — one that results from having no
water for 1.3 billion people.

If we want our rivers to flow in their full glory once again, it is time
that all of us understand why our rivers are dying and work towards a
solution. With our rivers being forest-fed, we can revitalize our rivers
only by reviving forests. Thus, the Rally for Rivers campaign initiated by
Sadhguru aims to raise mass awareness in the country about the state of
our rivers so that concerted action can be taken. This can happen only
out of our collective and steadfast support — irrespective of our various
backgrounds and affiliations — towards a long-term solution spanning
20-25 years. If we fail to act now, the effort needed to revitalize our rivers
in the future will be multiplied manyfold. The sense of urgency is palpable
across the political leadership as for the first time, Chief Ministers of 16
states, hailing from different political parties, have taken to one cause —
saving our rivers.

The fundamental solution proposed for revitalizing our rivers is: tree
plantation on either sides of the river for the entire length of the river. In
all public land beside the river, the entire land should be converted into
forest with native and endemic tree species. In farmland, there should be
multi-tier tree-based agriculture practiced for a minimum of 1 kilometer
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stretch on either sides of the river. The technical sturdiness of this
solution has been vouched for by experts from various fields including:
policy making, hydrogeology, forestry, natural resource management, soil
science, horticulture, micro-irrigation, veterinary science, Farmer Producer
Organizations, agri-business, agri-marketing, senior level bureaucrats,
project financing, social behavior, farmers’ union leadership, health and
nutrition, and from the Food Safety and Standards Authority. While they all
gave feedback about different details of the solution — which we fine-tuned
accordingly — all were in agreement that the fundamental approach of tree
plantation is a feasible and effective solution.

Implementing this solution requires: mass awareness of the
problem among citizens; development of national and state level policies
detailing how to revitalize our rivers; and translation of these policies into
programs. This book articulates how to revitalize rivers — technically and
practically, based on certain fundamental principles, and also provides a
broad implementation framework.

The book is divided into four chapters along with a set of Annexures
that contain papers and contributions from many experts. The content
of the book draws from our experiences of tree plantation, bettering
farmers’ livelihoods and expert contributions (some of which are
presented in the annexures). The book is structured as — Chapter
1: Defining the problem and its root causes; Chapter 2: Assessing
the technical strength and appropriateness of the solution, i.e. tree
plantation and efficient irrigation; Chapter 3: A detailed techno-economic
plan of tree plantation for public and farm lands and the required policy
support system to assess the principle stakeholders in the adaptation
of a solution; finally Chapter 4: The implementation framework for the
techno-economic solution and the regulatory framework required to
control pollution and misuse.

CHAPTER 1: INDIAN RIVERS. This chapter describes the change in
people’s attitude towards rivers, from reverence to apathy, and the
reasons behind it. This change in attitude translated into action that
has been detrimental to rivers — deforestation on river banks, over-
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exploitation of groundwater, and pollution of rivers. Besides these, we
look at other factors that have further put stress on riverine ecosystems,
such as an increase in population and climate change.

CHAPTER 2: PRINCIPLES OF REVITALIZING RIVERS. In this chapter we
discuss the technical fundamentals of the solution that is proposed in the
book — the primary solution of tree plantation for source augmentation
and the secondary, micro-irrigation for demand management of
water use for agriculture. We begin by tracing the recent history of
the Integrated Watershed Management paradigm as an approach to
revitalizing rivers. We explore the strengths of this paradigm’s holistic
approach and also reflect on why, in all these years, it has not taken
off in a big way. Therefore, we propose source augmentation as the
primary approach to revitalizing rivers. We analyze how tree plantation
helps in source augmentation by improving the rainfall pattern and
recharging groundwater aquifers. The role of trees in preventing soil
erosion and enabling runoff into the river during the dry season is also
assessed technically. Other effects of tree plantation on climate change
and their ability to sequester carbon and stabilize local environments is
discussed in subsequent sections. One section of this chapter is Efficient
Demand Management. Although a demand management paradigm does
exist for domestic, industrial and agricultural water use, it has not been
implemented in a full-fledged manner. In particular, irrigation water
use (which amounts to 80% of water use) has not been efficient. Flood
irrigation is still a common practice across the majority of farmlands.
We suggest micro-irrigation as a more efficient method and explain
technically how it reduces water demand. Change in cropping pattern
from regular farming to tree-based agriculture also saves water. The
effect of micro-irrigation on the yield of produce is discussed in the
next chapter as a characteristic of the sample techno-economic model
suggested.

CHAPTER 3: WATER-EFFICIENT TREE PLANTATION. The title spells out
the solution to revitalizing rivers, and is technically explained in detail
here. This solution is broadly divided into two parts: first, tree plantation



Revitalization of Rivers In India Draft Policy Recommendation id,w

on public land that lies (to the maximum extent possible) beside the
rivers; and second, tree plantation on farmlands. The solutions proposed
for both public land and farmland are generic. Along with the technical
solution, we also look at the specific policy interventions that need to
happen to facilitate the technical intervention for stakeholders. These
are called “policy ecosystem conditions”. There are some common policy
ecosystem conditions for the public and farm lands and some specific
ones for the farmland. These policy ecosystem conditions are detailed
before going into the techno-economic solution for each category of land.
They have been suggested to support and financially de-risk a farming
community’s transition to tree-based agriculture. The characteristics and
economics of a sample agro-forestry model for farmland, in comparison
to that of a land tilled for annual crops, is detailed to illustrate the
possible income change upon transitioning to tree-based agriculture.
Organic multi-fruit crop plantation along with drip irrigation are two
major characteristics of the sample model discussed here. The setup of
Farmer Producer Organizations (FPOs) is another major policy ecosystem
condition for de-risking farmers. We elaborate on the role FPOs can play
in organizing farmers and the different income generation avenues they
can tap. Case studies are shared throughout the chapter to substantiate
the solutions detailed for both public and farm lands.

CHAPTER 4: CONSERVE AND USE - AN IMPLEMENTATION FRAMEWORK.
This chapter presents all the different actors (farmers, tribals, industries,
citizens / fruit consumers) and institutions (all government ministries
or departments relevant to the proposed solution) that have to work
together in the implementation of tree plantation for revitalizing rivers.
It maps out the activities of the actors, as well as the institutional support
they need, to accomplish what they must do. Additionally, the chapter
details the policy ecosystem conditions required to facilitate coordinated
effort from different ministries and regulatory framework to restrict /
prohibit pollution and misuse of rivers.
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Chapter o1

INDIAN RIVERS




“A river is not just a resource
to be exploited, it is life.”

~ Sadhguru
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A CULTURE OF REVERENCE

ivilizations across the world have sprouted on the banks
of rivers. South Asia’s first cities were established around
2600 BCE in what is now northwestern India and further
west. The people who built and ruled these cities belonged
to what we today refer to as the Harappan Culture or Indus Valley
Civilization. Besides its namesake, the Indus River, the civilization may
have seen another major river run in parallel to the east. The northern
part of this lost river’s bed is usually dry now and is called “Ghaggar”

in India. A group of channels in this area is sometimes referred to as
“Saraswati”. Its lost banks are slowly being traced by researchers. Along
and within its dry bed, archaeologists are discovering a whole new set of
ancient settlements.!

Rig Veda? is one of the oldest texts of the Indian subcontinent.
Around 45 of its verses repeatedly speak of river Saraswati. She is
described as “great among the great, the most impetuous of rivers”.3
Whether the Saraswati was a real river that was lost to tectonic plate
movement or was a mythical one still remains a mystery, but the
reverence for rivers has undisputably been a tradition since the times of
the Rig Veda.

River Ganga, that now enjoys the status of “national river” was
worshipped as mokshadayini. Taking a dip in Ganga is believed to rid one
of all sins and sorrows. For ages, people from across this subcontinent
have been going on yatras to Prayag, Kashi and other cities on the banks
of Ganga, walking thousands of kilometers to pay their tribute to her.
The Kumbha Mela which happens every 12 years is celebrated at the
confluence of river Ganga, Yamuna and Saraswati (now believed to be
underground) at Prayag in Allahabad. Even today, there is deep faith
among Indians that if they take a dip in the confluence at Prayag during
the Kumbh Mela, they will attain mukti. One can behold in these Melas,
lakhs of people from all over the country, from all walks of life and the
economic spectrum — from the poorest to the richest — bringing their
belongings and travelling all the way to the Mela just to witness the
confluence and bathe in it. Ganga’s water is held sacred for its self-
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cleansing properties. Even British soldiers carried water from the Ganga
from India back to England as it remained “sweet and fresh” throughout
the long sea voyage.

All the places of origin of our rivers — Gangotri of Ganga, Yamunotri
of Yamuna, Amarkantak of Narmada, Krishnabai of Krishna, or Talakaveri
of Kaveri have temples built in honor of the rivers.

The many temples for rivers reflect the way these rivers were
perceived by the people of this country. The primary emotion a river
evoked was utmost reverence. A remnant of this feeling is still visible
today in the rituals of these temples and the aartis performed on the
rivers, such as the famous Ganga Aarti in Kashi. But the system of
practices that were followed in the past to nurture the river systems as
ecological entities is all but forgotten.
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THE TRADITION
OF "CONSERVE AND USE"

India’s spiritual ethos of reverence towards rivers ensured that
societies upheld the fundamental practice of using a resource only within
the limits of its ability to replenish itself in a short period of time. With
the rivers giving humans life-giving water, and humans, in turn, taking
care not to exploit the river to depletion, our relationship with rivers over
the ages has been one of interdependence.

The current exploitation of rivers cannot be blamed entirely on the
growth of our population or the development of our society over time.
Irrigation development can be traced back to prehistoric times in India.
Ancient scriptures refer to construction of wells, canals, tanks and dams
and their efficient operation and maintenance. Evidence of the use of
irrigation to produce food grains in the Indus Valley Civilization traces
back to over 5000 years ago. Most of the water needs were met from
surface water bodies and a small section of needs were met through
shallow aquifer wells. Small construction works harnessed river water for
irrigation. In Maharashtra, 3700 year old irrigation structures have been
found. In the Mauryan period it is recorded that farmers paid taxes for
irrigation water from neighboring rivers.> Poems were written on palm
leaves in the Sangam period which dates back to 150 BCE - 200 CE. In the
Sangam literature one finds mentions of paddy, which was cultivated even
in those times on the banks of Thamirabarani river. It is also recorded
that irrigation in Tamil Nadu grew during the Chola and Pandya Kings’
time (750-1300 CE).¢ The grand anicut across Kaveri was built 1800 years
ago and its basic design is still in use.

The emphasis on irrigation systems were initially on run-of-the-
river schemes. It then moved on to systems of storage through man-
made tanks called eries in Tamil Nadu and kalyanis in Karnataka and the
bedis and stepwells of Rajasthan. These storage structures were built to
hold the excess water from the runoff during rainy seasons, with the
remaining water flowing into the rivers. The technologies they developed
ensured that the water cycle was closed; there were no open loops.
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We as a civilization have lived sustainably well since the Harappan
times without the threat of depleting water resources, which we are facing
today. We were irrigating, conducting trade, using our water resource for
our daily needs, all of it reasonably well. So how did we reach the present
water crisis — drying up of rivers, ponds and lakes, and overexploited
groundwater? Before we try to understand this, it will be useful to have a
perspective on what rivers mean to human beings.
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RIVERS, ARTERIES OF OUR PLANET

NIRMAL AND AVIRAL

Rivers were always seen as living entities in our country. This
perception was not just an outcome of cultural influences, but was
supported by sound scientific understanding. It is just that our culture
has been oral and dialectic in nature and therefore the reasoning and
the science of it was lost over time as a number of invasions riddled the
country. Today, based on modern scientific studies and a more holistic
understanding of rivers and their ecosystems, the Government of India
has recognized the following as a holistic definition of a river:

A river is wholesome if it has the characteristic of “aviral dhara”
(continuous flow), “nirmal dhara” (unpolluted flow), geologic entity, and
ecological entity, across the basin in all seasons.”

Nirmal dhara means unpolluted flow. This requires tightening of
the pollution control norms and a coordination between the different
departments in charge of the waterways and pollution. Aviral Dhara,
meaning an unhindered and unfettered minimum flow, is to ensure that
the river flows continuously. This must be so, for the river flows for the
entire stretch of its length — from its origin until it meets another river or
the ocean. While the discussion on flow of rivers looks at their drying in
the plain or in the fertile zones, we miss the repercussions of their drying
up in the coastal regions. When the rivers dry up upstream and do not
reach the ocean, the coastal area aquifers slowly start to dry up. This leads
to salinity intrusion of the freshwater aquifers. Hence, aviral dhara is most
important.

This understanding has dawned upon us as a nation after we have
exploited our rivers to a very dangerous extent. Our rivers reflect a high
degree of disturbance from their pristine state. Dams have been built
extensively to create reservoirs for irrigation and hydropower, and
barrages built for water diversion. Human settlements, deforestation and
mining have degraded river catchments and increased sediment load in
rivers. Industrial and agro-chemical effluents, and domestic waste have
been discharged untreated into rivers.?
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All these disturbances have affected riverine biota. The composition
of species has changed and many species have become extinct. Out of 30
river basins in the world prioritized for protection of aquatic biodiversity,
nine are from India. They consist of: Kaveri, Ganga-Brahmaputra,
Godavari, Indus, Krishna, Mahanadi, Narmada, Pennar and Tapi.®
There has been inadequate appreciation of rivers as ecosystems, whose
ecological integrity depends upon their physical, chemical, and biological
characteristics and interactions with their catchment.

Environmental flow is the water regime provided within a river
to maintain ecosystems and their benefits where there are competing
water uses and where flows are regulated. “Environmental flows provide
critical contributions to river health, economic development and poverty
alleviation. They ensure the continued availability of the many benefits
that healthy river and groundwater systems bring to society”. In the
medium- and long-term, there will be disastrous consequences for many
river users if environmental flow requirements are not met."

Rivers have been used to meet human needs in varied ways. They
have been channelized for irrigation, used as waterways to transport
goods, and in recent times they are also one of the sources of freshwater
for industrial activities. It is important to understand that rivers do not
exist only to be exploited by human beings. It is human beings who are
dependent on rivers for their life on this planet. Therefore, it is important
to ensure that this precious source of freshwater is intact so that the
human species does not perish.

COMPONENTS OF RIVERS

It will be useful and important to understand technically why rivers
and their ecosystems are essential to human societies.

A river that we see as a huge gurgling stream or as a placid, wide and
long flowing water body, is a dynamic phenomenon. Rivers are not only
water bodies that meet human water needs, they are essential elements
for vast ecosystems, and for the health and survival of billions of people.®

Cla—e.
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Rivers are made up of their tributaries, which are fed by rivulets,
that are in turn fed by springs in deep forests, or large lakes or glacial
meltwater, or simply from rains that flow off the surface or that come
through rocks or man-made channels. Many times the water in the river
is also sourced from underground aquifers that may have a higher water
table than the river itself.

The volume of water that flows in the river comprises of the visible
volume of free water flow along with substantial sub-surface water flows
contributed by rocks, gravel and the river’s floodplains. For many rivers,
the sub-surface volume of water flow may exceed greatly the visible free
water flows.

Throughout its entire course, the river not only transports water
but also sediments and other micronutrients from the upper reaches of
the river to the plains. The plains are usually the food basket of any river
basin. The sediments and micronutrients have a very important role to
play in keeping these plains fertile.

The entire area from which water is drained into a river is called its
catchment, drainage basin or watershed. The channel through which a
river usually traverses is called the river channel. The water that flows
in the river is usually confined to that river channel. In larger rivers, and
rivers where the seasonal flow changes, flood waters overflowing from the
regular river channels create wider floodplains.Floodplains may be wider
than the river channels when the river hydrographs are not straight lines,
i.e. when there is marked variation in the quantity of flow over time.
Neither the floodplains nor the river channels are clearly demarcated
by Nature. The "100-year floodplain’ is the riverside land that has a 1%
probability of flooding in any year, and is one of the accepted measures of
demarcating a floodplain.

Flooding of any river is a natural part of a river cycle. It is a
mechanism through which fertile and nutrient-rich sediments are
transported into the plains.
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Rivers also are habitat to a wide variety of flora and fauna. The
diversity housed in riverine ecosystems range from species found
in torrential waterfalls through lowland mires to estuaries. Many of
these species play a vital role in cleansing the river as it traverses from
one settlement to another, thus maintaining the river quality at safe
standards. The ecosystems that have evolved on different sections of
the river have been responsible for stabilizing the river habitat and
its climatic conditions over millennia. They have evolved to resist the
shocks from natural calamities too. For example, in the aftermath of the
2004 tsunami, it was observed that the impact of the tsunami on coastal
communities wherever mangrove forests were intact, was significantly
less severe compared to those communities where the mangroves were
uprooted.

PHYSIOLOGY OF RIVERS

Rivers can be viewed as living entities that can become sick and die,
if not appropriately taken care of. Viewing a river as a living entity is not
merely rhetoric; there is a scientific explanation for this analogy.

In May 2017 the government of Madhya Pradesh moved to accord the
Narmada river the legal status of a “living entity”.*4 And earlier in April
2017, the Uttarakhand High Court declared Ganga and Yamuna and their
tributaries as “living entities having the status of a legal person”.”

A renowned scientist and aquatic ecologist, Professor Brij Gopal
of JNU, in an essay about river Yamuna in Living Rivers and Dying Rivers,
compares the river Yamuna and all rivers to living entities. He starts the
essay with this clear statement — “Living beings are characterized by their
function and homeostasis.”

All living entities function through transformation of energy
and nutrients through various physical and chemical processes. Each
organism differs in its ability to perform specific functions. Any organism
is a composite of different organs, but the function of the organism is
not just a composite of the functions of all its organs. And failure of an



Revitalization of Rivers In India Draft Policy Recommendation iS"‘G

organ or even a few cells of an organ impairs the functioning of the entire
organism.

Homeostasis, according to the Oxford Dictionary means:

“the tendency towards a relatively stable equilibrium between
interdependent elements, especially as maintained by physiological processes.”

Homeostasis is a dynamic equilibrium among living cells, among
organs, among organisms or an ecosystem under ever changing
environmental conditions. All organisms have a certain ability to handle
changes or disturbances in this dynamic equilibrium. The organisms have
a self-regulating ability to return to the previous equilibrium or come
to a new state of equilibrium. Another ability of organisms to withstand
adverse conditions without adversely affecting their functioning
or growth is called resilience. All ecosystems exhibit this ability for
homeostasis and resilience. But their capabilities are not limitless. And
every ecosystem has different ways to cope and adapt to the changes or
disturbances within an ecosystem.

Rivers, like all living beings, function and have their states of
homeostasis. But when we look up the meaning of a river, this is what
we get:

“a large natural stream of water flowing in a channel to the sea, a lake, or
another river”

It won’t be completely wrong to say that this rudimentary
understanding of rivers as just another resource, is one of the reasons why
we have used and exploited them across the world. We have abused the
rivers to a point where the disturbances we have caused to many riverine
ecosystems are irreversible.

People, to a great extent, are concerned with that particular
stretch of the river that they interact with. This applies to those who are
dependent on the river or live on its banks. But for city dwellers, a river
is just the source of water that comes from the taps. Others see rivers as
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waterways to transport goods, and still others view it as a resource to be
stored in some structure or whose flow will generate energy."”

Yet, it is crucial to have a look at the larger picture to understand
the importance of rivers. One of the most critical roles of a river is
that it carries water from precipitation to the ocean, thus closing the
hydrological cycle.

Along its journey a river changes its course, its temper, its attitude,
from its inception like a newborn baby in the snow-melts or in the forest
— until it meets the ocean as a mature elderly person.

The description of what a river as an entity is, given by Professor Brij
Gopal, is one of the holistic ones:

“Rivers are three-dimensional, dynamic ecological systems which depend
upon longitudinal, lateral, and vertical transfers of material, energy, and biota
that are determined by their specific flow regimes. The rivers change, over time,
in response to hydrological and biological processes and human interventions.
Each river has a characteristic identity based on the totality of its physical,
chemical, biological, and functional attributes.”

The quality and health of a river as an ecosystem is related to the
uninterrupted flow from its origin until it meets the ocean. This is its
longitudinal connectivity. It is also decided by the quality of interaction
with the landmass on either side of the river throughout its course. This is
lateral connectivity. The seasonal variation in flow will be determined by
natural climatic factors.

An important function of the river is its ability to assimilate waste
generated by human and other natural activity and convert it into input
for other organisms in the riverine ecosystem. Another function is to
transport materials and nutrients to downstream areas of the basin and
finally to the sea, where they support growth of mangroves and fisheries.

The high flows of rivers, especially in India, during the monsoons
distribute sediments along with organic matter and nutrients on
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floodplains. The floodplains also support the river flow throughout the
year by modulating the discharge into the river, providing a feeding
ground for biodiversity that lives in the riverine ecosystem, and
recharging groundwater aquifers interacting with the river.

FLOODPLAINS AND THEIR SIGNIFICANCE

The area on either side of a river that becomes part of the extended
river bed when the river floods is called the floodplain. The extent of the
floodplain is defined by the area a river would occupy in the event of a
100-year return flood.* This area should belong to the river, for the river
to survive and also for the larger human civilization to not perish. The
diversity of the ecosystem housed in a floodplain is sometimes 100 or
even 1000 times that of the river water ecosystem.

Floodplains are classified into active and passive floodplains. Active
floodplains are where the river is still free and there is no encroachment.
Passive floodplains are those areas where there is some human activity.
But these areas anyway get flooded if there is a high volume of water
flowing through river during very high floods.

Manoj Misra, known for his work on the revitalization of Yamuna, in
an essay on the importance of floodplains lists the following?©:

e  Floodplains spread water safely and harmlessly when it floods
e  Recharge groundwater aquifers connected to the river

e  Spread and deposit sediments brought down from the
catchment

° Provide heat sinks
° Provide fertile land for seasonal cultivation for farmers

e  Floodplains have been home to highly diverse organisms of the
river ecosystem

If the floodplains, both active and passive, are not maintained
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sustainably, all the above mentioned benefits will never be realized.
Rather the opposite effects will be seen to pan out — flooding of
habitations, drying of the underground aquifers, increase in average
temperatures, run off of fertile soil into sea rather than deposition into
seasonal farm lands and loss of biodiversity found in the floodplains.

e D,
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PLIGHT OF OUR RIVERS TODAY

When one looks at the state of the rivers of our country, it is
depressing and overwhelmingly complicated. The issues that plague our
rivers are not one or two — they are many. Our rivers are polluted across
the country, they are drying up in the summers, and there are inter-state
disputes over them. If we turn on any news channel, there is at least one
report on how floods or droughts are affecting some part of the country.
The current devastation of India’s rivers and water bodies, which support
the livelihood of hundreds of millions of people, is a precursor for the
gravest crisis of our times. Water resources and soil are being destroyed at
such a rate that in another few decades we may no longer be able to feed
or quench the thirst of the Indian population. When water scarcity hits
a land of 1.3 billion people the situation that emerges will be that of civil
strife. The images of women flocking to one well in a dry desert, or the
strikes and fights between Karnataka and Tamil Nadu are only brief hints
of what could happen if we do not attend to the state of our rivers.

A river should ideally remain ecologically healthy and biodiversity
rich throughout the year, i.e. during monsoon, lean, and non-monsoon
seasons with minimum but, differential flow. This minimum quantum
of flow with seasonal variations has to be ensured as that will keep
it rejuvenated. A river will remain rejuvenated when it is capable of
sustaining a healthy ecology and catering to the developmental and
livelihood needs of the people.

Death of rivers happens when the river ceases to function as a
resilient self-cleansing organism, which slowly begins to deteriorate.
Before we can call a river as a dead entity, the health of the river and its
ability to revive itself decides how near it is to its death. Many rivers in
India are gradually dying. Major Indian rivers have depleted dramatically
in a matter of just a few decades. Some rivers like the Palar have totally
dried up.>* Many other rivers have already changed from being perennial
rivers to seasonal rivers — reaching the ocean just for a few months a
year. This problem is as acute for the rivers of peninsular India as it is for
the rivers of northern India. The “lifeblood” of a river is its water flow
throughout the year. If one were to visualize rivers as trees, water and
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nutrients move from the topmost branches to the trunk, and then to the
roots which end up in the sea.>> Any human intervention that causes a
decline in flow or obstructs the flow impacts the health of the river and
could lead to its death. Another cause of the death of rivers is waste that
is dumped into the river that is more than the assimilative capacity of the
river.

Recognizing the perils before our major rivers, the government
launched integrated programs like Namami Gange (at the national level)
and Namami Devi Narmada (at the State level) with twin objectives of:
abatement of pollution; and conservation and revitalization of the river
ecosystem. Another major initiative, “Save the Yamuna” campaign drew
considerable attention to the plight of river Yamuna flowing through NCR
Delhi leading to enforcement of laws/regulations. Apart from these, there
are hardly any large-scale government initiatives that seek to protect and
nurture our riverine ecosystem. Such efforts need further strengthening
and support from all stakeholders given the stark facts below:

1.  Perennial major rivers are moving towards being seasonal.
Many of India’s minor river systems have vanished.>

2. For the 91 water reservoirs in India with recorded data by the
government, the average water levels in May 2016 have fallen
by 30% compared to the average levels over the last decade.*

3. Major rivers are rapidly shrinking. Godavari has shrunk by
almost 20% from historical flows. Kaveri has shrunk by 40%,
while Krishna and Narmada have shrunk by 60%.%

4. According to a report by the Water Resources Group, by 2030,
India will have only half the water it needs.?¢

5. 25% of India is rapidly turning into desert.?

6. The desertification of northern India is not far away. By 2050,
estimates suggest a 50% reduction in wheat yields, and the
resulting displacement of millions of people from what were
hitherto agricultural lands.?
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22 out of 32 major Indian cities deal with daily water
shortages.?

Delhi, Kolkata, Bengaluru, Chennai and Hyderabad - will be
under water stress (cities that use at least 40% of all available
water from watersheds).3°

And here are some specific examples on the state of some of India’s
major rivers:

1.

Ganga is one of the world’s 10 most endangered rivers.3* A
scientific study published in August 2015 suggests that the
felling of trees and destruction of other vegetation to make way
for urbanization and road construction has dramatically reduced
the flow of water. The depletion of natural water sources in the
last few decades is estimated to be 45 percent from Kumaon
region, 39 percent from Garhwal region, 47 percent from
Yamuna catchment area, 37 percent of Byans catchment area

in Himachal, and 37 percent natural water resources of Teesta
river catchment area of Sikkim.3>

The Ganga is the most threatened by water over-extraction.
Barrages control all of the tributaries to the Ganga and divert
roughly 60% of the river’s flow to large-scale irrigation.’ The
groundwater level in the Ganga-Brahmaputra is falling by 15-20
mm every year.

Indus is another one of the world’s 10 most endangered rivers.
It is the most threatened river by climate change. Himalayan
glaciers provide the Indus with 70-80% of its water. The Indus
basin has already lost over 90% of its original forest cover.?
The Indus basin is the second-most overstressed on the planet,
its groundwater levels falling by 4-6 mm/year. The Indus and
Ganga basins support the livelihood of 370 million Indians in
1.2 million sq. km?.
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3. Kaveri depleted so severely that in 2017, Tamil Nadu suffered
its worst drought in 140 years.3* Compared to ten years
ago, Tamil Nadu’s reservoir levels have fallen by 49%, and
Karnataka’s have fallen by 30%35.The evergreen forest in the
Kaveri catchment area has decreased by 35% between 1977 and

1997.%°

4. Krishna’s observed runoff to the ocean fell from a pre-
irrigation development average of 57 billion cubic meters a year
(bcm/yr) in 1901-1960, to less than 21 bcm/yr in 1990-2000
and even more strikingly to 0.75 bcm in 2001-2004 during an
extended period of low rainfall?’.

5. Rivers of Uttarakhand: In the last fifty years, more than
half the rivers of Kumaon region have dried up and have now
become rain-fed rivers. 50 years ago, Almora district had a river
length of 1639 km which has now been decreased 50% to just
810 km. Scientists believe that without remedial steps, rivers
like Gagas, Kosi, Ramganga, Panar, etc. will completely dry up
in the next fifteen years.3®

6. Godavari, the second largest river in the country that waters
three states — Maharashtra, Telangana and Andhra Pradesh -
ran dry at Nashik in 2016 for the first time in 139 years.3

One who sincerely wants to work towards resolving this situation
feels confused about where to start. How do we go about revitalizing
our rivers?

52 Cla—=.
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THE KNOTTED-UP RIVER
MANAGEMENT PARADIGM IN INDIA

If one were to work on improving the plight of our rivers, it will be
useful to know when and how we charted the path to their deterioration.
This reminds one of the story of a knotted up handkerchief that Lord
Buddha brought into one of his satsangs. The story goes like this — in one
of the monk assemblies Buddha brought along a handkerchief, knotted
it, and asked if the knotted handkerchief is the same as the old one? The
monks responded that in a way it is the same, but it has many knots in it.
That is, in a way it is the same cloth, but the form has changed.

And then Buddha asked what he should do to bring the handkerchief
back to its original state. Should he stretch the ends? The monks
responded that to get the handkerchief back to its original form, the knots
need to be removed. And the monks added, to remove them we need to
closely examine how the knots were formed.

This story summarizes what has happened with most of the natural
resources that we humans have been bestowed with on this planet.
They are all knotted up. All this has happened in less than five or six
decades. The case of our freshwater resources is similar to the knotted up
handkerchief. And right now, we as a nation, instead of unknotting them,
have only been pulling the knots further apart through our interventions
of building more dams and diverting more water to cities from the rivers.

In this section we look at how the knots were formed and what are
the knots that we have to untie to revitalize our rivers.

FIRST KNOT - BRITISH LEGACY OF INDIA'S RIVER MANAGEMENT

The worship of the rivers in India has been reduced to a ritualistic
process that people follow only because they are told that it will benefit
them. The ethos and the fundamental consciousness that gave rise to this
reverential worship of rivers has been corroded. A man who conducts a
ritual or a ceremony on the ghats of Ganga in Varanasi will not fret to spit
on the same ghat after finishing the ritual.

If we understand how this knot of a complicated “worship and
disrespect” behavior is practiced towards an entity at the same time, we
may be able to get a better perspective of what needs to be done.

_~=29 =53
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The introduction of property rights by the British colonial regime
did the most irreversible damage to the ethos and the consciousness of
the Indian people. The property rights of land introduced by the British
have triggered a set of consequences to agriculture, the brunt of which
is still palpable and borne by the small and marginalized farmers. The
agriculture practices that farmers follow today are to facilitate trade of
goods rather than to meet their subsistence needs first.

In the case of water, the regime made all the water bodies the
state’s property. That is the rivers, lakes and ponds which were common
property before now no more belonged to the village or its people who
inhabited their banks. When rivers, lakes and ponds were common
property, the villages used to maintain these assets by coming together as
a community and taking turns to maintain them. This community effort
established an intrinsic connection between a river and its people. But
once their rights on these water bodies were snatched, the connection was
severed, and hence the efforts to maintain the rivers were also forgotten.
Even today, post-independence, the rivers still belong to the state. The
states carry the legacy of the British perception that rivers are physical
resources that have to be exploited for human use alone.

The second damage inflicted on the rivers by the British was the
technical approach adopted to manage our rivers, which was a direct
transplant from Europe. The idea to build barrages to control floods and
canals to divert water was structuralist in tradition and reductionist in
nature4°. This direct transplantation of European knowledge of water
engineering based on European rivers was inappropriate for Indian rivers.
The hydrographs of most European rivers are flat, with very little seasonal
flows seen. The flow of Indian rivers changed seasonally, submerging
the floodplains in the monsoon and draining off in the summers. This
was no aberration to us, but it was to the British. They did not have an
understanding of sediment or how to manage it, nor did they consider
the flooding and draining of rivers as a natural process. Most of the
interventions were to divert the water for irrigation or to generate hydro-
power. There was little consideration about the ecology of the river
systems or ecological flows of the river.
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We still carry this legacy of a narrow understanding of rivers as an
exploitable resource. This idea is instilled in engineers in this country.
Even now rivers are considered to be a subject meant only for engineers.
The roles of other professionals like ecologists, hydrogeologists and
others are deemed irrelevant. In the Western countries, though, the
paradigm of river management and utilization has shifted to Integrated
Water Resource Management (IWRM). The new IWRM paradigm takes into
consideration demand management and provides for ecological needs
of water too. The ancient Indian ethos to revere our rivers and worship
them as goddesses took these two considerations into account as well as
the needs of all other living beings dependent on the river. However, the
current reductionist approach adopted towards rivers in India has given
rise to an unsustainable number of dams, irrigation canals and hydro-
power projects.

SECOND KNOT - DEFORESTATION IN RIVER CATCHMENT AREAS

The shrinking of glaciers is largely perceived as the cause for
the reduction of water in the rivers, especially the Himalayan rivers.
Glaciers are important to rivers, no doubt, but the extent of glaciation
that contributes to the river is only 10% on an average. To elaborate on
this further, the case of Ganga is represented in Table 1, which indicates
the catchment area from glaciers in comparison to the catchment area
covered by mountains. Similar is the case for other Himalayan rivers too.

It may, therefore, be concluded that majority of water in the rivers
come from the runoff from the catchment area rather than glaciers. If
the contribution of runoff from catchment areas is so high in the case of
Himalayan rivers fed by glaciers, then, the central Indian and peninsular
rivers must have an even higher dependency on this runoff.»
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Principal Glacier-Fed River System of Himalayas

Major River System Name of Catchment Area (sq. km) Percentage
River/ Covered By Glaciation
Tributary

Mountains Glaciers

Ganga Yamuna 11,655 125 1.1
Ganga 23,051 2,312 10
Ramganga 6,734 3 0.04
Kali 16,317 997 6.01
Karnali 53,354 1,543 2.9
Gandak 37,814 1,845 4.9

This section discusses the causes of of river depletion, including:
increasing population, over-exploitation of groundwater resources,
increasing rate of deforestation, and reduced rainfall. All these aspects
have adversely affected the functioning of the rivers’ catchment regions.

The catchment region of rivers, unlike popular belief, is spread all
across the stretch of the river and not only in the upper reaches near its
origin. The water that flows into the river is fed by the rains through the
catchment region and by the trees planted in the region. This again leads
to the conclusion that if we need the rivers running and thriving again,
we must endeavor to revive their catchments and floodplains all through
their course, as well as their tributaries. This is equally valid for the
catchments of the streams and tributaries that feed into the river as it is
for the main river body itself.

Catchment area treatment can happen through adoption of
engineering and non-engineering measures such as watershed
management, construction of check-dams, gully traps / silt traps, large-
scale afforestation with preferable “soil binding and water holding”
native species, treatment of degraded land, etc.
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FIGURE 1: DECREASING GROUNDWATER WELLS IN INDIA

Forests created on the river banks with native and endemic species
increase the number of rainy days, and increase available runoff by
extending the period of surface flow in the river.4> The maximum flow
during floods is reduced and the lowest summer flow is increased.”* This
benefit is lost with deforestation. Over 60-80 million hectares of denuded
forest lands and wastelands across the country are unable to retain
rainwater, which in turn would have ensured recharging of groundwater
and conservation of biodiversity. As a result, the rivers emerging from
these mountains are unable to sustain the flow of water throughout the
year. Heavy soil erosion has not only been causing floods but also forcing
the rivers to change their courses. Such rivers will not be able to support
agricultural production in the future.4
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FIGURE 2: THE LINK BETWEEN SURFACE WATER AND GROUNDWATER

THIRD KNOT - OVER-EXPLOITATION OF GROUNDWATER
RESOURCES

The water needs of the population have led to an unsustainable over-
exploitation of groundwater resources. The advent of high power pumps
has further accelerated this trend and groundwater tables are rapidly
falling all across the country.

If one looks at the map produced by the World Resources Institutes
of the groundwater table across the country, a number of red areas
dominate the map, indicating an unfavorable exploitation of this water
resource (See Figure 1).

It is a well-established fact that surface water bodies and
groundwater bodies have a dynamic relationship with each other.4 In
Figure 2, we can see how surface water bodies and groundwater are linked
together. When there is a high level of exploitation of groundwater
bodies, this leads to drying up of surface water bodies as they end up



Revitalization of Rivers In India Draft Policy Recommendation id,w

recharging the groundwater aquifers that are over-exploited. (Refer to
Annexure 1)

FOURTH KNOT - FOUR-FOLD INCREASE IN OUR POPULATION

Within 75 years, our population will have increased nearly four-
fold from 361 million in 1951 to 1394 million in 2025. That is an enormous
increase in water demand in a very short span of time. Although India
occupies an area of only 3.29 million km?, forming 2.4% of the world’s
land area, it supports over 15% of the world’s population.4” In other words,
India supports about 1/6th of the world population while comprising of
1/50th of the world’s land and 1/25th of the world’s water resources.*?
Narayan Hegde in his paper describes this cycle of exponential increase in
water demand:

“The most serious concern is the growing population which is likely to
increase to 1.66 billion by 2050. With the increasing population, the annual
food requirement in the country will exceed 250 million tons. The total demand
for grains will increase to 375 million tons including grain for feeding livestock.
With the growth in the National GDP, at 6.8% per annum, during the period
from 2000 to 2025 and 6.0% per annum, during the years 2025 to 2050, the
per capita income is bound to increase by 5.5% per annum. This will increase the
demand for food. While the per capita consumption of cereals will decrease by
9%, 47% and 60%, with respect to rice, coarse cereals and maize, the per capita
consumption of sugar, fruits and vegetables will increase by 32%, 65% and 78%
respectively, during the period from 2000 to 2050. The requirement of water for
livestock will rise from 2.3 billion m3 in 2000 to 2.8 billion m3 in 2025 and 3.2
billion m3 in 2050.”49

All the points mentioned by Narayan Hegde in his paper about
population also account for the drastic changes in India’s land use
pattern. From 1950 to 2000, the total area under agriculture has increased,
whereas the wasteland, other uncultivated land and non-cultivated land
and barren lands have reduced. Wastelands have reduced from 8% to 4.5%,
other uncultivated land has reduced from 17% to 9.2%, barren land has
reduced from 13.4% to 6.2%; and gross cropped area has increased from
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46% to 62% and the area sown more than once has increased from 4.6% to
16%.5° Wastelands, uncultivated land and barren land are actually useful
land masses that have been helping maintain ecosystem balance.

The distressing state of the rivers in our country is part of the
growing overall shortage of water in India. According to the Falkenmark
Indicator> (Refer Table 2), which is one of the most widely used water
stress indicators, India has moved from being a water surplus (stress free)
country to being a water stressed country within just seventy years since
independence.

TABLE 2: FALKENMARK WATER SCARCITY INDICATOR

Index (m3 per capita) Category/Condition

>1,700 No stress
1,000-1,700 Stress
500—1,000 Scarcity

<500 Absolute Scarcity

Per capita availability of water in India has declined by 70% in the
period 1951-2011 to a level of 1545 cubic meters in 2011. This is expected
to decline another 15% in the period 2011-2025 to a level of just 1341
cubic meters. At this rate, we are heading for a change from being a
water-stressed country to being a water-scarce country (Refer Table 3 for
details).

TABLE 3: PER CAPITA AVAILABILITY OF WATER IN INDIA SINCE 1951

Population (Million) | Per capita water availability (m3/year)

1951 361 5177
1955 395 4732
1991 846 2209
2001 1027 1820
2011 1210 1545
2025 1394 1341
2050 1640 1140
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What is desirable at the national level is a holistic policy framework,
focusing on river basin management that combines not only abatement
of pollution and conservation but also ensures sustainable livelihoods for
the riverine communities. Dying rivers are only going to aggravate the
water security issues this explosion of population will cause.

FIFTH KNOT - POLLUTION AND OTHER FORMS OF RIVER
EXPLOITATION

When one talks about river revitalization, most people focus on the
pollution of rivers. It is true that pollution is one the major reasons why
life in and around rivers are perishing. Based on the long term assessment
of water quality data, 275 rivers out of 445 rivers monitored under
National Water Monitoring Programme are identified as polluted.>

The sources of pollution to a river are: domestic sewage from urban
and rural areas, non-sewage drainages, wastewater from agricultural
facilities, and industrial wastewater / effluents. Wastewater generation
is proportional to the amount of water consumed. Out of the total
freshwater used in India, irrigation accounts for nearly 78%, followed

FIGURE 3: USE OF INORGANIC FERTILIZER OVER THE YEARS
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by domestic use 6%, industries 5%, power development 3%, and other
activities including evaporation losses, environment and navigational
requirements around 8%.54

Agricultural runoff: Only 0.3% (528,171 hectares out of 159.7 million
hectares) of agricultural land in India is under organic farming. The
remaining land is mostly under inorganic farming. The consumption of
inorganic fertilizers has only increased over these years from 65,000 tons
in 1950 to 24,485 thousand tons in 2014.5 There is no quantification of
what happens to the runoff of the residual fertilizers from the land into
the water bodies — rivers or other surface or groundwater bodies. Also the
use of pesticides has become ubiquitous, and the pollution from runoff of
pesticide will only add to the pollutant load in the water. The agricultural
runoff water, though not technically wastewater, has large proportions of
agro-chemicals, adding to the toxic load in water.

Urban Sewage: Domestic sewage is one of the most obvious and
visible forms of pollution to rivers. Urban settlements in India contribute
61,754 MLD of which 38,791 MLD goes untreated, while the cumulative
sewage treatment capacity of the nation is 22,963 MLD. According
to Central Pollution Control Board, the untreated 38,791 MLD goes
directly into water bodies - rivers or ponds or lakes. The five states viz
Maharashtra, Tamil Nadu, Uttar Pradesh, Delhi and Gujarat account
for approximately 50% of the total sewage generated in the country.
Maharashtra alone accounts for 13% of the total sewage generation in the
country.>® (Refer Annexure 2)

Industrial effluents: With respect to industrial pollution, according
to CPCB’s 2009 data, only 60% of industrial wastewater, from mostly
large-scale industries, is treated. This also runs off into freshwater bodies
like rivers, lakes and ponds.

Typically, the constituents of wastewater are organic and inorganic
chemicals, bacteria and other microorganisms (some of which may be
pathogenic), fats, oils and grease, etc. The organic and inorganic materials
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may be in suspended or dissolved form. Some of these components

are nutrients that are useful for plant growth, but cannot be used or
harnessed in their present form when they are mixed in wastewater.
Industrial effluents and domestic sewage contaminated by mixing with
such effluents can carry various other, often toxic, chemicals such as
pesticides, heavy metals, etc.

Many of the chemicals in the above two categories are found to
disrupt endocrine systems in humans (and therefore, obviously in other
life forms), and are now categorized as “Endocrine Disrupters”. Many of
the chemicals also do not readily degrade over time and are categorized as
Persistent Organic Pollutants (POPs).

Sand mining and riverbed dredging: River beds are the most
sensitive part of the riverine ecosystems. The bed is formed by the river
flowing on it for millennia. The river beds are today being disturbed either
to mine sand or to dredge and deepen the river floor for waterways. In the
recent floods that devastated Bihar, sand mining is observed to be one
of reasons that made the impact of the floods worse.5” Sand was always
harvested from the rivers as a practice to meet construction needs. The
present scenario is problematic due to the unsustainable and unregulated
form of mining done on riverbeds.

SIXTH KNOT - CLIMATE CHANGE

Climate change is perhaps emerging as one of the greatest
environmental challenges of the twenty-first century, which is further
intensified due to population growth, economic development and increased
demand on natural resources for food and energy needs. As scientific
evidence and information on global warming emerges, the role of forests and
associated ecosystems assume greater relevance in this context.

In recent decades, the impacts of climate change have indicated
the sensitivity of natural and human systems towards it. Changing
precipitation patterns, changing seasons and changes in cropping
season, ocean acidification, migration of species due to fluctuations in
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temperature are some of the visible changes recorded. Pollution (air,
water and soil), soil degradation, desertification and deforestation are
some of the ramifications that have aggravated poverty, and impacted
health and food security. Climatic variations or extreme weather conditions
are leading to periodic droughts and floods, affecting a large population,
among which the poor and the marginalized are affected the most.

As the climate regulation capacity of many ecosystems deteriorates
and/or experiences abrupt and non-linear changes, plant and animal
populations will experience negative impacts at local and regional scales.
These impacts may include all of the climate change effects already
predicted or chronicled — changes in the timing and distribution of
water (e.g. droughts, floods, snowpack availability); increases in insects,
invasive species, and disease; habitat and biodiversity loss; and species
range shifts. In addition, ecosystem services degradation often leads to
declines in human well-being.5®

The most dominant climate drivers for water availability are
precipitation, temperature and evaporative demand (determined by
net radiation at the ground, atmospheric humidity and wind speed, and
temperature). Temperature is particularly important in snow-dominated
basins and in coastal areas, the latter due to the impact of temperature
on sea level (steric sea-level rise due to thermal expansion of water).
In short, the total annual river runoff over the whole land surface is
projected to increase, even though there are regions with a significant
increase and significant decrease in runoff. However, increased runoff
cannot be fully utilized unless there is adequate infrastructure to capture
and store the extra water. Over the oceans, a net increase in the term
“evaporation minus precipitation” is projected.5°

River ecosystems have been severely impacted by a multitude of
human uses over decades. Water abstraction, damming, pollution and
habitat modification have dramatically diminished the functionality of
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these systems. Small mountainous streams that are usually less inhabited
remained nevertheless relatively undisturbed, whereas the rivulets

and smaller tributaries in the plains and in the southern peninsula

face greater challenges from human interface. Physical alterations

in catchments affect most rivers, disrupt their continuum and the
interactions between the stream and its terrestrial surroundings, thereby,
affecting biodiversity at large (Refer Annexure 3).
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“Kaverti is like a graveyard.
The sand burns my feet when
I walk on it. There is no water
— 1t makes me want to cry.”

~ A 10-year-old boy on the banks of Kaveri,
Thanjavur (2017)
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n Kerala, 700 villagers came together and brought
Kuttemperoor river in Alappuzha district back to life in 70
days. This river was in a bad state for almost 2 decades.!
Another people’s movement from Kerala is revitalizing a
part of the Varattar river.> The famous revitalization of the Arvari river of
Rajasthan is the product of community effort driven by the village water
parliament.3 In all these cases, ordinary villagers with meager monetary
means came together and made it happen. Many more rivers in our
country, like Ganga, Yamuna and Kaveri, can be revitalized if only people
contribute and participate. Every citizen will need to take a sankalpa or
determined pledge for this cause. Because of the severity of damage that
our rivers have suffered, 15-20 years may go by before they can come alive
again. Revitalizing them is very much possible, but it demands a certain
sense of urgency, sincerity and concerted effort in this direction. We need
to take inspiration from our Independence movement when men and
women across all strata of society — peasants, the middle class, the elite
and the intelligentsia — rallied together. It is time we rally once more to
free our rivers from destructive human activities.

The approach to water resource management in the last two decades
has been to manage demand efficiently — a major shift from the older
discourse of increasing the supply of water while assuming water in
nature is inexhaustible. The current paradigm of demand management
is a more sensitive approach to working on water resources compared to
the previous supply management paradigm. Technological innovations
of recent times have been focused on reducing the water consumption for
any specific activity.

But with respect to rivers, the discourses and efforts have been
solely focused on exploiting the existing quantum of available river water.
This includes building of dams, check-dams, canals or linking rivers. A
large number of dams are being built on rivers in northeast India to tap
hydroelectric power. If the actual quantum of water flowing through the
river reduces, all these engineering projects will become meaningless.
Therefore, the conservation and revitalization of rivers must take center
stage, to ensure augmentation of water flow in rivers with low to

zero flow.
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The previous chapter discussed the fundamental reasons for the
current plight of our rivers, as understanding the cause is the first step
towards finding the solution. In this chapter we try to understand in
principle how to untie four out of the six knots described in Chapter 1.
The other two knots — created by population explosion and by colonial
and post-colonial management paradigm interventions — cannot
be unknotted. Thus, we will look in-depth as to how to mitigate the
consequences of these two knots.

As we map out solutions for untying the knots, we must keep in
mind that carelessly unraveling certain knots may end up tearing the
fabric of the river-human relationship. That is, if we demand dismantling
of dams, or displacement of millions of people from floodplains, or
shutting down of polluting industries which were set up over 5 decades
ago, people will only cast rivers as their enemies. So while the knots
related to human lands cannot be easily untied, we can certainly reduce
the stress that such land us has brought upon river systems by adopting
eco-friendly methods and technologies. Other knots like the loss of
our cultural ethos and emotional connection to rivers, can be untied by
working on our mindsets.

The solutions proposed to address each knot are charted out in
Table 1.

TABLE 1: PROBLEM- SOLUTION MAP

Knots Approaches to Unknot or Alleviate Effect of Knot

1 Current River Convergence of institutions with various
Management responsibilities to manage the sustainability of
Paradigm rivers

2 Deforestation Afforestation

3 Over-exploitation Afforestation & efficient water use

of groundwater
A Population Efficient water use

0 Qe
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_ Approaches to Unknot or Alleviate Effect of Knot

5 Pollution Organic or NPM agriculture practice; regulatory
norms with incentives and disincentives for
various types of action on the city and industrial
level

6 Climate Change  Afforestation

As water is a State subject under the Constitution, the protection
of rivers is under the purview of State governments. However, The River
Boards Act of 1956 deals with interstate rivers and empowers the Center
for: the conservation, control and optimum utilization of water resources;
promotion and operation of schemes for irrigation, water supply or
drainage; promotion and operation of schemes for the development of
hydro-electric power; promotion and operation of schemes for flood
control; promotion and control of navigation; promotion of afforestation
and control of soil erosion; and prevention of pollution of waters.* Yet the
Act has never been used. One reason could be the complex and delicate
nature of Center-State relations, with the Central Government hesitating
to get into a confrontation with a State. Both at the Center and at the
State levels, various aspects of exploitation and conservation of rivers
are divided among Ministries. For example, hydro-electric power falls
under the Ministry of Power; irrigation falls under the Ministry of Water
Resources or Ministry of Irrigation; conservation of rivers falls under
the Ministry of Environment and Forests. To be able to manage rivers
sustainably, coordination between these Ministries is of paramount
importance. This aspect of the solution will be dealt with in detail in
Chapter 4, as it is dependent on the implementation framework of the
proposed solution that we cover in Chapters 2 and 3.

The second solution of afforestation is an answer to deforestation,
as well as over-exploitation of groundwater and climate change.
Afforestation is a solution proposed from the source augmentation of
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rivers perspective, but the impact of afforestation on water bodies is not
very apparent. We will discuss in this chapter how forests impact the
hydrological cycle to benefit rivers and soil. In the context of climate
change, forests become a huge carbon sink, absorbing the carbon in the
atmosphere and reducing temperatures. Forests also impede high volume
runoff during monsoons or floods and recharge aquifers around rivers,
which eventually feed rivers during the lean season. Thus groundwater
exploitation is taken care of through source augmentation and efficient
demand management.

Our population has increased almost four-fold since independence,
accompanied by an increase in industrial activity and urbanization.
Our water demand has accordingly multiplied manifold, with irrigation
accounting for almost 80% of the total water consumed in our country.5
The flood irrigation practice followed by our farmers is 1000 years old.
This needs to change. Micro-irrigation technologies are proven to
substantially reduce the water demand of crops, and on a conservative
estimate, improve the efficiency of water use by 50%. That is, the
quantum of water required in micro-irrigation is half of that required
in flood irrigation (See Annexure 9 on micro-irrigation). The efficiency
of water use for domestic and industrial needs is not addressed in detail
here, because the focus is on land on either sides of the river bed, which is
mostly a composite of farm lands and forests, for river revitalization.

The issue of pollution is addressed in a two-pronged manner.
Agricultural pollution from runoff of fertilizer and pesticides is addressed
by promoting organic and NPM practices on the riverside farms. The
issues of sewage from urban settlements and industrial effluents are dealt
with in Chapter 4.
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HISTORICAL APPROACHES
TO REVITALIZING RIVERS
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Source: http://thebritishgeographer.weebly.com/river-landforms.html

FIGURE 1: A RIVER AND ITS CATCHMENT AREA

Rivers gather their water from their tributaries, which in turn gather
water from streams and other rivulets that are fed by water from forests
and springs of the catchment region of the basin. The water that flows
from the catchment region into streams and rivulets is called runoff. For a
river or stream to flow, the catchment area, which is many times the size
of the river, should remain as undisturbed as possible. It is very important
that drainage channels especially are uninterrupted by any structure.

Figure 1 shows the way water is collected from various sources into
rivers. This phenomenon of draining into the river happens through the
entire stretch of the river basin from its origin to the point it meets
the sea.
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The catchment area of a river does not just comprise springs,
streams, rivulets and tributaries. It is a composite of a much larger
landmass around these water sources. The water that runs off from the
land, and underground water currents, also contribute to the river as
much as these surface water flows, if not more. The catchment area of a
river is depicted in Figure 2.

Watershed
boundary

Groundwater flow

FIGURE 2: CATCHMENT AREA FOR ANY RIVER OR
OTHER SURFACE WATER BODY
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A river’s catchment area encompasses hundreds of square
kilometers. The entire catchment may be a composite of smaller
catchment zones called watersheds. A watershed is an area of land that
contains a common set of streams and rivers that all drain into a single
larger body of water, such as a larger river, a lake or an ocean.®

A watershed is usually the unit of operation when any sustainable
work to revitalize rivers and underground aquifers is envisioned. The
revitalization of a river or any other water body is a byproduct of a revived
watershed. Integrated watershed management (IWM) is a continuous and
adaptive process of managing human activities in an ecosystem, within
a defined watershed. It involves the integration of environmental, social
and economic decisions and activities through an inclusive decision
making process to manage the protection, conservation, restoration and
enhancement of aquatic and terrestrial ecosystem features, functions and
linkages.” This approach involves working on the land, soil fertility and
augmentation of fresh water sources.

Integrated Watershed Management (IWM) is a holistic approach
which theoretically and technically is the soundest means to revitalize
rivers.

The watershed management approach has been followed in India
since the 1970s. Till the early 1990s watershed development had been
implemented in a fragmented manner by various departments without
any planning on watershed basis by involving communities. In 1994,
the Technical Committee on Drought-Prone Areas (Hanumantha Rao
Committee) formulated a set of guidelines that brought the Desert
Development Programme (DDP), Drought Prone Areas Programme
(DPAP) and Integrated Wastelands Management Programme under one
umbrella. Then in 2009, Government of India initiated an Integrated
Watershed Management Programme, integrating DPAP, DDP and
Integrated Wastelands Management Program.® The Integrated Watershed
Management Programme is implemented across most rain-fed areas to
help revive the water resources that were otherwise being depleted due to

=_~=29 7



K"‘P‘ Revitalization of Rivers In India Draft Policy Recommendation

76

unsustainable practices. Despite a long spell of watershed management, it
is unclear how successful the approaches are.®

All the evaluations of watershed management are done to assess the
technical strength of the solution. A solution this holistic which together
addresses the crisis of land, ecological diversity and water will anyway be
environmentally sound and sustainable. The reason why many technical
solutions to development problems in India or other countries have not
taken off is because they did not take into consideration the political and
administrative realities of the day.

The challenges with the watershed management approach can
be widely classified into two categories — political and administrative
boundaries and inequity. Watershed boundaries do not coincide with
political and administrative boundaries. A watershed is often spread
across two different villages, blocks, districts, sometimes even two
different states. A watershed often encompasses land under the
administrative control of various departments - for example, a revenue
department, forest department and Gram Panchayat. The equity challenge
has to do with the outcome of any watershed effort. That is, there is no
mechanism to address the upstream-downstream inequity, inter-village
inequity, and sometimes in the process of revitalization, while some
groundwater sources get recharged others dip.*® The watershed approach
when implemented on the ground was seen by communities as a means
to develop the resource rather than manage it. Therefore, there is an
uncertainty about water availability to the stakeholders midstream and
downstream, making stakeholder consensus difficult." Blomquist et al.
put the politics of watershed management succinctly, here:

“This gap between prescription and practice (of watershed management)
is sometimes attributed to politics, as a sort of nuisance to be overcome
or avoided through rational, comprehensive, consensus-based decision
making. Fundamental political considerations are inherent in water resources
management, however, and are unavoidable even if the desire for watershed-
scale decision-making bodies were realized. Boundary definition, choices about
decision-making arrangements, and issues of accountability will arise in any
watershed... 1>
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SOURCE AUGMENTATION OF RIVERS
A TREE PLANTATION APPROACH

The benefits of forests are intrinsic to the cultures that have had a
deep relationship with nature. Charles C. Mann in 1491: New Revelations of
the Americas Before Columbus, describes how evolved the native American
way of living was before the invasion of the Europeans. Their system of
cultivations was based on tree farming, also known as forest gardening,
and was quite advanced compared to what is practiced as agriculture
today. Across India, traditionally there are certain patches of forest in
and around a village that are kept untouched. These are called the sacred
groves, or temple forests. People are educated on the types of trees which
are worshipped and which they are not permitted to cut. Two trees that
are worshipped unanimously all across the country are Ficus bengalensis
(banyan) and Ficus religiosa (bodhi / peepal). Certain trees are linked to
specific kinds of worship. For example, a festival is celebrated in winter
to worship Amlaq, i.e. Phyllanthus emblica. Lord Shiva had to be worshiped
with leaves of Balanites aegyptiaca and Datura stramonium fruits, and
Calotropis procera flowers besides others.

Forests are important in the context of precipitation. India gets
its rain from monsoon rainfall. These rains have seasonally changing
patterns, unlike convection rains. With various hill ranges, there are
regions that fall on the leeward side or the rain shadow regions of the
mountain ranges. In the rain shadow regions, the forest’s ability to
cause inland rain by seeding the water laden clouds becomes very critical
especially during the drought years.

It is interesting to observe that in current times we understand
the benefits of forests only when they are lost and not when they were
thriving. Our ancestors did not know reductionist science, but they
were sensitive to observe empirically what role nature played and how
the wellbeing of human society is linked to the environment around
us. Nature would remind us of the precariousness of our lives in quite a
number of ways. While the advancements in science and technology have
shielded us from the risks associated with many natural phenomena, the
cost has been the loss of our relationship with nature. However, recently
people are rediscovering this connection and have begun a number of
initiatives to restore forests.
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Next we look at various case studies that used tree plantation as
an approach for source augmentation of rivers. In the case of the
Gagas river of Uttarakhand, people from 70 communities came
together to revitalize the river and saw it flow. A detailed story of
this success is available in Annexure 4.
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CASE STUDY FROM INDIA

REVIVAL OF SPRINGS IN THE WATERSHED
OF GAGAS RIVER IN UTTARAKHAND

The Gagas river originates in the sacred forests of Pandukholi in
Almora district, of Kumaon Himalayas in the state of Uttarakhand. The
river is largely defined through the flow of over fourteen major streams
or gadheras on both banks, and flows for about 50 km prior to merging
with Ramganga (West) river. The river basin is spread over 500 sq. km.,
supporting a population of over 120,000 in 370 villages.

Springs, or naulas as they are traditionally called, are the main
sources of water in the hills for the people. Overflow from these springs
also contributes to small streams which in turn join to form rivulets and
rivers. About 15 years ago, the ecological situation had worsened in many
parts of the Gagas river’s catchment, to the extent that the majority of
springs had either dried up completely or their flow was restricted flow
to only certain months of the year. It was then that the Ranikhet based
Pan Himalaya Grassroots Development Foundation forged a coalition of
interest between communities of 70 villages to form a “Gadhera Bachao
Samiti”. This body decided to plant native trees in their catchment —
approximately 1000 hectares. They raised over 1 million saplings of over
twenty native species of trees and shrubs in small village nurseries and
planted them in the catchment. Simultaneously, they undertook locally
appropriate soil conservation measures by digging small trenches or
ponds across the gradient of the slope. These are locally called nals and
khals. This improved the moisture regime in the plantation areas as well
as infiltration. As the trees started to come up, many springs started
to flow around the year, and the overall water situation in the Gadhera
improved tremendously.
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CASE STUDIES
FROM AROUND THE WORLD

8o

We will look now at a few cases across the world to illustrate the
relationship between trees and rainfall.

CASE STUDIES FROM EUROPE
DANUBE RIVER

The central component of a European project to revitalize the
Danube river, is restoring natural ecosystems affected by human activity.
This is done by establishing a continuous ecological corridor called the
River Greenway adjacent to the Danube river.** More details of the project
are available in Annexure 5.

CASE STUDIES FROM NORTH AMERICA
VIRGINIA

The state of Virginia in the US has sponsored a riparian reforestation
project in Fairfax county. They aim to create forest buffers — trees, shrubs
and other plants that grow alongside streams and rivers. Forest buffers
are critical to the health of the Chesapeake Bay. Forest buffers prevent
pollution from entering waterways, stabilize stream banks, provide

food and habitat to wildlife, and keep streams cool during hot weather.
Chesapeake Bay Program partners are working to restore 900 miles of
forest buffers per year until 70% of all stream banks and shorelines in the
watershed are buffered. 8000 miles of 35-150 feet wide strips of trees have
been planted. Plans include planting 15,000 more miles of streamside
buffers.’s

USDA

The US Department of Agriculture (USDA) Conservation Reserve Program
and Conservation Reserve Enhancement Program provide incentives for
farmers to create streamside buffers. Financial benefits for participants
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of Conservation Practice 22 (CP-22) (Riparian buffer) are guaranteed as
given below.1

10-15 years of annual rental payments with an additional 20% Rental
Rate Incentive

Payments covering up to 90% of the eligible costs of establishing the
practice — 50% from a Cost-Share Payment and 40% from a Practice
Incentive Payment (PIP)

Sign-up Incentive Payment (SIP) up to $100/acre

Maintenance Rate Incentive

Mid-Contract Management Cost Share
NEBRASKA, USA"7

Nebraska has a buffer strip program wherein the government pays the
farmer a “rental rate” of $20 to $250 per acre to plant streamside buffer
strips. Rates depend on the soil type, whether land is irrigated and
whether farmers are enrolled in other programs. Streamside buffers are
generally seen as extremely important by all US state forestry services.
Cropland adjacent to perennial and seasonal streams, ponds, and
wetlands can be enrolled in buffer strips, which are designed to filter
agrichemicals such as fertilizers and pesticides. Two kinds of buffer strips
are eligible — filter strips, which are narrow strips of grass, and riparian
forest buffer strips containing trees and grass. The minimum widths are
20 and 55 feet, respectively; the maximum widths are 120 and 180 feet,
respectively.

COON VALLEY, WISCONSIN, USA®®

Starting from 1935, the US government worked with farmers to restore the
Coon valley. After a few years, they found better dry season flows, reduced
flood peaks, and healthier soil. Forest cover went up from 37% in 1939 to
50% in 1993.
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CASE STUDIES FROM LATIN AMERICA
SAO PAULO, BRAZIL"

Brazil is pursuing an ecosystem restoration of riparian forests in
Cerrado. The development objective of the Ecosystem Restoration of
Riparian Forests in Sao Paulo Project is to support long-term, large-scale
restoration of the riparian forests at Cerrado, and the Atlantic Forest
biomes. This is to be done through the development and harmonization
of policy, regulatory, economic, and technological tools and mechanisms,
while providing opportunities for improved livelihoods, and economic
wellbeing of rural communities.

THE PROPOSED SOLUTION

Afforestation of a minimum of 1 kilometer width for the entire
stretch on either side of large rivers is the solution proposed to augment
the source of water and revive the flow in the rivers. The fundamental
reason behind this solution is the role forests play in closing the
hydrology cycle, the effect they have on groundwater aquifers, soil and
in stabilizing the climate. In this section we take a scientific look at how
trees can perform all these functions.

EFFECT OF AFFORESTATION ON RAINFALL

Trees as permanent green cover have a significant impact on
stabilizing precipitation patterns.?° This is achieved by the evapo-
transpiration of trees that seed the passing rain clouds, thereby making it
rain in and around the tree cover itself. This adds to the flow of the river
too. This phenomenon is described below.

Increased rainfall* - Trees attract water-laden clouds to precipitate.
As forests disappear, precipitation will also reduce in the area, in and
around the river floodplains. River flows over time reflect an increase in



Revitalization of Rivers In India Draft Policy Recommendation id’\@

deluges and scanty flow. Rainfall is increasingly sporadic in nature. 2> 23
If the trees were present, especially around the river, the rainfall pattern
would be different.

The effect of trees on the river banks is described in the following
scientific explanation by Bill Mollison in Trees and their Energy Transactions:

“A point which is often overlooked is the effect of trees in increasing
total precipitation considerably beyond what is recorded by rain gauges. The
intermittent presence of trees that grow up to a height of 40 feet in
forest land and private lands with the wind blowing across these lands
create the Ekman spirals® thereby causing repeated rainfall in the local
region.

The upward spirals of humid air coming up from the woodlands carry
insects, pollen and bacteria aloft thereby seeding the cloud, creating nuclei for
rain. The formation of nuclei is a governing factor for local rainfall.?>

Prevailing winds

~——— > 60% Sea 40% Forest 50% Sea  50% Forest
100% Sea Origin Origin Origin Origin Origin

Condensation
Nuclei |
Re-Evaporation ~ Eckman spiral effect

& Transpiration  Increase rain fall by
X tree cover
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50% Transpwed \

Eiea evaporation:
. 7% of Total
Armosphere Water

Condensation & Through flow to Rivers, Springs

" 26% to Rivers If these trees are cut
Rainfall may decrease by 50%
Land & Rivers Foot hills
Forest interaction with climate. Forests inland produce most of the water for subsequent rainfall;

recycled water is repeatedly transpired to the airstream.

FIGURE 3: FOREST INTERACTION WITH CLIMATE
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The impact of forest derived evapotranspiration can be seen in
satellite observations of rainfall: over most of the tropics, air that passes
over forests for ten days typically produces at least twice as much rain
as air that passes over sparse vegetation. Higher relative humidity
has likewise been found to raise the likelihood of precipitation. A 10%
rise in relative humidity can lead to two-to-three times the amount of
precipitation.?¢

Trees and forests contribute to the intensification of rainfall
through the biological particles they release into the atmosphere,
which include fungal spores, pollen, bacterial cells and biological
debris. Atmospheric moisture condenses when air becomes sufficiently
saturated with water and much more readily when suitable surfaces,
provided by aerosol particles, are present.”” In the Amazon forests,
potassium-salt rich particles with clear biological origins also appear
to be directly linked to cloud formation and precipitation.?® A synthesis
of many scientific papers discussing the relationship between trees and
rainfall is presented in Annexure 6.

Harvesting environmental humidity: There is another
phenomenon where trees harvest water from the atmosphere. A lesser
known but significant impact of the tree cover is its condensation
effect. This condensation effect created by the tree foliage also adds
to substantial amount of water harvested from the humidity of the
environment. On average, at least 40% of rainfall over land originates
from evapotranspiration (ET), with greater contributions in some
regions such as the Rio de Plata river basin, where ET from the Amazon
forest contributes more than 70% of rainfall.> Transpiration contributes
the dominant part of terrestrial ET,* thereby producing a part of the
water vapor available for rainfall.

In all, forests help in increasing the number of rainy days thus
helping have more surface runoff (during rainy days) and subsurface
runoff (in non-rainy days) by recharging subsurface aquifers.
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EFFECT OF AFFORESTATION ON GROUNDWATER AND
SUBSURFACE RUNOFF TO RIVERS

Developing tree cover by tree plantation in the runoff and floodplain
area of rivers is a very simple and effective solution to ensure prolonged
surface and subsurface flows, and enhance overall water supply.

Trees through their roots enhance the percolation of the water from
condensation and percolation into the soil. This will lead to an increased
quantum of water in groundwater aquifers that feeds into the flows of the
river. Trees help the soil to feed water flow into the rivers in a consistent
manner over a long period, drop by drop through its groundwater.

Where does the water in a river come from when it has not rained
recently? Base flow is the technical name for flow in a stream or river.
River base flow results from groundwater seeping into riverbanks or the
riverbed. Base flow is the sole or primary source of streamflow during the
annual dry season when rainfall is insufficient to generate substantive
runoff. The groundwater flow has a much larger scale and is controlled by
vegetative cover, rainfall, land-surface slope, geology and other factors.>
Hydro-geologists have recognized the importance of the interconnected
nature of groundwater and surface water. The surface water is almost
always connected to groundwater, which has a critical impact on river
water flow.

In general the base flow can be significant enough to allow the
stream to flow around the year (i.e. perennial or permanent stream).
Recharge from groundwater through base flow is the major source for
sustained flow in the river except during storms. For example, on average,
40 percent of all flow in United States rivers and streams originates from
the groundwater. Groundwater flowing into a stream is called a “gaining
stream”, the most common occurrence of water inflow to streams.
Contrariwise, when a river level gets a rise, for example in response to a
storm, water can flow from the river into the channel banks, as the water
level in the channel rises above the pre-storm groundwater level. This
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is known as “losing stream”. If the stream overtops its banks, to spread
over a floodplain, flood water infiltrates to the groundwater under the
floodplain. This seepage and infiltration can help reduce the impacts

of flooding in downstream areas, and after the storm, the slow release

of water from the surrounding saturated area maintains the base flow

in the channel. Infiltration through the floodplain to the underlying
groundwater table is one of the reasons why maintaining floodplains in an
undeveloped (pervious) condition must be an important consideration for
planning development.32

A stream may switch back and forth between losing and gaining
on a seasonal basis during the year and/or during the course of its flow
downstream from its headwaters. Conditions may change from gaining
to losing at the upstream end of a meander or at the top of an abrupt
change in the gradient of the channel. Excessive pumping from a well
in the vicinity of a stream may induce a “losing” condition when the
zone of drawdown around the well intersects the surface water body.
Since groundwater and surface water are not separate resources, when
our activities use one of these resources, it often affects the other in a
relatively short time frame in terms of quantity and quality.33

An important question in hydrogeology is how much base flow
occurs in a river in response to a given amount of rainfall. To answer this
question, we need to know where water goes when it rains, how long
water resides in a watershed, and what pathway water takes to the stream
channel. Answering the question of how much runoff is generated from
surface water requires partitioning water inputs at the earth’s surface
into: components that infiltrate and components that flow overland and
directly enter into streams. The pathways followed by infiltrated water
need to be understood. Infiltrated water that enters into the subsurface,
that takes it to the stream relatively quickly, is called interflow. Infiltrated
water can also percolate to deeper levels and connect to groundwater,
which sustains the steady flow in streams over much longer time scales;
this is called base flow. The figure below illustrates schematically many of
the processes involved in the generation of groundwater and stream flow.
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The effect of the loss of forestlands is the establishment of an
adverse temperature gradient. This leads to loss of groundwater and
soil nutrient leaching. On the other hand, if there are trees on the river
banks, then the temperature gradient reverses — leading to a recharge
of groundwater and no soil nutrient leaching.3* Afforestation changes
temperature gradients that lead to groundwater and soil nutrient loss.

How can a tree increase infiltration rate? Living and decaying roots
create a network of well-connected channels in the soil called macro-
pores. Water flow through these macro-pores can be up to several
hundred times faster than flow through the soil matrix.? In addition,
organic matter from leaf litter and tree roots improves soil structure,
which can increase infiltration rates. Soil structure is improved as soil
particles are cemented together by humus, by organic glues created
by fungi and bacteria decomposing organic matter, and by polymers
and sugars excreted from roots. Not surprisingly, several studies have
documented that vegetation maintains adequate saturated hydraulic
conductivity over time in bio retention areas.3® Breen and Denman
specifically compared unsaturated infiltration rates of model soil profiles
in above ground containers with trees to containers without trees and
found that those with trees had higher infiltration rates.3” This tells us
that even at a very young age, the trees were already having a positive
effect on the hydraulic conductivity. Bartens et al. (2009) also found that
tree roots affected soil hydraulic conductivity even at a young age, and
concluded that “woody roots can increase infiltration relatively quickly
before there is opportunity for very large diameter roots to form and
when root turnover is likely minimal and that therefore it seems probable
that water travelled around root channels along existing live roots”.3®
In addition, studies examined the role of stem flow (that is, the flow
of intercepted water conveyed down the trunk or stem of a plant) as a
major source of infiltration into the soil3% 4° (Koichiro, 2001; Johnson and
Lehmann, 2006). The infiltration mechanism is presented in Figure 6 a&b.
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FIGURE 6(B): SCHEMATIC DIAGRAM OF HIGH INFILTRATION IN FOREST AREA

Johnson and Lehmann (2006) determined that infiltration of stem
flow, which results from the partition of rainfall by the tree canopy, is
enhanced by root-induced preferential flow. The amount of precipitation
accounted for as stem flow ranged from less than 1 to as much as 22
percent of incident rainfall above the forest canopy where the rainfall
averaged 24 to 200 inches per year. The hydrological role of stem flow is
as a water source to the soil beneath the forest. Although the ratio of stem
flow to precipitation is small in a forested basin, the effect of stem flow
on groundwater recharge might be relatively large.4

Not only will the overall quantum of river water stabilize by
afforestation but the quality of water will also improve. This is because
the major source of pollutant in our rivers is the agro-chemicals used in
agriculture. Having green cover will ensure that the rhizosphere of the
tree filters out these agro-chemicals from the soil and runoff water before
it seeps into the river itself.4> A detailed reasoning on the effect of tree
plantation on the ground water and the hydrological cycle is presented in
Annexure 1.
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EFFECT ON SOIL

Afforestation ensures increase in soil biodiversity and reduces soil
erosion. Soil bio-diversity is improved due to multiple rhizospheres of
different fruit crops, and the presence of a variety of microorganisms
associated with the rhizosphere. The role of afforestation in the
change of soil organic matter, after establishing new forest on former
agricultural lands, is scientifically proven. It is observed that afforestation
considerably increases the organic matter in erstwhile agricultural land.*
It was also observed that there was a substantial amount of increase in
the soil’s ability to sequester carbon, improved soil quality and ecosystem
services provided by the soil.4

Soil erosion is totally avoided by the non-tillage, multi-tier,
multi-crop, and mulching model that has been proposed, resulting in
better runoff, leading to increased surface flow. The runoff water is also
pollutant free. A soil scientist writes about the poor state of the Indian
soil, in relationship to rivers and farmers, and how tree plantation can be
part of the solution in Annexure 7.

EFFECTS ON CLIMATE CHANGE

Most of us understand that burning fossil fuels releases carbon that
was once buried deep beneath the earth into the atmosphere, turning
the planet into one big greenhouse in the process. But in addition to
petroleum underground, the soil on the surface of the earth contains
a sizable store of carbon in the form of organic matter. Plants add
organic matter to the soil when they decompose, and photosynthesis, by
definition, removes carbon dioxide from the air and pumps it through the
roots of plants and into the soil.

India has set ambitious targets to reduce our carbon footprint. By
2030, our Prime Minister has committed that India will reduce emissions
by 33 to 35% per cent of 2005 levels. A key way in which this will be done is
by enlarging our forest cover to absorb at least 2.5 billion tonnes worth of
carbon dioxide.
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In the context of that national objective, it is useful to note that one
fruit tree approximately absorbs 4.22 gm of carbon per hour. One square
kilometer of tree cover has the potential of sequestering 3,500 tonnes
of CO, per year at 400 trees per acre. So 2000 square kilometers of tree
cover has the potential of absorbing 7 million tonnes of CO, per year.
Across the 20,000 km of river length in the country, that represents a
reduction of 140 million tonnes of CO, per year. That makes a significant
6% contribution to the national carbon footprint reduction goal via
forest covers. This 6% is a conservative estimate — it is likely to be higher
because we haven’t accounted for two factors: the relatively higher carbon
sequestering ability of a multipurpose tree versus a fruit tree; and the fact
that we would save methane emission from annual crops like paddy by
flood irrigation which has much higher global warming ability.

Carbon farming? is agriculture’s answer to climate change. Simply
put, the goal is to take excess carbon out of the atmosphere, where the
element causes global warming, and store it in the soil, where carbon
aids the growth of plants. The principle is pretty straightforward —the
practice, not so much.4® The reduction of temperature in the riverine
ecosystem results in reduction in riverbank temperature relative to the
river water temperature. This will lead to recharge of groundwater, and
will also prevent loss of nutrients in soil into the river.

Non-destructively harvested perennial (NDHP) crops is a
categorization of plants/trees that can meet human needs of oil,
carbohydrates, proteins and energy, by not destroying them after they
yield their produce. Replacing perennial crops that are destroyed every
year after the yielding of the produce with NDHP crops, we ensure that
the soil is not tilled and therefore the organic carbon is intact. No tillage
also saves energy that is spent by machinery used for this purpose.4’

An excerpt from the book on Carbon Farming, that looks at trees and
tree-based farming as a solution to the climate change conditions that
perennial crops suffer is presented in Annexure 8.
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EFFICIENT DEMAND
MANAGEMENT

Agricultural water demand amounts to almost 80% of the total fresh
water demand in our country. In this section we discuss the technical
solution to address this demand. The demand management of industrial
and domestic water is not dealt with in detail here, as it requires
regulatory mechanisms to address it. These will be discussed in Chapter
4 in detail as a part of the implementation framework for revitalizing
rivers. In this section we try to improve agricultural water use efficiency
through appropriate micro-irrigation technologies thus reducing the
demand substantially.

The quantum of water used for irrigation in the last century was
of the order of 300 km3 of surface water and 128 km3 of groundwater — a
total of 428 km3. The estimates indicate that by the year 2025, the water
requirement for irrigation would be 561 km3 for a low-demand scenario
and 611 km3 for a high-demand scenario. These requirements are likely
to further increase to 628 km?3 for low-demand scenarios and 807 km3 for
high-demand scenarios by 2050. As the world population is increasing
at a very fast rate, to meet the food requirement it becomes essential
to increase the food production at the same rate. To enhance food
production, more land should be brought under cultivation and irrigation
And so efficient use of available water resources is becoming unavoidable.
To tackle this issue, adoption of a micro-irrigation drip system is the best
solution.48

Drip irrigation is an advanced method of irrigation wherein water
is delivered directly at the root zone of crops at frequent intervals in
a controlled manner through a closed conduit pipe network. In drip
irrigation, generally irrigation is given on a daily basis to fulfil the day-
to-day crop water requirement. As water is conveyed through a network
of pipes and delivered precisely only at the root zone of crops, the
conveyance losses or in-field application losses are almost nil, enabling
overall application efficiency as high as 90-95%. In conventional flood
irrigation, water is allowed to flow through open canals and field channels
and spread in the entire area of irrigation irrespective of cropped and
uncropped areas / root zones. As this is uncontrolled water application
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through porous soil media, most of the water gets lost due to evaporation,
runoff, deep percolation, etc., resulting in overall irrigation efficiency as
low as 40-60%.49

In the conventional flood irrigation method, it is a general practice
to apply water to soil once in a week or so. In such irrigation, soil moisture
content reaches saturation upon irrigation and recedes to wilting point till
the next irrigation. In these situations, most of the time plant roots suffer
either due to saturation or moisture stress which results in monotonous
plant growth and yield. On the other hand, the daily water application
to the root zone of the crop in drip irrigation is an attempt to maintain
the soil moisture nearly at field capacity. Due to frequent application
and optimum moisture levels in the root zone, i.e. all the time favorable
moisture conditions, the plant grows well and yields good produce with
excellent quality.

Along with reduction in water use, there are many other advantages
to drip irrigation. These include improved crop yield and quality as
compared to the conventional irrigation method; minimized fertilizer/
nutrient loss due to localized application, reduced leaching, and reduced
weed growth. Water application efficiency is high and it is not necessary
to level fields. Drip irrigation can irrigate irregular shaped fields. It avoids
soil erosion, and soil type plays a less important role in the frequency of
irrigation. The distribution of water is very uniform, labour cost is low
and variation in supply is possible by regulating the valves and drippers.
Fertigation is possible with minimum wastage of fertilizers, and the
foliage remains dry, thus reducing the risk of disease. More details about
the effect of drip irrigation are presented in Annexure 9.

THE KNOTS UNTIED

The first chapter looked at the state of rivers and the reasons
for it. In this chapter we proposed afforestation and efficient demand
management as the technical solutions to revitalizing rivers. None of
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the proposed solutions are new or path breaking. Anyone who has an
understanding of the problem will be able to perceive the logic behind the
solutions proposed.

But the challenge regarding afforestation on either side of a
river as a solution is with respect to its implementability. Land on the
floodplains, especially beside the river, happens to be one the most
fertile land patches of the basin with active farming practiced on it. The
solution cannot be relocating farmers or removing urban encroachment
or shutting down polluting industries. The solution has to be developed in
the context of the present conditions on the river side.

The generic technical plan of how much afforestation, and what
kind of afforestation around the riverside, will be discussed in Chapter
3. Implementation of the technical solution proposed is also covered
in Chapter 3, while mitigating the knots formed by the current river
management paradigm and pollution control will be dealt with in
Chapter 4.
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INTERLINKING
OF RIVERS

Interlinking of rivers as a concept was first proposed over a hundred
years ago and has been revived several times since. The concept gained
new momentum in the early 2000s, was legally challenged, and the
Supreme Court finally gave it a go-ahead in 2006. The first phase of the
Ken-Betwa link and the Damaganga-Pinjal link are now being expedited.
Is this going to be yet another knot that we have to undo? We will briefly
examine the basic concept, and the arguments for and against it.

INTERLINKING RIVERS - THE CONCEPT*°

In 1980, the then Ministry of Irrigation and Central Water
Commission formulated the National Perspective Plan (NPP) for
Water Resources Development envisaging Inter-Basin Water Transfer
comprising of the following two components.

HIMALAYAN RIVERS DEVELOPMENT - 14 LINKS

Himalayan Rivers Development envisages construction of storage
reservoirs on the main Ganga, the Brahmaputra, and their principal
tributaries in India and Nepal. Additionally planned are an interlinking
canal system to transfer surplus flows from the eastern tributaries of the
Ganga to the west, and the linking of the main Brahmaputra with the Ganga.

Apart from providing irrigation to an additional area of about 22
million hectares, and the generation of about 30 million kilowatts of
hydro-power, it will provide substantial flood control in the Ganga-
Brahmaputra basin. It would provide 40,000 cusecs to Calcutta Port and
would provide navigation facilities across the country. The scheme will
benefit not only the states in the Ganga-Brahmaputra Basin, but also
Nepal and Bangladesh as well as the northern and western states of India.

PENINSULAR RIVERS DEVELOPMENT - 16 LINKS
This consists of four parts described below.
Interlinking of Mahanadi-Godavari-Krishna-Pennar-Kaveri

It is assumed that the Mahanadi and the Godavari are likely to have



Revitalization of Rivers In India Draft Policy Recommendation ig‘,w

sizable surpluses. Therefore, it is possible to divert the surplus of the
Mahanadi and the Godavari to the rivers that are facing water-shortage:
Krishna, Pennar and Kaveri. Essentially, this proposal considers the
diversion of 15 million acre-feet of Mahanadi flows to the Godavari and
a transfer of 30 million acre-feet from the Godavari and its tributaries to
the Krishna Basin.

Interlinking of West Flowing Rivers, North of Mumbai and South of Tapi

A number of short-length rivers flow into the west coast north of
Mumbai and south of Tapi. Construction of as many optimal storages as
possible on these streams and interlinking them can allow an appreciable
quantum of water to be transferred to areas severely in need of additional
water. Two link-canals are envisaged. The first canal will run northwards
from Damanganga and connect it with the Tapi and Narmada rivers.

A southern link canal starting from the Damanganga can run along a
suitable alignment at the appropriate elevation to Mumbai.

Interlinking of Ken with Chambal

The Ken, Dhasan, Betwa, Sindh and Chambal rivers are southern
tributaries of the Yamuna draining about 2.4 lakh square kilometers
including the Malwa plateau, Bundelkhand and Baghelkhand, which are
amongst the most backward regions in the country and prone to frequent
droughts. In order to provide a water grid for Madhya Pradesh and Uttar
Pradesh in this region, an interlinking canal could be identified backed by
as much storage as feasible.

Diversion of West Flowing Rivers

The narrow coastal plains of India along the west coast, stretching
from Kanyakumari in the south to the Tapi in the north, have distinct
features both in topography and water resources. The bulk of the rainfall
is contributed by the southwest monsoon and a good part of it precipitates
on the western side of the Western Ghats because of the high mountains
in this region. The narrow coastal belt has numerous rivers and streams
which empty into the Arabian Sea. The west flowing rivers in Kerala
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alone carry an average annual flow of 62 million acre-feet, and those in
Karnataka, 50 million acre-feet. The proposal in Kerala is to store and
convey water from one river basin to another and transfer the surplus
portion of it from west to east for irrigation in an economical manner.

BENEFITS ENVISAGED

Through the program of interlinking rivers, the National Perspective
Plan projected additional irrigation potential of 35 mha and hydro-power
generation of 34,000 MW. Other benefits would include domestic and
industrial water supply, mitigation of droughts, flood management,
navigational facilities, fisheries, salinity control, pollution control,
infrastructure development, employment generation and socio-economic
development.>

An economic impact assessment by the National Council of Applied
Economic Research (NCAER)52 states that the short-term impact of the
link canal is in the form of increased employment opportunities and
the growth of the services sector. Sectors supplying crucial inputs to
the construction sector, such as cement and iron and steel, will also
grow. In the medium to long term, the major impact of link canals is
through increased and assured irrigation. Although the major and direct
gainers of the ILR program will be agriculture and agriculture-dependent
households, the entire economy will benefit because of increased
agriculture production.

NCAER estimated the cost of the program as Rs. 4,34,657.13 crore
or Rs. 4,44,331.20 crore at 2003-04 prices. In the short-run, the direct
impact of increased investment in the construction sector by Rs. 10,000
crore would result in increased value-added of the construction sector
by 3.80 percent. However, due to its forward and backward linkages, the
value-added of cement would increase by 2.46 percent, structural clay
products by 2.37 percent and basic metal and metal products by 0.65
percent. The increased income in the economy would demand more goods
and services and thus all sectors of economy would experience growth
in their value-added. It is estimated that the incremental value-added
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generated in the economy would be Rs. 17,424 crore (0.91 percent) by Rs.
10,000 crore of additional investment in construction. Direct employment
in the construction sector would grow by 22.74 percent. Sectors such

as coal tar products, cement, electricity, gas and water supply would
experience a higher growth of employment than the construction sector.
Total employment in economy would increase nearly by 4 percent.
Household income would increase by Rs. 16,267 crore. All household
categories would augment their income. Aggregate private income would
grow by 0.76 percent.

THE CASE FOR A CAUTIONARY APPROACH

Against the economic rationale proposed for the project; there are
strong economic arguments, bio-physical and climate science arguments,
and ecological arguments 53 that advise us to exercise abundant caution
when considering such a large-scale engineering of our water resources.

ECONOMIC ARGUMENTS

The interlinking of rivers idea is based on the fact that there are
parts of India which have surplus water and parts that are deficit, and so
water must be transferred from surplus to deficit regions so every region
has the amount of water needed to support its population. However,
the concept of “surplus” and “deficit” has been questioned, since it
does not relate to consumption but economic activity. The transfer of
water across geographies is mainly supposed to stimulate economic
activity of agriculture, industry and services. But natural endowments
have always been different and so have the economic activities around
them. In an increasingly connected world, we are no longer dependent on
food or industrial products produced locally. If all food is grown in a few
“agricultural breadbaskets”, an urban region, which uses water mostly
for domestic purposes, does not need the same amount of water as a
rice-growing belt that feeds the whole nation. The counter-argument
therefore is that the economy has to grow within the parameters of locally
available resource endowments.
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Also, it is estimated that there are around 10 to 13 million fishermen
alone earning their livelihood from the Gangetic Basin.># In the peninsular
states of Odisha, Andhra Pradesh, Tamil Nadu and Pondicherry, around
0.6 million, 0.6 million, 0.8 million and 50,000 fishermen, respectively,
are dependent on the river and its ecosystem.5 The livelihood impact
assessment for these fishermen, as well as other livelihoods dependent
on river ecosystems, needs to be conducted as part of feasibility studies
for interlinking projects.

BIO-PHYSICAL AND CLIMATE ARGUMENTS

The concept of a “surplus” basin is based on a narrow focus on
water for certain human needs in parts of these basins, rather than the
comprehensive assessment of the functions and services provided by
the so-called “surplus” from head-waters to downstream tributaries,
and ultimately the estuaries and deltas. The “surplus” water in a basin is
often the driver of sediment movement through our river systems — and
maintaining sediment dynamics in these rivers is crucial for the ecological
and water-quality integrity of these rivers.

The paradigm of “surplus” and “deficit” basins is based on the
premise of “stationarity”: an unvarying climate and its associated river
flow in both so-called “surplus” and “deficit” basins. However many
parts of India are undergoing complex changes in the monsoon regime
and are expected to undergo even more changes in rainfall regimes in
the coming decades due to complex effects of warming atmosphere and
oceans, impacts of aerosols and land-cover change. Since the 1950s the
monsoon has been weakening in regions such as the Western Ghats and
in parts of central and northern India. Furthermore the temporal and
spatial distribution of rainfall has become more variable. Rainfall in parts
of the country is now happening for fewer days and often in very intense
spells. The so-called “surplus” basins may in fact face severe water stress
due to shifts in the nature of rainfall.

There is now an increasing recognition of the role of fresh-water
inflow in the Bay of Bengal from rivers, the fresh-water “river” that flows
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down the east coast of India and into the Arabian Sea, and the reversal
of flows in the post-monsoon period that controls the salt balance
levels in between the Bay of Bengal and the Arabian Sea. This transfer of
fresh-water, sediments and nutrients from the land to the sea, and the
changes through the seasons, underpins the productivity of our marine
ecosystems and sustains marine fisheries. Furthermore the impact of
this phenomenon on climate and the monsoon is still largely unknown.
The idea of a “surplus” in many river basins overlooks the role that this
“surplus” plays in the productivity of our floodplains, estuaries, deltas
and coastal and marine fisheries.

ECOLOGICAL ARGUMENTS

Many river basins in India have distinct geology and biogeography.
In addition, they carry different pollution loads. Inter-basin transfer
could severely disrupt the ecology of both contributing and receiving
rivers, with potential loss of river fisheries, aquatic biodiversity and
proliferation of invasive and alien species.

The proposed river-links will pass through 1200 km of forests
and protected areas throughout the country and disrupt ecological
connectivity in many regions, apart from displacing people.

For example, Ken-Betwa, the first of the river links which is being
implemented, will result in the loss of two lakh trees in the forests of the
Ken basin, which is an irreparable ecological cost. The estimated cost of
the link is Rs. 17,700 crore at 2015-16 prices. The benefits of the link in
meeting the genuine needs of the water stressed parts of Bundelkhand, its
impact on the ecology of the Ken basin and the comparative advantages
of alternative water management strategies need to be carefully assessed
before going ahead.

“SURPLUS” BASINS AND DYING RIVERS

As we have seen earlier in this chapter, many of our rivers are dying.
Rivers that were perennial are becoming seasonal, and many rivers are no
longer reaching the sea for a large part of the year. This poses yet another
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challenge to the concept of “surplus” and “deficit”. In our view, the
underlying assumption of interlinking of rivers, that the average flow
in each river is constant, and inter-basin transfers will yield additional
water resources for exploitation, has been weakened. At our present
juncture, we need to see our rivers as endangered entities that need to
be nursed back to life by augmenting their flows. This is of paramount
importance. Shifts in cropping patterns towards less water intensive crops
as well as more efficient irrigation practices need to be encouraged with
adequate investment and support. Only after that, can small-scale river
linking projects (to start with) be scrutinized carefully in terms of bio-
physical, climate change, ecological and economic aspects.
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CONCLUSION

To sum it up, interlinking of rivers as a solution should be based
on scientific reasoning, and politics or emotions should not determine
the extent of river linking we do. Interlinking can be considered
as a flood mitigation measure. India being a tropical country with
high evapotranspiration and over-exploited groundwater resources,
interlinking will serve its purpose of irrigation augmentation if water
were to be efficiently transported in closed pipes instead of open canals.
A few interlinking projects have already rolled out. It is suggested that
the economic gains from these projects are weighed against the loss of
natural resource capital, before embarking on new projects. In India rivers
are mostly forest-fed; therefore bringing back the tree cover on the either
sides of the river is the only long-term sustainable solution to address
water scarcity and reduce the impact of floods and droughts.
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Chapter 03

WATER-EFFICIENT TREE
PLANTATION —ASOLUTION
FOR REVITALIZING RIVERS
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“Trees are the only living beings that can invite the rains.

Through their body and roots they water the soil and
breathe life into the earth, they let the rivers flow.

Setting aside all the economics of what trees can do, the
simple services that these trees deliver quietly, which are
mostly taken for granted, are the most important and

life-giving ones.”

~ G. Nammalvar?
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ource augmentation and efficient demand management
are the approaches proposed to revitalize rivers.
Afforestation and tree-based agriculture are proposed as
the method to augment the water source of a river. Drip

irrigation and other forms of micro-irrigation are proposed as a solution
to reduce agricultural water demand and as regulatory mechanisms to
improve domestic and industrial water quality and use. Iterating the
solution here again:

Afforestation of a minimum of 1 km-width on either side of
large rivers for their entire length is the solution proposed to revive
the flow in the rivers through augmentation of the source of water.
The fundamental reasons behind this solution lie in the role a forest
plays in closing the hydrological cycle, and its effect on groundwater
aquifers, soil and as a climate stabilizer.

We also propose to improve agricultural water-use efficiency by
change in the land use through agro-horti-forestry and appropriate
micro-irrigation technologies that substantially reduce the water
demand.

The core solution to stabilizing our rivers by creating and
maintaining a green cover for a width of a minimum of one kilometer
on either side of the river, should happen on a continuous stretch of
the river for few hundred kilometers, so as to see visible results of river
revitalization. This is possible only when governments lead an initiative
of this scale with massive people participation.
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LAND USE PATTERNS
ON RIVERSIDES

Data and maps of land use along the entire length of the rivers of
India are to be made available. To implement any solution on a piece of
landmass, it will be essential to know who owns the land. Broadly the land
can be classified as public land, or land owned by a private individual — a
farmer, or an industry. The percentage of riverside land owned by private
farmers is expected to be 60%-75% in the state of Madhya Pradesh.> It
will be safe to assume that in most states, except the Himalayan states
(like Uttarakhand where most of the land of the state is reserve forest,
including riverside lands), riverside land held by the governments will be
around 25 to 40%.

Therefore, the solution of afforestation should have two different
approaches — one for public land (river banks and forest land) and
another for the farm land. While the solution proposed for the public
land will have the forest as the primary stakeholder, the farm lands will
have farmers and their livelihood as the priority. So in the case of public
land, raising dense forests with native and endemic trees and shrubs
is suggested as the solution and for farm lands, agro-forestry based
livelihood is suggested.

Ideally the solution suggested will work best when implemented on
the entire length on either side of the river continuously from the origin
of the river until it meets the sea (or another river). But the solution
proposed here and the means to implement it are novel. Therefore a
target of 1 km on either sides of river on a continuous stretch of 100 km
or more is suggested. Although the 1 km-width suggested in the solution
is scientifically valid, for tributaries and smaller streams this width
could be correspondingly smaller (e.g. 500 m or less). The one-kilometer
corridor recommendation is also supported by the widely held view
amongst forest experts that even one square kilometer of forest is enough
to generate rainfall by harvesting passing clouds given the Ekman spiral
phenomenon (see Chapter 2).
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VILLAGE AS THE UNIT OF OPERATION

When we say that the expanse of the project on the riverside be 1 km
in width, it is only a suggestion. It is more important to note that the unit
of operation for implementation of the solution should be the village. In
the previous chapter we discuss how Integrated Watershed Management
Programs were difficult to implement due to the lack of overlap between
watershed boundaries and political boundaries. The width of agro-
forestry in farm lands could be determined by the number of villages
that fall on a 1 km lateral distance from the river, as a whole. This way,
we can work with a village as the unit of operation thus using the 73
Amendment of the Constitution.
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COMMON POLICY ECOSYSTEM CONDITIONS
FOR SUCCESSFUL TREE PLANTATION
ON PUBLIC AND FARM LANDS

There are many technically sound solutions for developmental
or environmental problems. It is not due to lack of solutions that the
nature and our rivers are in such perils; it is mostly due to pit falls in the
implementation environment.

The solution of planting trees on either sides of the river appears to
be quite simple, but it requires a lot of preparation that needs to be done
by people in the target areas, as well as setting up of infrastructure for
large-scale tree plantation. These conditions discussed here need to be
taken into consideration when taking up large-scale projects to revitalize
rivers.

BEHAVIOR CHANGE COMMUNICATION TO STAKEHOLDERS

By virtue of being a consumer/water user, every individual
inherently is a stakeholder in revitalizing our rivers. It is crucial to launch
an awareness campaign, specific to each stakeholder group (farmers,
consumers, government departments, industrialists, students, citizens,
etc.), for behavior change towards rivers. The Rally for Rivers is one of the
first such large scale initiatives to re-ignite the connection we as people
of this country have had with our rivers.

Farmers: The most important group of stakeholders who have a
major stake in the proposed solution are the farmers. In this chapter’s
section on farm land, the proposed solution asks farmers to change their
cropping pattern with a promise of better income. But in the past, farmers
of this country have changed crops in the promise of better returns only
to be left worse off. There are many instances where due to the losses
incurred many of our farmers have committed suicide. The behavior
change communication targeted at farmers should be the most important
one. The training and awareness generation for farmers in this belt will
have to cover areas of tree-based farming, organic inputs, chemical-
free farming, use of micro-irrigation technologies, formation of Farmer
Producer companies and dealing with agri-businesses. Farmers in the
target area must clearly perceive that there will be support and guidance
throughout the program until they realize the economic gains.
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Communities Dependent on Forest Produce: For the work that is
envisaged on the public land, the communities that have rights on the
forest should be made aware of the proposed plan, what it could mean
for them, and their role in it. These communities have borne the brunt
of restricted access to forests, which their ancestors were able to access
freely. This afforestation on public land should ensure to build upon the
individual and community rights that the Forest Rights Act, 2006 has
bestowed on these communities.

Consumer: The next stakeholder, who is very important in making
this whole solution on farm land successful, is the consumer of the farm
produce. This includes all of us in this country who eat tree produce
like fruits. Creating awareness on consumption of fruits and creating a
willingness among consumers to pay a fair price needs to happen in a
continual way like the National Egg Co-ordination Committee’s Sunday ho
ya Monday Roz khao ande campaign.

Government: The crucial stakeholders that will make this
whole solution take off are the government departments. The various
departments involved in different tasks have to come together to put
this plan into action. An overall communication to all the government
departments about the larger plan and the specific roles of each
department will facilitate smooth roll out of the solutions.

Industries: The last but not the least are the industries. The farmers’
tree-based produce should be decided based on the industrial demand
and the industries’ commitment to procure the produce before a farmer
engages in production. This approach of guaranteed procurement has
been demonstrated by some of the agri-businesses in Tamil Nadu. EID-
Parry enters into buy back agreements with farmers from FPOs and
that provides security for farmers in more than one way and lessens
their anxiety. Such changes in behavior on the part of industries are a
convincing nudge for a farmer to convert to tree-based farming.
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PEOPLE’S PARTICIPATION AND OWNERSHIP

Participative planning along with Gram Panchayats and Urban
Local Bodies: With the Constitutional mandates of the 73rd and 74th
Amendments, both Gram Panchayats and Urban Local Bodies are
respectively responsible for the overall wellbeing of the people and the
environment of their political jurisdiction. It has been observed that any
large-scale projects conducted with the participation of local government
bodies have been quite successful. PRIs and ULBs should be given the
mandate to facilitate community participation during the decision making
process regarding agro-forestry in the farm lands of the villagers. This
process can be strengthened with the support from agriculture universities,
forest departments and NGOs working in the region. A detailed note on
PRIs and their role in local self-governance, especially in agriculture and
watershed development, is provided in Annexure 10. A similar role can be
designated for PRIs in this agro-forestry model on riversides.

Even in the case of forestry in public land which could be reserve
forests or protected areas, it would be best to ensure the Individual
Forest Rights (IFR), community and Community Forest Resource (CFR)
rights of the communities dependent on the forest (prescribed under
Forest Right Act, 2006) are respected. These rights, granted for tribals
and other traditional communities that have been dependent on forests
for generations, are an attempt to renew and strengthen the human-
forest relationship that was strained by certain environment and forest
protection laws that were mooted by the British to serve their timber
requirements. The community forest rights allow these communities
to make use of specific kinds of non-timber forest produce. Hence, the
decision making about the types of trees to be planted in the public land
could happen after discussing the scientifically and economically viable
options with these communities. A note on forestry in community forest
land and in village common land, as well as relaxation of rules to harvest
forest produce in the national agroforestry policy (2014) is discussed in
Annexure 11.
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SATURATION MODEL

For any work on the river to have the desired effect, it has to be
implemented on the entire length of a target area. The stretch could be
100 km or 200 km on the river side. To see the effect of tree plantation on
the riverside it is necessary that the entire stretch has trees planted on
it. Otherwise, inadequate tree plantation will only serve to increase water
levels in depleted aquifers without translating into increased river flow.

QUALITY PLANTING MATERIAL APPROPRIATE FOR THE REGION

Production of Quality Planting Material (QPM) by establishing
nurseries is the first step to planting trees on the floodplains. A tree
plantation activity of this scale, where trees are planted on both sides of
a river at a width of 1 km for hundreds of kilometers, will require millions
of saplings. And if the QPM is not of good quality it will not produce
economic returns.

Only 10% of QPM reaches the resource-poor remote regions.4
Quality assurance of genetically improved planting stock, particularly for
long-rotation timber species, is crucial for safeguarding the interests of
farmers and industries.

The projected annual requirement of planting stock is going to be in
millions of seedlings from different tree species. To fulfill this, research
institutions, private organizations and forest departments must come
together to establish good linkages among farmers for the production of
planting material for 20 identified species in the National Agroforestry
Policy. National and state-level research institutions, forest departments
and universities should enter into a convergence mode to cater to the
needs of superior planting stock. There is a challenge to develop a
mechanism for certification of nurseries and planting material. A suitable
mechanism for laboratory and nursery accreditation must be developed.
We can study and learn from agencies involved in certification services in
the forestry sector in the country. Well-evolved agroforestry systems can
turn out to be self-sustained production systems wherein zero external
inputs like fertilizers and pesticides are used. These kinds of agroforestry
systems can also be subjected to organic farming certification at the
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national and international levels to bring in additional income and
incentives.>

The choice of QPM for either the public or private land should
be arrived at after taking into consideration the agro-climatic zone,
hydrogeology of the region, tree and shrub species of the native
ecosystem and also the knowledge of the community elders and
agriculture universities of the region. Although the proposal suggests
trees, the tree plantation has to happen without disturbing the existing
scrubland, wetland or grassland ecosystems that are native to a particular
region. Dr Kumar in his detailed report on agro-forestry models for farm
land discusses the importance of QPM for yield and quality of produce.
This report is available in Annexure 12.

The Working Group on Horticulture and Plantation Crops for the
Eleventh Five Year Plan had projected the total requirement of planting
materials of fruits, coconut, cashew, black pepper, tree spices, areca-nut,
etc. as 2000 million by the year 2012 at a modest growth rate of 4% per
annum. In the segment of fruit crops alone, the projected demand for the
planting material was 7,145,851 by the year 2007-08; which was expected
to increase to 8,359,632 by the year 2011-12. Supply of such a huge
quantity of disease-free, true to type quality planting material is a big
challenge and needs to be addressed at the right time at a national level.®

The Seeds Act and the Nursery Registration Act have been in
operation since December 1966. However, as reported by the said Working
Group, the Nursery Registration Act is presently in force in respect
to horticulture nurseries only in the States of Punjab, Maharashtra,
Himachal Pradesh, Uttar Pradesh, Uttarakhand, Jammu and Kashmir,
Orissa and Tamil Nadu. Some system of registering/monitoring exists
for horticulture nurseries in the States of Andhra Pradesh, Assam, Bihar,
Goa, Haryana, Karnataka, Kerala, while there is no horticulture nursery
act in the States of Arunachal Pradesh, Chhattisgarh, Jharkhand, Madhya
Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Rajasthan, Sikkim,
Tripura and West Bengal. In the absence of any formal system of quality
assurance for horticulture planting material, it is not feasible to put any
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kind of quality control related restrictions on horticulture nurseries which
do not have adequate production-related infrastructure and pedigreed
mother plants.?

Under this situation, the National Horticulture Mission has taken
initiative to specify Nursery Standards by specifying infrastructure
required for setting up of a Model Horticulture Nursery. With a view
to ensure availability of good quality planting material, the National
Horticulture Board (NHB) of Ministry of Agriculture (GolI) has started a
system of Recognition of Horticulture Nurseries on a voluntary basis since
2009-10. Under this scheme, so far 1413 nurseries have been accredited
till 2015-16, and these nurseries are expected to renew their accreditation
once in two years. This accreditation system encourages healthy
competition between recognized nurseries to retain their accreditation
vis-a-vis production and supply of QPM. This system would definitely
help to ensure the availability of QPM in horticulture crops. Still, farmers
are to be suitably educated on the need to procure the QPM from these
recognized nurseries only, and the State Governments should also strictly
enforce these standards by suitably modifying their State Seed Acts on
supplying Quality Planting Materials (QPM).?

Local Self-Help Groups (SHGs) can be given the business of setting
up nurseries and producing QPM to service the local needs.

Project GreenHands of the Isha Outreach program, through its Green
School Movement, has involved school children in planting trees in their
villages. Children under this movement can also be involved in cost effective
nurseries for QPM required for their village’s farm land or forest land.
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THE TECHNO-ECONOMIC MODEL:
TREE PLANTATION MODEL FOR PUBLIC LAND

DECLARING THE PROGRAM AREA AS A CHEMICAL-FREE ZONE

Declaration of floodplains to be chemical-free zone: According to the
definition of what a river is by the Government of India, “nirmal dhara”,
or unpolluted flow is an important characteristic. Therefore, it becomes
necessary that the cultivation done on the target area is chemical- free, so
that the runoff from the agricultural land to the river does not carry any
residual pesticides or chemicals thereby ensuring good water quality in the
river. This will also imply that mandatory regulations of industrial effluent
standards and effluents from urban sewage treatment plants are detailed.

It will be simpler to implement a solution when the primary
landholder is the government. The roll out of forestry on public lands
can be quick compared to farm land agro-forestry. The forestry plan
and design on government-owned land should be developed taking into
consideration the communities that depend on the forest. In the previous
section about policy ecosystem precondition of people’s participation, we
looked at how involvement of tribal and indigenous communities of the
forest is necessary to ensure their community forest and forest resource
rights are not violated. The trees that are planted should be native
or endemic species that suit the agro-climatic zone and hydrological
conditions. The implementation and maintenance plan should be in
consultation with the communities that are dependent on the land. This
ensures that the community owns the protection of the forest. All the
ecosystem-preconditions that are listed above are necessary conditions
that will help in successful implementation.

The forestry component should be a composite of multi-purpose
trees which are native and endemic to the area. It is pertinent to note that
we are including here both the government owned forest lands, and the
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government owned river banks — which constitute roughly 40% of the
river length.?

The river bank also needs to be protected through non-engineering
measures such as through growth of suitable vegetation and grasses that
would hold water in soil in their root zone and prevent scouring erosion
and sloughing of river bank. Grassland vegetation like vetiver can be used
to strengthen the river banks and arrest floods too. For example, Vetiver
System (VS) developed by Vetiver Network International, is based on the
application of genotypes closely related to only the south Indian variety
of vetiver grass (Chrysopogon zizanioides) The extraordinary characteristics
of vetiver offer many livelihood related options to farmers, and also offer
a multitude of practical, inexpensive, low maintenance and very effective
bio-engineering techniques for steep slope stabilization, wastewater
disposal, phyto-remediation of contaminated land and water, and other
environmental protection purposes ranging from soil erosion control,
groundwater recharge and water conservation, embankment protection
during floods, etc. A note on the various benefits of vetiver as a shrub that
can be used to protect banks is available in Annexure 13.

Out of the total riverside land area available, if we take a stretch
of 1000 kilometers (2,00,000 hectares) of river length — of single or
composite of sections of different rivers - it is assumed that endemic
tree species in afforestation areas will cover 40% of the available area,
i.e. 80,000 hectares. This includes both government forest land, and
government river bank land.

The type of trees to be planted depends on the kind of soil in the
concerned area. Recommended species for different soil types are as given
in Table 1. This is a non-exhaustive list; there can be more varieties of
trees that can be added to the list as needed:
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TABLE 1: RECOMMENDED SPECIES FOR VARIOUS SOIL TYPES

Soil Type Suitable Species

Clay soil Azadirachta indica, Pongamia pinnata,
Swietenia mahagoni, Pterocarpus marsupium,
Terminalia tomentosa, Melia dubia, Dalbergia
latifolia, Dalbergia sissoo

(Any 4/5 species)
Red soil with 10ft minimum soil Swietenia mahagoni, Pterocarpus marsupium,
depth Terminalia tomentosa, Melia dubia, Dalbergia
latifolia, Azadirachta indica, Santalum album
and Pterocarpus santalinus

(Each 15%)

Red laterite soil with 5ft soil depth Tectona grandis, Swietenia mahagoni,
Santalum album, Pterocarpus santalinus,
Dalbergia latifolia, Azadirachta indica, Melia
dubia, Ailanthus excelsa

(Each 20%)

Alluvial soil Tectona grandis, Swietenia mahagoni,
Pterocarpus santalinus, Terminalia
tomentosa, Melia dubia, Dalbergia latifolia,
Neolamarckia cadamba

(Teak 60%, others 10%)

Uncultivable soil Azadirachta indica, Albezia lebbeck,
Dalbergia sissoo, Ailanthus excels, Pterocarpus
santalinus

(Each 20%)
Swampy soil Terminalia arjuna, Casuarina junghuniana,
Pongamia pinnata

(Any one of them 100%)

1 Qi
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COSTS INVOLVED IN THE FOREST MODEL FOR ONE ACRE OF FOREST LAND

In one acre of forest land, 250 native and endemic trees can be
planted. The cost involved per acre of land is given in Table 2. It is
pertinent to note that the condition of the land on which trees are planted
is one of the deciding factors of the sapling mortality rate. Therefore,

public lands chosen for plantation need to be treated first. Typically, the

treatments to degraded land include: contour trenches, pit trenches,
gully plugs, gabion dams, check dams, etc. Based on the amount of
deterioration of the land, a suitable mechanism should be adopted to treat

the land before tree plantation.

TABLE 2: COST PER ACRE OF TREE PLANTATION ON FOREST LAND

No Operations

[y

Land treatment / preparation works

N

Sapling Cost* including gap filling (20%)

Pitting and planting

W

4 Manuring and mulching

5 Maintenance (soil working, pruning, etc)

@)}

Drip Irrigation**

Total cost per acre of forest (Rs):

* Varies with species
** Optional

Cost per Unit

(Rs)
20,000

10
40
12
5000

25,000

Cost (Rs)

20,000
3000
12,000
3000
5000
25,000

68,000
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BOX1: PROJECT GREENHANDS OF ISHA FOUNDATION,
ITSJOURNEY AND NURSERIES

In the early 2000s, an agency of the U.N. conducted a survey in the state of
Tamil Nadu and predicted that 60% of the state would turn into a desert by
2025. Sadhguru decided to check up on this prediction and travelled around
Tamil Nadu. He saw that the state was headed towards desertification much
more rapidly than the U.N. prediction. The green cover of Tamil Nadu was only
17% and 11.4 crore trees needed to be planted to increase the green cover to the
required green cover of 33%

Realizing the profound ecological problems occurring in the state of Tamil
Nadu, Sadhguru applied his unique approach to the problem. He saw that the
population of Tamil Nadu was 6 crore If each one planted two trees and tended
to them, within 10 years, they would have 11.4 crore and our vision would come
true. Even the poorest of the poor are in a position to nurture two saplings, and
the rich and the resourceful have the ability to do much more. Therefore the
whole effort of PGH is primarily to plant trees in people’s minds first.

With this background, Project GreenHands (PGH) was launched in 2005 as an
inspiring grassroots ecological initiative. The first project was the rehabilitation
of the Tsunami affected coastal area where PGH planted 25,000 trees with the
community participation.

In 2006, as a first step, to raise awareness and to establish a public profile, PGH
undertook the seemingly insurmountable task of planting seven lakh saplings
across the state of Tamil Nadu in just one day. From the very beginning PGH
understood that” Awareness generation with action” should be the way to have
results A mass tree planting marathon was held on October 17, 2006 where over
200,000 volunteers planted 852,587 saplings in every district of Tamil Nadu in a
day resulting in the setting of a Guinness World Record. But unlike other records
and record holders, this is one record that PGH will be glad to see broken.

PGH received a wave of public, corporate and government support. PGH has over
the years, built on this foundation of support to reach out to communities and
people across the country. Starting from the geographical land area of Tamil
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Nadu, PGH is reestablishing the power of individual action for large-scale
change. Government institutions, NGOs, corporate partners, and individuals
have pitched in to grow saplings and plant trees, and to support the effort.
Through its activities, PGH aims to inspire people around the world to
appreciate the true value of trees and the vital role that they play within human
environments.

During the year 2010, Project GreenHands was awarded India’s highest
environmental award, the Indira Gandhi Pariyavaran Puraskar. On 30 Sep 2010,
PGH was declared winner of “Beyond Sports Award 2010” in the Sports for
Environment category in the award function at USA. Recently PGH won the
“Environmental Award — 2010” from Department of Environment, Government
of Tamil Nadu.

PGH has so far successfully enabled the planting of over 30 million saplings in
Tamil Nadu with the support and participation of over 2 million people.

Establishing nurseries to raise quality planting material was an important step
to be able to facilitate tree plantation at the scales PGH imagined. PGH has been
successful in establishing and running 35 nurseries across the state through
which on an average 4 million saplings are produced every year. 84 different
tree species (combination of fruit, fodder, timber, flowering and avenue trees)
endemic to Tamil Nadu are raised in these nurseries. School children, college
students, corporate employees, Isha volunteers, nature enthusiasts take part
in production activities like filling pockets with soil, transplanting seedlings,
watering etc. Earlier if someone wanted to plant trees they had to travel long
distances to procure tree saplings. Now with the network of nurseries this
definitely has reduced.

These saplings are offered to anyone who pledges to take care of the tree for

a minimum of two years. Awareness programs are organized in educational
institutions, offices and public functions, where saplings are distributed. These
saplings become the dynamic, living hearts of the PGH movement.

A detailed note on the various programs run by PGH in Tamil Nadu is provided
as Annexure 14.
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CREATING THE NURSERY INFRASTRUCTURE FOR
THE REQUIRED NUMBER OF SEEDLINGS

Under forestry plantation, the total number of quality planting
material required per stretch of 1000 kilometers of river is estimated to
be 8 crores, assuming 250 plants per acre. This will include the multi-
purpose trees to be planted in farm land also. To produce the required
QPM, roughly 400 acres of land area with water facility will be required.
The capacity of nurseries in the state may need to be strengthened. It is
important to develop sufficient infrastructure to produce QPM by organic
methods. This will be a critical element for successful implementation of
the project. Unlike the horticulture nursery which requires a three-year
period given sapling grafting, most of the seedlings can be deployed in a
year’s time.

22 Qs
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PLIGHT OF FARMERS IN INDIA

While we as a nation have been clocking decent growth rates, this
is hardly reflected in the wellbeing of our farmers. The farmers who have
put food on the plates of 1.3 billion people do not have enough to feed
their own families. Every year thousands of Indian farmers end their own
lives, and shocking as this is, it has become routine, regular news to us.
Around 3 lakh farmers have committed suicide in this country in the last
2 decades. Even wars do not result in so many deaths. Have we become
so insensitive that we do not care about the people to whom we owe our
well-being and our very life?

Farmers in India are classified as marginal, small, semi-medium,
medium and large, based on their land holding size. Small and marginal
farmers together make 85 per cent of the farming population in India.*
This set of farmers make up around 70 percent of the total debts incurred
by farmers.?> The amount they borrow ranges from a mere Rs. 23,900 to
35,400. And 72 percent of total farmer suicides are from this group.3

The impoverished state of the majority of the farmer community
can be attributed to many reasons. The agro-forestry in farm land,
although proposed as a solution proposed to river revitalization, attempts
to address these reasons which present various livelihood pressures for
farmers in the target areas.

In this section we try to articulate the fundamental technical and
economic reasons due to which the farming community is in its present
state of crisis. Without understanding these issues, there is a high
likelihood that this project of revitalizing rivers will not benefit farmers.
And so the techno-economic model of agro-forestry based farming needs
to address the issues that farmers face.

Let us look at the farming activity as a manufacturing enterprise that
produces agro-commodities. There are raw materials that are the input
into the farm, which are then worked on by the farmers, resulting in an
output (good/ produce) which is then sold. The two major inputs involved
in farming are water and soil (which do not have apparent costs). Water
crisis is elaborately discussed throughout this entire book, therefore in
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the next section, the state of soil and major issues surrounding it will be
discussed in detail. A farmer uses the seeds, fertilizers, pesticides and
his enterprise to produce the output — agri-produce which then comes to
our plates as food, or is worn by us as clothes, or is otherwise used (e.g.
furniture) after different levels of value addition.

The issues facing farmers today can be broadly classified into
input-specific issues and output-specific issues. Under the category of
inputs, the major input that needs attention, besides water, is soil and its
fertility, and seeds. In the output-specific issues we look at why farmers
realize such low margins for their produce.

Although the type of seeds used to farm is of utmost importance,
the soil health determines what comes of the seed. Here one must note
that the native seeds of any crop or tree have better climate and shock
resilience (from sudden change in weather, rains, temperature, etc.) given
their history of adaptation in their geographies. Thus, these native varieties
should be promoted and improved upon for stable farmer incomes.

The expenditure of a farmer with regards to soil is multiple times
that which he spends on procuring seeds. We look at the expenditure on
land treatment — ploughing and leveling the land, fertilizing the land,
and protecting the crops from pests. For any annual crop, land has to be
leveled and ploughed for every round of the crop. That is, if the farmer
takes three crops a year, he has to spend on ploughing and leveling at
least three times. The expenditure on ploughing and preparing the land
is around Rs. 4000 for a paddy farmer in Tamil Nadu. This is substantial
in comparison to the income of the farmer.** He spends on chemical
fertilizers, 3-4 times during the entire cropping cycle. He also spends
on different types of pesticides to protect his crop from different types
of pest attacks at different stages of the crop cycle. A majority of these
farmers practice the conventional inorganic farming. Only 0.3 per cent
of land in India is presently under organic farming (one of the forms of
sustainable farming). A farmer practicing inorganic farming spends up to
Rs. 4000 and Rs. 2150 per acre on fertilizers and pesticides, respectively,
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which make up a substantial portion of the total cost of Rs. 17,500 towards
growing paddy on one acre.’> Such expenditures which are aimed at ensuring
crop productivity have had negative consequences on the soil. We will
explain this in the next section, and see how the proposed techno-economic
agro-forestry based farming model is a solution for soil health.

CRISIS OF SOIL HEALTH

Soil crisis: After water, the second natural resource required to do
farming is fertile soil. The plant fetches 95 to 98 percent of its nutrients
from air and water — mainly carbon, oxygen, hydrogen and nitrogen.
The remaining 2 to 5 percent of its nutrient requirement is supplied by
the soil. Although miniscule in proportion, the soil is responsible for
some of the plant’s vital functions, like fruit bearing. With repeated
use of inorganic fertilizers — which are intended to supplement for the
deficiency of N, P, K in soil — the microorganisms responsible for the
production of micro-nutrients are killed.

Soil is not just a medium for crop growth but a living system. The soil
ecosystem is dependent on its biotic diversity for its health, functioning,
stability and sustained productivity. Apart from the nutrients required
for crop growth, it needs continuous nourishment with food for its
biotic component, macro (earth worms, millipedes, mites, etc.) and
micro fauna (bacteria, fungi and actinomycetes). To put it very simply,
in the words of Nammalvar Ayya (a legend in Tamil Nadu for promoting
sustainable farming for many decades), when we eat anything salty, we
get thirsty; similarly for the soil, when we feed it N, P, or K salts it needs
more water (irrigation). These salts increase the salinity of the soil over
the years, making it unfit for agriculture after a period of time. And as
salt does to pickles (kills all the microbes and saves the vegetable for our
consumption), it does to the soil too (kills microbes). The only difference
is that the microbes killed in the soil are the very ones which make the
nutrients in the soil available to the plant in a form that it needs. For it to
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be fertile, 2% of tropical soil should be made up of organic carbon: right
now in India most of the soil comprises only 0.05% organic carbon.

Despite significant growth in agriculture during the last four
decades in India, most of our important soil-based production systems
are showing signs of fatigue. All India consumption of fertilizers (N +P,0,
+ K,0) over the years has increased from 1.98 million tonnes in 1970
to 26.8 million tonnes during 2015-16 (Fertilizer Association of India).
Meanwhile, the partial factor productivity of fertilizers is declining in
intensive cropping systems in India. The partial factor productivity of
fertilizers during the last three and half decades showed a declining trend
from 15 kg food grains/kg NPK fertilizer in 1970 to 5 kg food grains/kg NPK
fertilizer in 2005. In the hurry for higher production, no serious attention
was given to long-term soil quality and sustained high productivity. As
a consequence, the annual compound growth rate of major crops has
declined from 3.36% in 1981-85 to 0.11% in 2001-05. Such gloomy trends
were also registered in the case of pulses and oilseeds, while cotton even
exhibited a negative growth rate.”

Even though there are soil test and crop-based fertilizer
recommendations available, farmers continue to follow their own ways of
applying fertilizers in expectation of higher yields — which contributes to
nutrient imbalances in soil and emergence of multi-nutrient deficiencies.
Most of the existing fertilizer recommendations are also based on an
individual crop’s requirements for a particular season only, which fail to
address the nutrient budgets for a cropping system. Biological nutrient
fixations in inter/mixed crop soil systems (e.g. cereal + legume) are also
not considered while calculating the fertilizer nutrient needs.

Unfortunately, most of the research experiments conducted in
agricultural universities, including long-term experiments on soil
fertility, focus mostly on assessing the soil’s nutrient status alone
(chemical property), neglecting the impact and interaction of physical
and biological properties on sustaining the productivity of the soil. It is to
be noted that integrated nutrient management approaches consider only
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the nutrient content of organic inputs towards nutrient additions in the
soil. Thus they may underestimate the role in organics, since they do not
consider their contribution towards enhancing soil fauna and micro flora;
this consequently improves solubilization of the soil’s native nutrient
reserves, apart from fulfilling the function of biological nitrogen fixation
from the atmosphere.

With more reliance on machineries, fertilizers and other
agrochemicals in the post green revolution era, most of the farmers
have forgotten the significance of livestock in Indian agriculture. Unlike
Western countries wherein a temperate climate favors accumulation of
organic matter in soil owing to low decomposition rates, Indian soils need
frequent replenishment of organic matter through incorporation of crop
residues and cattle manure. The high decomposition rates prevailing
under high temperature and intensive tillage necessitate regular
addition of animal excreta to maintain soil microbial population. (The
interrelationship of soil, its health and forests is provided in Annexure 7.)

Therefore, the main agricultural activities leading to soil degradation
in different agro-climatic regions can be summarized as:'®

« Low and imbalanced fertilization

» Excessive tillage and use of heavy machinery

» Crop residue burning and inadequate organic matter inputs
» Poor irrigation and water management

« Poor crop rotations

 Pesticide overuse and soil pollution

EFFECT OF PROPOSED AGROFORESTRY MODEL ON SOIL FERTILITY CRISIS

Recycling of crop residues and animal excreta is indispensable for
maintaining the food supply (i.e. organic matter at various levels of
decomposition) for various microbial populations and their activities
at different trophic levels. Each one of their roles is essential and
interconnected. Only under these circumstances, with improvement
in soil biological properties, soil can have ideal physical properties
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(structure, aeration, retention and movement of water and nutrients)
and chemical properties (pH, accumulation of salts and nutrient
transformations and availability).

Only an overall improvement in all these properties can sustain soil
health and thereby sustain productivity. The solid, liquid, gaseous and
biotic spheres of the soil are in such a dynamic equilibrium with changes
in one phase affecting another. Hence the soil management strategies
should shift towards a holistic approach.

Change cropping systems Hence, cropping systems need to be
redesigned from the existing exploitative mode to a conservation mode
to preserve soil health. Without understanding and considering the soil’s
true nature as an ecosystem, continuous mono-cropping on the same
soil relying on inorganic fertilizer additions — done in the style and scale
of industrial manufacturing — has led to decline in the soil’s productive
potential. Such practices lead to the emergence of newer and newer
nutrient deficiencies in spite of the addition of newer fertilizer materials.
The use of nutrients through organic inputs is, therefore, imperative for
maintaining the sustainability of the system.

Non-pesticide management and native livestock breeding address
the issue of soil pollution caused by chemical fertilizers, as well as enrich
the soil’s health in a most gentle manner - by using inputs prepared
from native cow dung. We must bring back native breeds of livestock
to supplement the organic requirement of the soil. Furthermore, in
no-tillage farming, tree foliage ensures that the surface organic carbon
and beneficial microbes contained in the soil are not exposed to direct
sunlight, which would lead to degradation of soil.

LOW PROFIT MARGINS ON PRODUCE

Unlike most other sectors, the farm sector employs 60% of the
population but contributes to only to 18% of the GDP.>* The majority of the
farmers fall under the category of small and marginal farmers. Around
70% of the agricultural produce area is used for production of wheat
and rice, but it amounts to only 25% of the earnings from the sector.
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When such a small pie is shared by a huge number of farmers, the profit
margins naturally go down. While the data show that there is a reduction
in consumption of wheat and rice by 1-2% in rural and urban areas, there
is an increase in the consumption of fruits and vegetables by 2-3%.2! This
is an annually observed trend. It is observed that most farmers across

the country only manage to break even by producing the staples of wheat
and rice, but they realize higher profit through fruits, vegetables and
other produces. Are farmers then not aware of the difference in profit
realization? Or are there other reasons why they choose to stick to rice
and wheat and realize lesser margins? In fact, there are a set of valid
reasons why our farmers do not move into producing any other crop than
what they have conventionally produced:

* When a farmer transitions to a new crop, he needs to learn all about
this crop and bridge the knowledge gap

» He may not know if the agro-climatic conditions of his farm can
produce good yields of the new crop

» As farmers are not an organized group to plan and decide when and
what to crop, they get dictated by the market’s needs or a middle man
asks them to produce what he wants

e A farmer’s economic condition makes his ability to handle risks
associated with transitioning from one crop to another very low.
When farmers produce perishables, their vulnerability to the market
is higher than with staple crops, and they have very little control on
price volatility.

» Lack of cold storage facilities forces them to sell their produce as
quickly as possible without being able to wait to realize decent
margins on their produce

« Last but not the least, there is no minimum support price for
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POLICY ECOSYSTEM CONDITIONS

FOR SUCCESSFUL TREE PLANTATION
ON FARM LAND

The need for specific policy ecosystem conditions for tree plantation
on farm land is necessary due to the vulnerable state of farmers, as
covered earlier. The farmer’s soil is in a poor state and he hardly has
any financial ability to take any risk to his livelihood in order to save the
rivers. It is unfair and impractical to expect the most vulnerable lot to
bear the brunt of saving the rivers all by their volition.

INSTITUTIONALIZATION OF RIVERINE COMMUNITY FARMERS THROUGH FPO

The biggest bane of the farming community in India is its lack of
organization. By facilitating organization of farmers through FPOs, the
government can provide and implement schemes to these large groups
seamlessly. This also gives farmers the strength to participate in markets,
as their graded and aggregated produce will now become substantial in
quantity. Information about institutional provisions by the Government
of India to help set up and form FPOs and facilitate training should be
made available to farmers in the riverine floodplains and target areas.
Wherever river revitalization work is mooted, formation of FPOs should
be facilitated. Small Farmer’s Agribusiness Consortium (SFAC), a society
promoted under the Department of Agriculture, Government of India
is the nodal agency that is responsible for promoting FPOs across the
country and linking producer groups to marketing opportunities.?> While
SFAC helps in setting up of the FPO, NABARD funding is available to
manage the administrative affairs of the FPO. SFAC gives guidelines on
how to set up an FPO, which is designed to train and facilitate farmers
who may have no knowledge of FPOs and their benefits.

SFAC through its accredited facilitating agencies, hand-holds the
farmer groups from villages from the point of providing them awareness
on FPO formation and guiding them through all the later steps involved.
The major steps through which SFAC will support, and coordinate
between the government, NGOs, resource persons and farmers are:

1. Pre-project implementation: this involves conducting a baseline
study on the volume and value of produce the farmer group has
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produced, and market analysis for the produce. Product specific
clusters are to be identified and a business plan to be made towards
creating a Detailed Project Report (DPR). According to a Government
of India guideline, the cluster of villages to be brought under the
umbrella of FPO should be identified within one or two blocks,
where villages are contiguous and within a radius of about 20 km).
The detailed mapping indicating the location of the clusters with
distances should be made part of the DPR.»

. Enhancing the capacity for surplus farm production: In this, lead

farmers and farmer organizations are identified. Exposure visits,
training needs, group formation and training in specific areas are
provided.

. Implementation of surplus production: In this stage of
implementation, handholding towards productivity increase and
identification of value pre-processing is facilitated.

. Pre-formation Stage of FPO/Collective and Stabilize New Surplus
Production System: In this stage, market linkages, exposure visits,
consultation with FOs for FPO scope, visioning and structuring are
facilitated.

. Formation of FPO/Collective Aggregation for market access: In this
stage FPOs are formalized, and internal systems are constituted.
Membership and governance and bye-laws are formed. Formation
and strengthening of FPOs is facilitated through assistance by
SFAC and NABARD towards organizational administration, use of
management Information System (MIS), hiring HR, developing a
business plan and interfacing with businesses.
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FINANCING AND RISK MITIGATION: COMPENSATION OF NOTIONAL LOSS OF
FARMER INCOME

The challenge in the economic model proposed is that the earnings
of the farmer for the first few years after transition to the new cropping
system are below the threshold of their current earning of Rs. 75,000 per
annum.? The fact is that not many farmers will have the savings to fund
this cash outlay upfront. This would slow down the implementation of the
program because only a small percentage of the farmers will be able to
fund their livelihoods for the initial 3-5 year gestation before income rises
above their current earning threshold.

To tackle this, we are recommending that the government
compensate the notional loss of livelihood. We have assumed that the
farmer must have an annual surplus at least similar to their current
average earnings of Rs. 74,988.25 With this assumption the additional
government cost per farmer would be Rs. 75,000 in the first three years of
the program.

The ecosystem services that rivers and the trees on river floodplains
provide, strongly justifies the compensation for the nominal loss in the
farmers’ income. Ways in which we could compensate for the loss of
farmers’ existing livelihood and minimize the risks involved during the
transition to tree-based agriculture are:

« Conversion into horticulture crop by the farmer involves loss
of income till the start of commercial yield of the fruit trees.
Therefore, the notional loss of income for the farmer is to be suitably
compensated.

» Financial support/linkages must be provided for farmers through
existing government schemes/programs, financial institutions, and
banks, so that they can smoothly transition from staple crop to agro-
forestry fruit-tree cultivation. Easy loan with zero interest rates, and
long-term repayment plans may be provided to the farmers to help
stabilize their livelihood.
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« Facilitate and incentivize transition from a chemical system
of farming to totally organic farming through non-pesticide
management

» Bring in training and exposure to improve productivity, harvesting,
grading, value addition, and marketing through the FPOs as an
organic produce

MANDATORY MICRO-IRRIGATION PRACTICE

Micro-irrigation has been effective with respect to reduced water
consumption and increased yields of produce of any crop. Most of the
time, with flood irrigation plant roots suffers either due to saturation
or moisture stress which results in monotonous plant growth and yield.
In drip irrigation with daily water application to root zone of crop, the
soil moisture is maintained at nearly field capacity. Due to frequent
application and optimum moisture levels in the root zone (i.e. with
favorable moisture conditions all the time), the plant grows well and
yields good produce with better quality. Comparison of flood irrigation
and drip irrigation in Table 3 substantiates these mentioned advantages.

TABLE 3: COMPARISON OF FLOOD AND DRIP IRRIGATION

Particular Conventional Drip Irrigation
Flood Irrigation p &

Water Use Efficiency Less than 40% Above 80%

Fertilizer Use Efficiency Very low Excellent

Labor Requirement High Low

Weed Emergence Very high Rare

Leaching and Dee

& P Very high Nil
Percolation

Surface Runoff and Soil
Erosion

Liable Nil
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Particular Conventional Drip Irrigation
Flood Irrigation P &
Uniform Crop Growth Rare Constant
Uniform Yield and Crop
. Rare Constant
Quality
Maintenance Higher and difficult =~ Very low and easy
.. Not possible on .
Inter-cultivation . At any time
irrigation
Land Leveling and Shaping Essential Not necessary

Not suitable for heavy

Suitability to Soil Type Suitable to any soil

soils
Automation Not possible Possible
Emergence of Pests and ,

Higher Less

Disease

Varying much )
) ) . Always nearly at field
Soil Moisture at Root Zone  between saturation )
. ) capacity
and wilting point
Irrigation Frequency Once in aweekor so  Daily

In a project where we intend to augment the source of water, this
intervention facilitates the process by managing the demand prudently.
Towards this, low interest/zero percent bank loans or product subsidies
should be provided to make it easier on the farmer’s pocket. The
Government’s ‘Per Drop More Crop’ micro-irrigation scheme has to be
put to use in the target area of river revitalization.

A detailed note on the science of drip irrigation and its benefits in
comparison to flood irrigation with respect to water efficiency and yield
can be found in Annexure 9.

According to National Committee on Plasticulture Application in
Horticulture, it is observed that with micro-irrigation, there is an increase
in yield across various crops. Table 4 lists the effect of micro-irrigation on
water usage and the yield improvement observed in many crops.
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TABLE 4: RESPONSE OF VARIOUS CROPS TO DRIP-IRRIGATION

Crops Water saving (%) Increase in yield (%)
Banana 45 52
Cauliflower 68 70
Chilli 68 28
Cucumber 56 48
Grapes 48 23
Groundnut 40 152
Pomegranate 45 45
Sugarcane 50 99
Sweet lime 61 50
Tomato 42 60
Watermelon 66 19

Source: National Committee on Plasticulture Applications in Horticulture (NCPAH)

INSTITUTIONAL SETUP TO PROVIDE ORGANIC FARM AND
PRODUCE CERTIFICATION

One of the common preconditions for tree plantation on either side
of the rivers is to make these areas chemical-free zones. When we ask for
a stretch of villages to transition to tree-based farming, it is important
for the government to handhold and facilitate smooth conversion of
conventional farmers to organic farming through training and extension
programs through Krishi Vigyan Kendras (KVK). Also when it is ready
for the market, organic produce needs to be certified. This can be done
through group certification of the farm and its produce. Promotion
of group certification instead of individual farmer certification will
help ensure there is a group support and pressure to transition from
conventional agriculture to organic agriculture. Participatory Guarantee
System can also be considered at a village level for building trust about
the demand for the produce. Alternatively transitioning to organic
farming through the Non-Pesticide Management (NPM) route may also
be thought about to produce safe food.?® There are companies working on
helping farmers grow food without pesticides.?” This is an easier switch
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than transitioning directly from chemical to organic farming. Eventually
if the farmers become convinced of the benefits and prospects of organic
farming, they can be helped in that certification too. The larger vision is
to provide safe food for the country first and then become export ready.
Towards promoting chemical-free farming the Sikkim model can be
replicated with respect to dis-incentivizing the use of chemicals in the
program area.

BRANDING AND MARKETING OF GRADED PRODUCE

It is found that the agri-businesses requires specific types
of produce like: Ramanad Mundu — a specific type of chilli grown
only in Ramanadapuram district in Tamil Nadu; Virudunagar Malli -
coriander grown in the Virudunagar district in Tamil Nadu; or Nagori
Methi- fenugreek from the Nagore district of Rajasthan. Branding is a
complicated game, but most FPOs are not in a position to participate in
anything beyond the pre-processing stage of value addition to a product
in their early years.>®

Across the world, countries and regions pride themselves with some
agri-produce or the other that is specific to their geography. Geographical
indicators (GI) are certified for such products by the communities
that produce them. This is done so that the communities engaged in
production of this product can earn a premium on the product by virtue
of it being produced in that region.?® The yoghurt from Greece is the
only one that can be called Greek yoghurt; not all yoghurts can be called
that. Similarly, only wine prepared in the small region of Champagne,
France can be called champagne — and certainly not any other wine that
is prepared like champagne. Similarly, Chennapatna toys in a small
town near Mysore are again protected by geographical indicators —not all
wooden toys painted with natural ink can be called Chennapatna toys.
Therefore, the FPOs that specifically generate produce, which are known
traditionally for their specific flavors or aroma, can have geographical
indicators certified for them. This will certify the authenticity of the
produce and also fetch a premium for the produce from a particular
geography. The agri-businesses will anyway take advantage of the GI tags
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and price their value-added products differently. SFAC has a role to play in
helping FPOs —business tie up. The government and industry (in PPP mode)
should develop clear branding and marketing strategies for the fruits, other
tree products and processed products from the riverine floodplains.

STRENGTHENING FPOs’ BUSINESS PROSPECTS: INDUSTRIAL
TIE-UPS, LOCAL SUPPLY OF PRODUCE AND MEGA FOOD PARKS
(HUB AND SPOKE MODEL)

When fruit cultivation on a large- scale along the rivers, across
multiple states, the production of fruits will increase manifold. Eighteen
percent of India’s fruit and vegetable production — valued at INR 133
billion - is wasted annually, according to data from the Central Institute
of Post-Harvest Engineering and Technology (CIPHET).3* 3 According to
a Planning Commission study, 5-39% losses are observed for different
horticultural produce in Bihar and Uttar Pradesh. According to the same
planning commission report there are not many post-harvest scientists
trying to quantify or understand post-harvest challenges of horticulture
produce.3> When we introduce fruits suddenly in such high volumes, one
can only imagine what can happen to the produce and producer.

Excess production of any produce leads to a slump in its market
price. There are plenty of news pieces describing how this produce is
simply dumped either in the field or in the market areas.3 When the price
of the produce slumps to such an extent, it does not make economic sense
for a farmer to transport it to the market or, in a slightly better scenario,
take it back to the farm because the transportation charges only entail
more losses for him.

This makes it necessary for farmers to come together as an
organized group in the form of a FPO. Under an FPO setup farmers are
both shareholders and stakeholders. Farmer Producer Organizations
for the target areas will comprise of the riverine horticulture farmers.
The activities of pre-processing, grading and segregation can be done
by the FPOs. It has been the experience of many FPOs that local markets
fetch better prices than industrial tie-ups. It makes sense to have both
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channels of income strengthened for a farmer. While industrial tie-ups
work out to be a safety net, FPOs can cut down wastage of fruits, get better
prices and reduce transportation expenditures, by selling the produce in
local markets and to local businesses.

Some suggestions towards strengthening the FPOs as viable business
entities towards optimizing the income of farmer members are:

1.

Fix a price for the fruits to be sold in the area that will not
fluctuate with changes in the quantum of production.

One of the costly inputs for a farmer — besides soil input - is land
treatment, which requires farm machinery. If FPOs can own farm
equipment commonly used by all its farmers, it can rent them at
a lower rate than the market rate. This is a win-win situation for
the FPO and the farmers renting from it. This model of renting
farm equipment is successfully functional in one of the FPOs in
Covenant Centre for Development (CCD), Madurai.

. Tie-up with the local anganwadis, schools, government hostels,

government hospitals and private hospitals to supply the

local fruit produce nutritional supplements for children and
patients in the area. A state level policy intervention would be
needed to mainstream this practice. Gram Panchayat offices,

all other government offices, and Ministry of Information and
Broadcasting, can create publicity about local produce and
markets which provide better profits. This may also cut down on
waste that happens to perishables irrespective of cold storage
facilities.

Sell the produce under a local brand in the local and weekly
markets directly to consumers.

Invest in local warehouses and cold storage to address the waste
of large-scale produce aggregated from farmers of the FPO.



6.

8.

10.
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Tie-up with agri-processing industries to pick up the produce
from the farm gate at an agreed price much before the production
begins. Industries may be provided long-duration loans and tax
breaks.

Direct marketing of produce has been shown to fetch good

prices for most produce. FPOs can have app-based sales of their
produce. There are apps being developed to aggregate produce
from a single farmer or group of farmers, and pick up produce
from their farm and offer better prices. Either FPOs can tie up
with such farmers to become their franchisees in a different
geography or they can develop their own apps and directly deliver
to the consumers.

Allied livelihoods to stabilize income/ generate local
employment: The agro-forestry model we propose suggests that
farmers will be better off if they moved to organic farming. If a
large number of farmers decide to transition to organic agro-
forestry model they will need: organic inputs and QPM. The
servicing of organic inputs (Jeevamrut, Ghanajeevamrut) and the
QPM can become a livelihood in itself. FPOs can engage SHGs to
raise QPM by distributing seeds to SHG members and collecting
saplings back, following the lijjat papad model. Local SHGs can be
given the business of setting up nurseries and producing QPM to
service the local needs. The area that the SHGs will service can be
the same cluster as the FPO formed by farmers in cluster villages.

. Landless laborers in the villages where the FPO operates can be

engaged in production of organic inputs through livestock. Both
QPM nurseries and organic input preparation will need training.
This has to be facilitated by the FPOs and by KVKs in the region.

Hub and spokes model for Mega Food Parks: The processing units
are the hub, the pre-processing centers are the spokes at cluster
level, while the collection centers are the spokes at the village
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level. The village and cluster level operations are envisaged

to be managed by FPOs, while the main processing unit is to

be managed by the industry. There needs to be a guaranteed
buyback arrangement from the industry so that the farmers are
not at the mercy of the market for their produce.

Interaction with Shri Muthuvelayutham, a key functionary of The
Covenant Centre for Development, Madurai, provided certain insights on
the scale at which FPOs can operate. He has an experience of setting up
and working with more than 62 FPOs involving more than 25,000 farmers
in the last 13 years, and facilitating tie-ups with agri-business like Dabur,
Himalaya, Patanjali and other international brands. Some of the FPOs
tried to get into value addition of their fruits by setting up pulping units.
But they did not have the capabilities and finances to keep pace with
improvements in technology and changing market demands.

Before asking the farmers to grow tree-based raw materials, it is
suggested that government bodies like SFAC encourage industries who
use these materials to first set up their units in the area and guarantee
buyback from the farmers. This model is followed by EID-Parry in Tamil
Nadu to procure guaranteed buyback of neem seeds from farmers of a
particular district of Tamil Nadu for production of Azadirachtin.

COMPULSORY CROP AND LIVESTOCK INSURANCE

To de-risk the farmers from unforeseen scenarios, the farmers in
the target region should be encouraged to take up crop and livestock
insurance as an important step for transition to tree-based agriculture.
Livestock plays an important role during droughts and other difficult
times by augmenting the farmers’ income. Therefore, integrating
livestock management and insurance will provide a safety net for the
farmers during the transition period. This de-risking may ease their
worries of transition to agro-forestry based farming. The present crop
insurance regime does not cover horticulture and multi-purpose trees
in entirety. There are ongoing discussions and policy documents about
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developing an insurance plan for horticulture crops and other trees.
Although a horticulture/plantation insurance is in existence, the scope of
the same needs to be expanded to cover more trees under it.3* Provisions
under Sub-Mission on Agroforestry (SMAF) under the National Mission on
Sustainable Agriculture (NMSA) are a powerful incentive for conversion to
tree-based agriculture.

ONLINE PLATFORM

To facilitate loans, access to saplings and all resources towards
change in cropping pattern and farmer livelihoods, it is required to
facilitate certification of produce, access to government schemes and to
obtain crop and livestock insurance. It will be efficient to make it available
through online platform as a single window for all the target farmers who
join the program. A case in point is the crop insurance given to farmers
of Rajasthan state through an online portal, which has seen historic
registration within two months of the portal’s creation.
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THE TECHNO-ECONOMIC MODEL:
AGRO-FORESTRY MODEL FOR FARMLAND

This section details the techno-economic plan for riverside
farmlands to transition from present cropping patterns to a tree-based
farming approach. There are many plans that look perfect on paper but
do not pan out quite well when implemented. The farmer community
of India comprises of 85% small and marginal farmers who do not have
the ability to bear the consequence of the failure of a proposed model.
The solution we propose here stems from 13 years of experience with the
PGH initiative, which helps farmers plant trees in private farmlands on
their own volition. The agro-forestry generic model envisages providing
sources of income to a farmer on a daily, weekly, monthly and yearly
basis. The proposed model tries to address the low net income of farmers
due to poor profit margins from annual crops. The models, when made
specific to agro-climatic zones, will make even more precise predictions
of the probable economic benefit farmers can reap from tree plantation.
The specificities that will change for the model will be: type of trees
to be grown, the inter-cropping specifics, and the crop combinations.
The model’s economics will further improve and become accurate with
knowledge of irrigation facilities and the rainfall pattern in the select
geography. India has seen farming activity before many other parts of
the world woke up to it. The model suggested in this chapter has evolved
by leveraging the traditional farming knowledge that has been passed on
over generations of farmers for over 12,000 years. The model suggested in
this section is strengthened by taking into consideration the following:

» Traditional knowledge of farmers with respect to tree plantation, also
known as the “Wadi Model” about which we will talk later.

» Precision high density farming methods honed by Tamil Nadu
Agricultural University (TNAU)

« Subash Palekar’s Zero Budget Natural Farming Package of Practices

In order to propose this model as an economic alternative to a
farmer’s present cropping patterns, it will be useful to know the market
for horticulture produce.

w2 Qs
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THE IMPORTANCE OF HORTICULTURE IN INDIAN AGRICULTURE

To address the challenges in agriculture, diversification has emerged

as the best option to address nutritional adequacy, employment
opportunities, farm income enhancement, and use of natural resources.
Among various options for diversification, horticulture has proved,
beyond doubt, its potential for gainful diversification.3> 3¢ Any developing
economy needs to take care of food and nutritional security, sustainable
livelihoods, and health care for ensuring inclusive growth. In this
scenario, horticulture stands out as one of the most important sub-
sectors of agriculture in the country, marking the onset of a ‘Golden
Revolution’.3

The horticulture sector is a promising area for diversification in
agriculture on account of its high-income generation per unit area, with
low demand on water and other farm inputs, and as an environment-
friendly production system. The Government of India has accorded high
priority for the development of this sector, particularly since the VIII Plan.3®

The impact has been visible in terms of increase in production of
horticultural crops. The predicted need of horticulture produce by 2050 is
660 tonnes, in view of the growing population. However, the production
of only 240 tonnes in 2010-11 and 300 tonnes during 2016-17 (which is
4.8 percent higher as compared to the 2015-16 estimates), poses a great
challenge for the horticultural sector?® — in the background of shrinking
land area, water scarcity, erratic and unpredictable rainfall pattern
due to climate change, labor scarcity, etc. Yet, the growing demand for
horticultural produce coupled with good agri-business opportunities
for inputs like seeds, greenhouse design and construction, irrigation,
equipment and, above all, marketing of produce and high value addition,
hold much promise. This changed scenario in the horticultural sector
is expected to become competitive and improve the economy and
profitability. Although climate change poses a threat to agriculture
in general, horticulture-based cropping systems have the potential
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to mitigate it. Perennial trees act as carbon sinks by sequestering
atmospheric carbon.4° The government’s aim of doubling farmers’ income
by 2020 also provides a greater role for the horticulture sector as it
generates more income than the agriculture sector.

FIGURE 1: PRODUCTION OF FOOD GRAINS AND HORTICULTURE
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FIGURE 2: PRODUCTION TREND FOR HORTICULTURE
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HORTICULTURE SECTOR - GROWTH TRENDS

In 2014-15, production of fruits and vegetables (284 million tonnes)
overtook India’s food grain production (253 million tonnes) by 31 million
tonnes. This was the third straight year when horticulture output
outstripped that of food grains. As Figure 1 shows, food grain production
dropped in drought years (2002, 2004, 2009, 2014), while horticulture
production was either unaffected or stayed on its upward growth
trajectory.*! A detailed note on the horticulture sector and its importance
is presented in Annexure 15.

Between 1991-92 and 2009-10, there has been a general increase in
production of fruits, vegetables, spices and plantation crops. However,
production of vegetables has recorded very high levels of fluctuations.

BOX 2: SUPPLY AND DEMAND PROSPECTS FOR FRUITS

Despite favorable demand and supply side factors, area under
cultivation of fruits and vegetables has remained below 10% in the
country. Even with one tenth share in area, fruits and vegetables
contribute to more than one fourth of the earnings from the crop sector.
Fruits and vegetables give 4-10 times the return as compared to other
crop groups, namely cereals, pulses and oilseeds. A study on sources of
growth indicate that diversification towards horticultural crops is the
most powerful factor in raising the growth rate of GDP in agriculture.

A 1% shift in area from non-horticultural crops to horticultural crops
adds 0.46 percentage points to the growth rate of the agriculture sector.
Due to changes in taste, preferences and food habits, the consumption
pattern in India has been shifting towards fruits and vegetables. Such
changes are also happening globally. Studies on food demand indicate
that 1% increase in per capita overall consumption expenditure,

results in 1.9% and 1.02% increase in demand for fruits and vegetables,
respectively. Thus, per capita intake of fruits and vegetables in the
country will keep rising in coming years. Moreover, there is large
deficiency of these items in the Indian diet. India’s import of fruits is
rising by 20% per year. All these indicators suggest that demand-side

prospects for fruits and vegetables are very bright.45
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From 1997-2002, there has been a general increase in the area under
cultivation of fruits, vegetables, plantation crops and spices during the
initial period, followed by a phase of stagnation for fruits and vegetables.
The trend in expansion of area for fruits and vegetables was restored
during 2005-2007 and during 2007-2012 the rate of growth increased.+

The leading fruit-producing states between 2009-10 and 2014-15
were Andhra Pradesh, Maharashtra, Gujarat, Tamil Nadu, Karnataka and
Uttar Pradesh. The states leading in production of various fruits in this

period are given in Table 5.

TABLE 5: TOP PRODUCERS OF FRUITS BETWEEN 2009 AND 2015

ERdt Between 2009 and 2015)
Apple Jammu & Kashmir, Himachal Pradesh
Banana Tamilnadu, Maharashtra, Gujarat
Citrus Telangana, Andhra Pradesh
Grapes Maharashtra
Guava Madhya Pradesh, Uttar Pradesh
Litchi Bihar
Mango Uttar Pradesh, Andhra Pradesh
Papaya Andhra Pradesh, Gujarat
Pineapple West Bengal, Assam
Pomegranate Maharashtra
Sapota Karnataka, Gujarat, Tamilnadu
others Kerala, Maharashtra

Top Producers (Average Annual Production

Source: Based on data from Horticulture Statistics Division, Department of Agriculture,

Cooperation and Farmers Welfare, New Delhi

Trend lines for productivity indicate that the productivity of fruits
has not increased as much as vegetables. Productivity of crops like
banana, citrus fruits, papaya, pineapple, guava and sapota have recorded
sustained increase. However, the productivity of mangoes and litchi are
almost stagnant or sagging, whereas, grapes, apples and pineapples have
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recorded fluctuating productivity due to adverse weather conditions and
disease infestation. This may be attributed to lack of linkage between
Government-supported area expansion programs, non-availability

of QPM, low productivity of old and senile plantations and lack of
Government scheme components catering to increasing the productivity
of existing orchards.*

Fruits and vegetables are mostly grown by marginal and small
farmers with land-holding of less than 2 hectares. This means that
resource-poor farmers are likely to benefit most from growth in the
horticulture sector. This is more so, because the value of the horticulture
output grew more than double compared with all other crops put together
in the four years between 2008-09 and 2012-13.4 (See Box 2)

AGROFORESTRY AS A SPECIFIC SOLUTION ON RIVERSIDE FARMLANDS

In this section, a generic techno-economic model for tree plantation
in one acre of farmland is provided. The scientific basis of what we are
proposing is also mentioned. We will be looking at the precedents of
large-scale successful implementation of agri-horti-forestry models
for livelihood enhancement. We will also look at the characteristics of
the model proposed, the key assumptions in creating it, and the need to
enhance farmer livelihood. The subsequent section details the following:

» Suggested package of practices
» A specific example to typically illustrate possible financial benefits
» Comparisons with other cropping options
» Possibility of substantial financial and other benefits of organic
production, and issues related to it.
SCIENTIFIC BACKGROUND

Well-documented evidence of a multi-tier system of cropping
in coconut based orchards, available at Indian Council of Agricultural
Research (ICAR)’s Central Plantation Crops Research Institute (CPCRI),
Kasargod, Kerala, is taken as the base model to work out the current
mango-based cropping system. CPCRI has developed a coconut-based
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cropping system aimed at crop diversification and intensive cropping in
the interspaces available, which is highly rewarding and sustainable.4

Similarly, research by ICAR’s Central Institute for Arid Horticulture
(CIAR), Bikaner, Rajasthan, has confirmed that in order to mitigate the
risk of total crop failure, suitable crop combinations involving perennial
fruit crops like Amla + Ber or Khejri (a fodder tree) + Cluster bean +
fennel / coriander are found sustainable and remunerative under arid
conditions.*” The yield of intercrops was found higher under multiple
cropping as compared to mono-cropping. The perennial fruit crops,
whose canopies are regularly maintained through pruning, help to
maximize the overall productivity, and improve the physical, chemical
and biological properties of the soil through leaf litter.

PRECEDENTS EXIST FOR A HORTICULTURE BASED LIVELIHOOD
MODEL FOR INDIAN FARMERS

The horticulture based solution proposed here for a private farmer
has precedents. One such large-scale tree plantation was done by Bharat
Agro-Industries Foundation (BAIF) in Wadi region in Gujarat. This has
subsequently been adopted by many horticulture departments of other
state governments. It is also pertinent to note that the Wadi Model is
recognized by NABARD for improving the livelihoods of marginalized
tribal farming communities. They have adopted the one-acre Wadi
Model for replication at a national level with the support of the Central
Government.

Similarly Project GreenHands of Isha has also been working with
farmers in Tamil Nadu and encouraging them to move to agroforestry
under its “Trees for Life” program.

Maharashtra Government through its Employment Guarantee
Scheme (EGS), has facilitated the shift of a large number of farmers from
annual crops to horticulture / fruit-tree crops. This was much before the
MNREGA program was initiated by the Central Government.
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These Case Studies are discussed below.

CASE 1: WADI MODEL - A LIVELIHOOD PROGRAM

The Wadi program was initiated by BAIF Development Research
Foundation in southern Gujarat in the 1980s, and was further expanded to
different tribal regions of India. It is an agri-horti-silvi model spread over
Maharashtra, Gujarat, Karnataka, Uttar Pradesh, Uttarakhand, Rajasthan,
Madhya Pradesh, Chhattisgarh, Bihar, Andhra Pradesh and Jharkhand. An
example of this is horticulture crops, such as amla (10 m x 10 m in fertile
soil and 8 m x 8 m in degraded soil), mango (10 m x 10 m spacing), and
cashew (7 m x 7 m spacing) with intercrops grown in these spaces and
trees like glyricidia and subabul planted in closer spacing along the farm
border in an area of 0.4- 1.0 ha. So far, BAIF has assisted over 1.81 lakh
families to establish 68,586 ha based on the Wadi Model. This concept is
a comprehensive program for natural resource management, adoption of
sustainable farming practices, and upliftment of the rural communities
through livelihood security.

Women’s Self-Help Groups (SHGs), set up in BAIF-Wadi Model
projects, are engaged in a diverse range of income-generation activities,
including the following:

» Nurseries for mango grafts and multi-purpose tree species saplings

» Backyard or Wadi plot cultivation of vegetables
¢ Manufacture of vermi-compost

+ Trading in food grains

* Making leaf cups

» Making papads

» Manufacture of brooms

+ Fisheries

» Group farming by taking land on lease

The main source of funds for these activities is the savings generated
by SHG members themselves.

a~=29 19
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The story of Anita Jadhav of Jadhavwadi in Igatpuri tehsil of Nashik,
Maharashtra, illustrates the above. Her family owns four acres of rain-
fed land, which is cultivated only in the kharif season. The family had no
other regular source of income. In 2003-04, she joined the Wadi program
and started cultivation of guava in a 1-acre plot. Till the trees reached
maturity, she grew tur, chana, and other pulses in the spaces between
trees. Using improved agriculture practices promoted by the BAIF-
MITTRA scheme, she earned an annual net income of around Rs. 5,000.

In 2006-07, the guava trees bore their first fruit, fetching a net
income of Rs. 6,000, followed by Rs. 7,000 at second fruiting (generally,
guava trees produce fruits twice a year, in the rainy season, and in winter).
In 2007-08, the income from first fruiting of the guava trees was Rs.
13,000. Anita used the money to buy a buffalo of "Mahuda’ breed, which
yielded 7 liters of milk a day. From the milk earnings, she bought a
crossbred cow. In 2008-09, her net income from sale of milk amounted
to Rs. 60,000, which was in addition to Rs. 32,000 earned from the sale
of guavas. Thus, in a short span of 6 years, Anita’s family rose above the
below poverty line to nearly attain “lakhpati’ status.8

CASE 2: PROJECT GREENHANDS’ INITIATIVE - TREES FOR LIFE:

PGH, in its own way, has been working with farmers in the last decade
to create awareness on farm forestry, and encourage them to plant trees.

With rise in price of farm inputs, delayed rainfall, shortage of labor
and increased living, the repercussions for an average farmer is far more
disastrous than what meets our eye. Most farmers have abandoned their
traditional, sustainable agriculture practices, and now depend on costly
loans from banks or money lenders for continuing agriculture.

Through the “Trees for Life” agro-forestry campaign, farmers are
encouraged to plant a combination of fruit, fodder and timber trees in
the farmland. Through this model that is designed to bring tree-based
agriculture back to the heart of Indian farming, farmers are guided to
choose and plant the right kind of tree saplings to take care of all issues
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like crop failure, soil erosion and water inadequacy, thereby creating a
self-sustaining movement. Farmers are mobilized through awareness
campaigns, advertisement in farmer magazines, etc.

Trees bring biodiversity, soil fertility, a cooler climate, cleaner air
and increased rainfall. Their yields reduce agricultural expenditure, while
creating the possibility of future income through small-scale forestry
enterprises. A process documentation of PGH’s activity is given in
Annexure 14, and a detailed case study of PGH is given in Annexure 19.

CASE 3: MAHARASHTRA’S HORTICULTURE USING
THE EMPLOYMENT GUARANTEE ACT

Maharashtra Government pioneered the famous Employment
Guarantee Act in 1977, whereby it guaranteed work to rural unskilled
manual laborers needing work. Initially, only public works like roads,
irrigation tanks, other water-conserving structures, and works in the Forest
Department were taken. But it was noted that there was a scope to increase
opportunities for rural employment and open up possibilities in small and
marginal farmers’ farmlands (which constitute almost 75% of farm holdings)
by improving such farms. At that time, about 85% of lands in Maharashtra
were rain-fed, and cereal and other crops were becoming slowly unviable
with unpredictable outputs due to the vagaries of monsoon.

It was then that Maharashtra Government introduced the
horticulture scheme (popularly known as “EGS horticulture”) in 1990. It
was an instant success from the first year. According to the EGS Scheme,
the farmer will be given daily wage to plant horticulture trees in his own
farm. The scheme envisaged financial support to the farmer for three
years — 50% of the cost of production in the first year, 30% in the second
year, and 20% in the third. The critical inputs like good QPM, fertilizers,
etc., were provided by the Agriculture Department, and the costs were
deducted from the farmer’s subsidy. In fact, substantial quantities of the
planting material were developed in the nurseries of the four agricultural
universities of the State.
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The most important feature of the scheme was that the funds were
released only in the second and third year on the basis of the survival
of the plants. Thus, the second year’s release of funds was made only
if there was 75% survival, and the third year’s, only if there was 90%
survival. All payments were made directly to farmer’s bank accounts.

The cost norms for each fruit crop were evolved, and it varied from
one fruit to another. Slowly, more varieties were added to the previous
lists and three-year cost norms were made available. The current list
consists of the following:

» Dryland horticulture: Mango, cashew, bher, sitaphal, tamarind, awala,
jack fruit, kokam and few more

+ Irrigated horticulture: coconut, orange (both santhra and mosambi),
chikoo, pomogrante, grapes, peru, anjir, lime, supari and few more

« Other crops: jojoba, jatropha, rubber, spice, medicinal, bamboo etc.

Before the start of the program in 1990, about 2.42 lakh hectares
were under fruit crop cultivation. Now in 2016-17, about 18.55 lakh
hectares are under fruit crop cultivation — an increase of 900%. About 21
lakh farmers have benefitted from the scheme over the years.

The horticulture scheme has helped improve the farm income
substantially. It greatly improved the economy of coastal districts of
Maharashtra (called Konkan) and there was a sudden increase in mango,
cashew and chikoo production. It reduced migration to Mumbai from
Ratnagiri and Sindhudurg districts. It also improved the economy of
Western Maharashtra (districts like Nashik, Ahmednagar, Solapur, Pune,
Satara, and Sangli). The local political leadership, through cooperatives
and entrepreneurs, developed forward linkages for storage and marketing,
including exports. Today Maharashtra is the No.1 state in fruit production.

A note on Maharashtra’s agro-forestry project through the
Employment Guarantee Scheme is available in Annexure 16.
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ENSURING FARMER LIVELIHOOD ENHANCEMENT

The solution proposed for privately-owned farmland has been
conceived of as a rural livelihood project. Successful implementation of
this farmer livelihood model, and the consequent rapid adoption of the
program by the farmers, would contribute to saving of rivers. This will be
effected by the tree cover on river banks augmenting inflows, and use of
organic farming practices to prevent pollution by agro-chemicals.

The program’s success hinges on ensuring that that the economic
benefit for the farmers is achieved. The crux is that this program needs to be
definitely and effectively delivered to the farmer — and this must be kept in
mind throughout the execution, monitoring and evaluation of the program.

KEY ASSUMPTION IN CREATING A VIABLE LIVELIHOOD MODEL FOR FARMERS:
SIZE OF AVERAGE FARMER LAND-HOLDING ASSUMED

The agricultural census data of 2010-11 shows that the average size
of holdings has steadily declined over the years since 1970-71, with the
2010-11 figure at 1.15 hectares (i.e. 2.47 acres) (Refer Figure 3). Based on
this trend, the model proposed here is for a one-acre parcel of land, which
will be occupying roughly half of the land holding of an average farmer

FIGURE 3:
Average Size of Land Holding Over the years
(in Hectares)
1.41
1.33
123
1.15
1995-96 2000-01 2005-06 2010-11
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CHARACTERISTICS OF THE PROPOSED ONE ACRE AGRI-HORTICULTURE-
FORESTRY MODEL

The Policy Recommendation regarding FPO formation and
strengthening business prospects of the FPOs are intended to facilitate
organization of farmers as large groups, who will have authority and
bargaining capacity to fix the price of the produce. Try as we may, markets
are volatile and all the factors of risk cannot be nullified. So the models
discussed here incorporate components towards facilitating the farmer
becoming self-reliant in his farm inputs. Therefore, native livestock
becomes a mandatory requirement for the farm. They provide dung,
urine and milk, all of which help the farmer in providing farm inputs and
income. In the agro-forestry model, there is adequate organic content
in the form of leaves and tree litter. This can be used as soil mulch,
fodder for livestock and as an ingredient for preparation of herbal pest
repellants. Thus, the majority of farm inputs, like compost, organic
growth promoters, organic pest repellents and leaf litter for mulch, are
available in the farm itself, through the livestock, trees and no-tillage
farming. This reduces the cost of cultivation significantly. So the income
that is achieved from the produce of the farm becomes the net income. In
addition, if the farmer includes cover-cropping, there will be additional
income from cover-crop produce, additional mulch and reduction in de-
weeding expenses.

MULTIPLE FRUIT TREE SPECIES

The multi-fruit crop model proposed involves combination of
varieties like mango, sapota, orange, lemon, guava, pomegranate, amla,
ber, jamun, and jackfruit. The combinations have been worked out taking
into account the compatibility of the crops, canopy of the crops, root
competition aspects, bio-diversity aspects, and economic aspects so as to
achieve an early return on investment while concurrently resulting in a
significant canopy. Poly-culture fruit species have been chosen not only
for complementary reasons, but also to buffer the farmer on account of
unexpected losses in any one species. An important aspect of providing
income stability to the farmers is to choose crops in a manner that reduce
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/minimize labor requirements during peak harvest time, thereby reducing
farmer stress. Horticulture-based multi-tier fruit crops have been
assumed to be selected in a way that is specific to the concerned agro-
climatic region so as to maximize the solar insolation, thus increasing the
yield capacity of the proposed model.

MULTI-PURPOSE TREE PLANTATION ON THE EAST-WEST BORDER FOR FRUIT,
FODDER, TIMBER AND MULCH NEEDS

The multi-purpose tree plantation on the east-west border acts as a
wind break, providing stability to the micro-climate in the fruit crop area,
and also enhancing the overall plant diversity. It also provides the farmer
income insurance in the long-term through sale of timber. The fodder
crop plantation on the boundary will fulfill the fodder requirement for the
livestock. Herbal and mulch shrubs/trees on the north-south border, will
be used for bio-input preparation and also to provide additional mulch.

INTER-CROPPING OF BANANA, PAPAYA, VEGETABLE, CHILIES FOR
GENERATING INCOME IN INITIAL YEARS

The intercrops generate income during the initial few years when the
horticulture crops are in gestation, thereby partially offsetting the initial
loss of income for farmers. The specific crops used should be selected
based on water availability, among other factors.

THE MODEL ASSUMES USE OF DRIP IRRIGATION

Given the shortage of water per se, the model assumes mandatory
use of drip irrigation so as to ensure maximum water-use efficiency. More
crop per drop through micro-irrigation, and moisture retention through
mulching is one of the key features of this model. The drip system ensures
increased water-use efficiency in all horticultural crops by maintaining
optimum soil moisture, with concurrent improvement in yield and quality
of produce across crops. The effect of this is discussed in the mandatory
micro-irrigation ecosystem conditions.
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There are different models for drip irrigation possible in the areas
adjacent to a river. Considering the land ownership and holdings, types of
plantations, available resources like electricity in close vicinity, etc., there
could be four major models for adoption of drip irrigation as follows:

+ Individual farmers with own Lift Irrigation infrastructure.

« Individual farmers with own water sources (open / bore wells) in
adjoining areas.

» Co-operative lift irrigation schemes

» Govt. Lift Irrigation Projects

In a project where such large scale adaptation in a contiguous area
is mentioned, the drip irrigation models that can be adopted may be 3
and 4. The third model is already implemented in parts of Maharashtra
and northern Karnataka where Farmers’ Cooperatives lift water from
the rivers to irrigate their land with a shared infrastructure. The old
cooperative lift irrigation schemes use conventional flood irrigation
methods for infield water applications. But recently active schemes have
begun to adopt drip systems for their entire command area. In such
schemes, water lifting infrastructure like pump house, distribution
network, etc., is common, while for infield the water application system is
owned by the farmers.

FIGURE 4:

Co-operative lift irrigation schenes like Bambavade / Gotkhindi LI schemes in Maharashtra.
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Depending on the interest of farmers / members of the cooperative
society, the area covered for irrigation in such schemes may be scattered.
In western Maharashtra, there are a few success stories of co-operative
drip irrigation schemes, where, on a pilot basis, the government has given
special assistance to promote drip irrigation in these areas. The Gotkhindi &
Bambavade farmer’s co-operatives are ground breaking schemes that have
performed remarkably well in revolutionizing the concept of lift irrigation.

The fourth model involves Government Lift Irrigation Projects,
wherein, an advanced Automated Drip Irrigation through a close conduit
network is proposed instead of conventional canal networks and flood
irrigation. The main objectives of going in for such Lift and Drip Irrigation
Projects are:

» Avoid permanent land acquisition, which is becoming increasingly
difficult and expensive

« Equitable distribution of water
» Doubling irrigation area with existing limited, available water

» Decrease the gap between Irrigation Potential Created (IPC) and
Irrigation Potential Utilized (IPU).

FIGURE 5:

Govt. Liftirrigation Projects like Ramthal Drip Irrigation Project in Karnataka.
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Generally, under this type of Government sponsored community
irrigation schemes, the area under irrigation will be continuous
throughout the proposed command area, irrespective of farmer interest
/ land holdings. In this segment of Community Micro-Irrigation,
Karnataka state is the pioneer and leader. Karnataka has executed a few
integrated Lift and Micro-Irrigation Projects like Ramthal Drip Irrigation
Project. More details of these models are provided in Annexure 9.

When large-scale micro-irrigation is to be taken up, it would be
best to outsource it to experienced organizations as in the two models
described above. At present, farmers lose much time waiting for water
for flood irrigation. If micro-irrigation is implemented, they can focus on
farm operations and also find time to engage in other income-generating
activities. This should be done in a way tha it preserves the farmers’ right
over his land, and preserves the farmers right to make own crop choices.
Farmers will no longer have a sense of being stuck on the land waiting for
flood irrigation. This will reduce agrarian distress and suicide.

ENSURING SOIL BIODIVERSITY AND REDUCING SOIL EROSION

Soil biodiversity is improved due to multiple rhizosphere of different
fruit crops, and the presence of a variety of microorganisms associated
with the rhizosphere. Soil erosion is totally avoided by the non-tillage,
multi-tier, multi-crop, and mulching model that has been proposed,
resulting in better recharge of groundwater, concomitant with pollutant-
free quality of runoff water. No tillage with good ground cover ensures
increased beneficial soil bio-flora, culminating in sustainable soil fertility.
This also reduces a huge cost head for the farmer, who otherwise spends a
substantial amount of money in tilling the land for every cropping cycle.
The leaf litter and humus formed from the proposed system also adds up to
the organic content of the land, and helps revive soil health at
a quicker pace.
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USE OF NATIVE LIVESTOCK FOR ADDITIONAL INCOME, AND FOR
PREPARATION OF BIO-INPUTS

The proposed model involves the use of native livestock for inputs
required for cultivation, which serves as an additional source of income
to farmer families. Farmyard manure is always required for a farmer to
follow any package of practice — be it chemical-free or otherwise. In this
model, the bio-inputs prepared, like Jeevamirtham, Ghanajeevamirtham,
herbal pest repellents, herbal growth promoters, etc., are to be prepared
by the farmer using the dung and urine from his livestock and from the
biomass from plants in the border area. A farmer need not go out of his
farm to prepare any of the inputs required for his farm, if he has just one
native cow.

The major reasons for holding native livestock are given below: (Dr.
Punniyamoorthy, and expert on livestock, deals with this aspect in detail
in Annexure 17)

» Microbial inoculum in a native cow’s dung and cow urine is what is
multiplied in Jeevamirtham and Ghanajeevamirtham. These are the
inputs that revive soil health and improve the soil organic content.

» The cost of inputs of a cross-bred cow, starting from the cost of the
cow, to the day-to-day expenditure, is always high. Consideration
of two key issues, sustainability and longevity, results in favoring
Indian native breeds (despite their relatively low milk yield).
Unfortunately, many rural farmers prefer crossbred livestock (with
the promise of short-term productivity) rather than the locally
adapted livestock. However, morbidity and mortality is experienced
in non-native breeds, because they are poorly adapted to the local
climate, and are vulnerable to local diseases. For example, Holstein
Friesian crossbred cows are threatened by Foot and Mouth disease
that causes wasting and death in up to a million livestock each year.
Cows of native breeds carry genetic resistance to the disease.

« Farmers can use Ethno-Veterinary Medicine (EVM), an established
science and a practice for prevention and cure of diseases in
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livestock. These medicines can be prepared using herbal plants that
are grown in the farm, and other ingredients available locally. This
significantly reduces the general expenditure a farmer in livestock
health maintenance.

PROMOTE INSECT DIVERSITY

Insect diversity is promoted to ensure that a natural and balanced
population of insects is present. Unlike in mono-culture, in poly-culture
plantations (as proposed in this model), rapid multiplication of pest
population, or dissemination of disease causing pathogens is avoided.

It is lack of knowledge of the agro-ecosystems that forces the
farmer to use pesticides. The pesticides that have been used in the farm
are now found in the food as residue. There are studies that highlight
the ill-effects of long-term consumption of food laden with pesticide
residues. Repeated, prolonged use of one pesticide make pests resistant
it. Consequently, the pesticide is replaced by another, more lethal and
stronger pesticide. Understanding of agro-ecology and different roles
of different types of pests will help farmers appreciate Integrated Pest
Management (IPM) as an approach to pests, and value insect diversity in
this farm. Insect and pest attack is a typical problem in high-input mono-
crop agriculture practice. The issue of pests becomes insignificant when
following the farming system suggested here, especially when farmers
come to realize that insects are the farmers’ best friends.

Thus, in summary, by adopting the suggested model, the fixed asset
value of the land in terms of soil fertility and productivity is ultimately
improved, and shifts towards a future of sustainable agriculture.

PACKAGE OF PRACTICES THAT CAN BE FOLLOWED

A scientific package of practices suggested by the ICAR’s Research
Institutes and State Agricultural Universities (SAU) are available for
sustainable farming systems in a way that the farmers will get a good
yield, while the soil fertility is also protected for sustaining the land
for future generations. The use of drip irrigation systems are also made
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mandatory in this model in view of its multi-fold benefits. The packages
of practices that can be followed for the fruit crops are given in Dr.
Kumar’s report (Annexure 12).

The Department of Sustainable Organic Agriculture of TNAU has a
web portal dedicated to organic farming.4 The entire portal is in English
as well as Tamil and has a Section on ‘Organic Farming and Zero Budget
Special Technologies’.

SPECIFIC EXAMPLE OF A MULTI-FRUIT CROP MODEL: MANGO + GUAVA +
POMEGRANATE CULTIVATION

In this section, we take up a one-acre generic multi-fruit crop model
consisting of mango, guava and pomegranate, as these are the most
widely grown fruit trees.

In one acre, 32 mango trees, 75 guava trees, and 285 pomegranate
plants are used - leading to 392 fruit trees as the main crops. The spacing
for each of the three species are as shown in Figure 6.

Along the border, in the east-west direction as alley crops, two rows
of trees consisting of 14 jamun/jack fruit trees and 70 native and endemic
multi-purpose timber trees are planted. Along the border in the north-
south direction, herbal and mulch plants are planted and maintained as
shrubs for mulch and bio-input needs.

ECONOMICS OF THE ONE ACRE MODEL

If this proposed model were to be implemented, the governments
should be willing to bear the short-term cost of livelihood loss for the
farmers. Also, scale and the pace of the scale-up required for the project
can only be taken up by state machinery. The major bottleneck of the
project will be the willingness and ability of cash crop riverine farmers to
convert to horticulture. In India, most of the small and marginal farmers do
not have the ability to absorb the risk of such a transition.

The challenge in the economic model is that the earnings of the
farmer for the first few years of conversion are below the threshold of
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their current earning of Rs. 74, 988 per annum.>° The fact is that not
many farmers will have the savings to fund this upfront cash outlay. This
would slow down the implementation of the program because only a small
percentage of the farmers will be able to fund their livelihoods for the
initial three year gestation before their income rises above their current
earning threshold.

East
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The government, therefore, should be ready to provide a livelihood
subsidy or loan to the farmer for the initial years of gestation of the fruit
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trees. We have assumed that the farmer must have an annual surplus of
at least, or similar to, their current average earnings of Rs. 74,988.

We are considering two variants of the mango-guava-pomegranate
fruit tree crop model - organically grown and inorganically grown. In
the case of the inorganic fruit model, the total quantum of government
support required for a farmer will be Rs. 75,000, Rs. 74,000, and
Rs. 15,000 over the first three years, respectively.

For the organic fruit model, the total quantum of support required
for a farmer will be Rs. 75,000 and Rs. 55,000 in the first and second
year, respectively (Refer Table 9 and Table 13). This investment could be
made as a subsidy or as a long-term loan to the farmer. Either way, this
government investment seems highly desirable given the significant
payback in terms of saving our rivers, substantially reducing carbon
footprint, ensuring major forest cover gains, large-scale promotion of
personal health, and even as a financial investment for society with a

strong internal rate of return.

COSTS OF THE MULTI-FRUIT CROP MODEL

The economics of the model is based on incurring a cost of Rs. 1.23
lakh initially in the first year. Subsequently in the second and third years,
the maintenance cost would be Rs. 18,000 per annum and this would go
up after three years to Rs. 35,000 per annum. Details are shown in Table 6.

It is assumed that in line with the current government practice,
all the establishment costs are to be funded by the government. The
ongoing maintenance costs can be funded by the farmer himself.
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TABLE 6

With
Drip

Break Up of Costs

Establishment cost (1st year)

Sapling cost, planting material for fodder trees, ploughing, mulch crop, 123,891
pit making, seed preparation, drip installation, labour cost

Maintenance costs per year (2nd & third year)

Weed management through power tiller, Jeevamirtham, growth 17,901
promoter, supplemental mulching

Maintenance costs per year (after 3 years with increased labor costs) A

Pruning, Jeevamirtham, plant protection spray, harvesting, additional
labor, weed management

The costs indicated above are the actual costs plus interest. For
details refer Appendix 5.

FARMER EARNINGS VIA THE MULTI FRUIT-CROP MODEL

In the subsequent sections we examine the earnings from a generic
one-acre multi-fruit crop (mango-guava-pomegranate) model. We start
with a base model of inorganic cropping. Thereafter, we compare incomes
from the following:

+  Multi-fruit crop model vs. single-fruit (mango) crop model
+  Multi-fruit crop model vs. field crop model

+ Organic multi-fruit crop model vs. inorganic multi-fruit crop
model

These are only indicative incomes. In practice, there will be
variations based on the agro-climatic zone, soil health, land treatment
undertaken, irrigation, quality of the produce and the market situation.
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We then compare the income from our multi-fruit model with
incomes from various single-fruit crops. Further, we examine the
additional income in our model from timber and non-timber produce. We
also look at the additional income from livestock, as well as the savings in
agricultural input costs if livestock is maintained. Similarly, we examine
the income from intercropping and the savings in the cost of agricultural
production if intercropping is done.

In the base earning model for the farmer, we have assumed that
the horticulture produce is of the normal inorganic kind, and not of the
organic kind. Given that, the resultant earnings of the farmer would
become Rs. 1.8 lakh per annum by year 5, and Rs. 3.2 lakh per annum by
year 10 (See Table 7).

TABLE 7: INORGANIC MULTI-FRUIT CROP MODEL

Mango + Guava + Pomegranate:
Inorganic farming, without establishment costs, without livelihood subsidy

Trees per
Acre
Expenses per Net Income
Years Return per Crop per Year Total (Rs)
Annum (Rs) GO)
0 0

1 0 0 0

2 0 6000 12540 18540 17901 639

3 0 27000 51300 78300 17901 60399
A 9600 45000 107160 161760 35929 125831
5 21120 57750 142500 221370 37725 183645
6 34560 72000 188100 294660 39611 255049
7 64000 72000 188100 324100 41592 282508
8 84600 64800 169290 318690 43672 275018
9 128000 58320 152361 338681 45856 292825
10 176000 52488 137125 365613 48149 317464
Total 517880 455358 1148476 2121714 328336 1793378
Note 1. Expenses per acre with drip will go up by 5% each year starting from Year 5

2. Internal rate of return (%): Not applicable
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This earning more than doubles the farmer’s current income of Rs. 80,000
per annum. In addition, there will be earnings from the following, which have not
been factored in the earnings model:

 Sale of timber in the long run after 15 years
» Regular earnings from fodder and the jamun fruit tree along the borders

» Possible intercropping earnings in the first few years

COMPARISON OF MULTI-FRUIT CROP MODEL WITH SINGLE-CROP MODEL

It is pertinent to compare the enhanced earnings that result from using a multi-
crop model of mango + guava + pomegranate, as compared to, say, mango alone. With
just one crop (mango) the earnings in both year 5 and year 10 are Rs. 33,000 and Rs.
275,000, respectively (See Table 8).

TABLE 8: SINGLE FRUIT TREE EARNINGS

1 (0) (0] (0]

2 0 0 0

3 0 0 0

4 10 500 15000
5 20 1000 33000
6 30 1500 54000
7 50 2500 100000
8 60 3000 135000
9 80 4000 200000
10 100 5000 275000

MULTI-FRUIT CROP MODEL WITH FARMER LIVELIHOOD SUBSIDY/LOAN
Table 9 shows earnings from the multi-fruit crop model when livelihood
support is provided by the government. The average annual income of the farmer

166 Qs



Revitalization of Rivers In India Draft Policy Recommendation iSL‘G

is protected in the first three years before returns start flowing from the fruit
crop. As has been covered earlier, the compensation of nominal loss of farmer’s
income is justified on account of the eco-system services that rivers and the trees
on the floodplains provide. It is also a very effective way of redistributing wealth
in society in favor of the farmer.

TABLE 9: INORGANIC MULTI-FRUIT CROP MODEL WITH LIVELIHOOD SUBSIDY

Mango + Guava + Pomegranate:

Inorganic farming, without establishment costs, with livelihood subsidy

Variety Mango | Guava | Pomegranate
Trees per
Acre
Net

Expenses In'come Livelihood Inc?me
Return per Crop per Year Total (Rs)| per Annum f/v1t1.10ut Subsidy | . Wl,th
(Rs) leehl.lood (Rs) leeh}.lood
Subsidy Subsidy
(Rs)
1 (0] (0] 0 0 (0] 74988 74988
2 0 6000 12540 18540 17901 639 74349 74988
3 0 27000 51300 78300 17901 60399 14589 74988
4 9600 45000 107160 161760 35929 125831 125831
5 21120 57750 142500 221370 37725 183645 183645
6 34560 72000 188100 294660 39611 255049 255049
7 64000 72000 188100 324100 41592 282508 282508
8 84600 64800 169290 318690 43672 275018 275018
9 128000 58320 152361 338681 45856 292825 292825
10 176000 52488 137125 365613 48149 317464 317464
Total 517880 455358 1148476 2121714 328336 1793378
Note 1. Expenses per acre with drip will go up by 5% each year starting from Year 5

2. Internal rate of return (%): Not applicable
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From the government’s perspective, even if one were to look at the internal
rate of return on these costs for society as a whole, then the societal return on this
investment is a handsome 41% per annum (see Table 10).

TABLE 10: INORGANIC MULTI-FRUIT CROP MODEL WITH LIVELIHOOD SUBSIDY AND
ESTABLISHMENT COST

Mango + Guava + Pomegranate:

Inorganic farming, with establishment costs, with livelihood subsidy

88

Trees per
Acre

EXDEnses Income Govt Net
P without |Livelihood| System
Years Return per crop per Year Total (Rs) |per Annum | ., . .
(Rs) Livelihood | Subsidy | Surplus

Subsidy (Rs) (Rs)
1 0 0 0 0 123891 -123891  -74988  -198879
2 0 6000 12540 18540 17901 639 -74349 -73710
3 0 27000 51300 78300 17901 60399 -14589 45810
JA 9600 45000 107160 161760 35929 125831 125831
5 21120 57750 142500 221370 37725 183645 183645
6 34560 72000 188100 294660 39611 255049 255049
7 64000 72000 188100 324100 41592 282508 282508
8 84600 64800 169290 318690 43672 275018 275018
9 128000 58320 152361 338681 45856 292825 292825
10 176000 52488 137125 365613 48149 317464 317464

Total 517880 455358 1148476 2121714 452227 1669487
Note 1.Expenses per acre with drip will go up by 5% each year starting from Year 5

2. Internal rate of return: 41%

As an alternative to providing a livelihood subsidy, a livelihood loan could be
considered, which the farmer returns after five years in three annual tranches. This
would reduce the effective cost of the program to the government, but would entail
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significant additional complexity in terms of creating the on-ground capability to
recover the funds after five years.

SUBSTANTIAL ADDITIONAL FINANCIAL BENEFIT OF MOVING FROM INORGANIC TO
ORGANIC CULTIVATION

There is a substantial additional benefit of having the farmer transition from
inorganic to organic cultivation of fruits. This is because the sale price realization
of organic crops is about 200% more than the inorganic versions (See Table 11).
However, in future, as organic fruit supply increases, we have assumed that prices
will drop 30% relative to inorganic fruit — and therefore the sustainable premium
over inorganic fruits assumed in the modeling, is much lower, at 120%. There are
annual organic certification costs — but these are nominal (about Rs. 2500 per
annum) and we have built these into the earnings model.

TABLE 11: PRICES OF ORGANIC VS INORGANIC PRODUCE

Organic - Chennai |In Organic - Chennai

Fruits Retail Selling Price |Retail Selling Price | % Difffernce
(Rs per kg) (Rs per kg)

2 Apple 350 130 169%
4 Guava 100 50 100%
8 Mango Alphonsa 180 100 80%

15 Mosambi 125 45 178%
16 Orange 160 45 256%
19 Pomegranate 280 110 155%
20 Sapota 140 25 460%
Average % increase is 200%

Based on this, if one takes the base multi-crop pattern of mango + guava +
pomegranate, the net earnings of the farmer in Year 5 rises to Rs. 4.4 lakhs compared
to the Rs. 1.8 lakhs per annum for the inorganic fruit crop scenario. Correspondingly,
the farmer’s earnings in Year 10 rises to Rs. 7.5 lakh for organic production compared
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to the Rs. 3.2 lakh for the inorganic fruit crop scenario (See Tables 9 and 12). So it is
evident that moving to organic fruit crops is hugely beneficial to the farmer in the
long-term.

It is also pertinent to note that in the case of organic multi-crops, it is likely
that the livelihood subsidy that the government would need to provide would
come down in both quantum and duration. We would probably need a subsidy for
only two years and not three. The quantum would also come down substantially
for the second year — needing about Rs. 75,000 in Year 1 (just as in the inorganic
fruit scenario), but much lower in Year 2 — Rs. 55,000 (as compared to Rs. 75,000
in the inorganic fruit scenario). (See Tables 10 and 13)

TABLE 12: ORGANIC MULTI-FRUIT CROP MODEL WITHOUT LIVELIHOOD SUBSIDY

Mango + Guava + Pomegranate:
Organic farming, without establishment costs, without livelihood subsidy

Trees per
Expenses per
Return per Crop per Year Total (Rs) -
1 0 (0] 0 (0] (0] (0)

2 0 13200 27588 40788 20401 20387

3 0 59400 112860 172260 20401 151859
4 21120 99000 235752 355872 38429 317443
5 46464 127050 313500 487014 40225 446789
6 76032 158400 413820 648252 42111 606141
7 140800 158400 413820 713020 44092 668928
8 186120 142560 372438 701118 46172 654946
9 281600 128304 335194 745098 48356 696742
10 387200 115473.6 301675 804349 50649 753700
Total 1139336 1001788 2526647 4667771 350836 4316935
Note 1. Expenses per acre with drip will go up by 5% each year starting from Year 5;

certification Cost: Rs. 2500 pa

2. Internal rate of return: 41%
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TABLE 13: ORGANIC MULTI-FRUIT CROP MODEL WITH LIVELIHOOD SUBSIDY

Mango + Guava + Pomegranate:
Organic farming, without establishment costs, with livelihood subsidy

Expenses | Income .. Net Income
. Livelihood .
per without Subsid with
Annum | Livelihood y Livelihood

(Rs) Subsidy ) Subsidy (Rs)
(0) (0] (0) 0 (0) 74988 74988

Variety

Trees
per Acre

Years

Return per Crop per Year

0 13200 27588 40788 20401 20387 54601 74988
0 59400 112860 172260 20401 151859 151859
21120 99000 235752 355872 38429 317443 317443
46464 127050 313500 487014 40225 446789 44,6789
76032 158400 413820 648752 42111 606141 606141
140800 158400 413820 713020 44092 668928 668928
186120 142560 372438 701118 46172 654946 654946
281600 128304 335194 745098 48356 696742 696742
387200 115473.6 301675 804349 50649 753700 753700
Total 1139336 1001788 2526647 4667771 350836 4316935

5\OOO\.‘O'\HH-‘-\U\’NH-.I

Note 1. Expenses per acre with drip will go up by 5% each year starting from Year 5;
Certification cost: Rs. 2500 pa

2. Internal rate of return (%): Not applicable

ISSUES RELATED TO ORGANIC CULTIVATION

The sale price realization of organic crops is about 50 percent more
than the inorganic versions, mostly in metropolitan cities. Consumer
awareness to pay discriminative prices for organic products over inorganic
ones is inadequate in many parts of India. This problem requires
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creating of awareness about the benefit of consumption of organic
produce. According to the Organic Farming Policy 2005 of the Ministry of
Agriculture, it is very important to rationalize the importance of domestic
market development. The procedure needs to be simplified. ‘Participatory
Guarantee System’ (PGS) for domestic certification should be extensively
operationalized, where there will be interactive participation of small
farmers, enterprises, traders and consumers. Therefore, greater
government support is required for creating consumer awareness

and promotion of organic certification in order to encourage farmers
converting to an organic multi-tier fruit crop model.

Based on this, if one takes the base multi-crop pattern of mango
+ guava + pomegranate, the cumulative income surpasses cumulative
cost in the fourth year itself. On the other hand, under the conventional
single-crop model for mango, break-even is reached only in the 7 year
(See Appendix 6 for details).

Therefore, it is evident that shifting to organic fruit crops is hugely
beneficial to the farmer in the long-term. It is also pertinent to note that
in the case of organic multi-crops, it is likely that the livelihood support
that the government would need to provide would come down in both
quantum and duration.

COMPARISON OF MULTI-FRUIT CROP MODEL WITH FIELD CROPS

According to the Center for Agricultural and Rural Development
Studies, TNAU, Coimbatore, in riparian farmlands, crops like paddy,
sugarcane and banana are generally grown, but the annual income
realized by the farmers per acre is around Rs. 50,000 (two crops/year),
Rs. 65,000 and Rs. 85,000, respectively (Annexure 12). However, in the
multi-fruit crop model, the average net income in the 5% year is 1.83 lakh
per annum (Table 7) which is double that of conventional crops mentioned
above. This kind of model thus meets the government’s aim of doubling the
farmers’ income. The benefits of the multi-fruit crop model in sustaining
the fertility of the soil are tremendous as compared to conventional crops
which are known to greatly mine the mineral nutrients.
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CONCLUDING NOTE ON THE ECONOMIC MODELS

We took help from multiple sources to gather information about the
income potential of multi-fruit crops for farmers. We commissioned a
study by a retired Dean of TNAU, Department of Horticulture, to develop
multi-fruit crop models (Annexure 12). We gathered details about
establishment cost and income for different fruit trees from officials
of Department of Agriculture (Appendix 1). We also gathered economic
details for various fruit trees from different agro-forestry farmers that
work with PGH (Appendix 2).

A simple model of multi-fruit crops is developed for an inorganic
farming practice to illustrate how it changes the income scenario for a
farmer. The income calculation for this model is indicative. The income
from multi-fruit crops for any farmer will vary drastically based on the
following choices:

» Health of the soil

e Land treatment

» Agro-climatic zone

 Irrigation

« Choice and quality of produce

» Type of farming practice — inorganic /chemical-free

 Market situation

In general, the agriculture and horticulture produce go through
erratic changes in yield and market price realization, due to climate
variations, soil conditions, market dynamics, sub-variety yield
differences, bottlenecks in supply chain management, etc.

In the following section we mark the possible range of incomes from the
above proposed model

Horticulture crops: Farmers growing crops like mango, guava,
pomegranate, amla, sapota, coconut and arecanut make an annual income
in the range of Rs. 43,000 to Rs 4.8 lakh (Refer Table 14). In general, the
horticulture crops give better incomes from the 5% year onwards.
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TABLE 14: RANGE OF INCOME FROM VARIOUS FRUIT CROPS

Crop Name Farm Gate Price |Average Yield per | Per Acre Income

Acre in Slab After 5 Years

Tonnes / Year (In Rs. lakhs)
After Year 5

Mango 15-30 5.0-15 1.5-2.25
Pomegranate 20-50 4.5-12 2.25-4.8
Guava 11-50 5.0-12 0.90-2.5
Sapota 10-15 3.6-21 0.43-21
Amla 15-30 3.6-10 0.58-3.0
Coconut 15-28 4.0-4.8 0.70-1.3
Arecanut 20-45 4.5-12 0.90-3.0

Multi-purpose timber trees: We have studied the economics of 20
different tree species (Refer Appendix 3).

These trees, in addition to creating timber as asset in the land, also
give produce that is in high demand by industries. While the timber
starts maturing for harvest from the 12% year onwards, the by-
products can be harvested from the 5th year.

The by-products include the barks, seeds, flowers, gum, etc., which
have a good market demand in pharmaceutical, cosmetic, dyeing and
food industries.The regular income in this model is about

Rs. 2.8 lakhs per acre per annum after the 5™ year.

The timber as asset when calculated with current market prices, is
worth about Rs. 32 lakh to 6.3 crore in 15 to 35 years. The harvest can
begin from the 15" year. Valuation of the trees gets better with the
age of the tree.

The income from timber and non-timber produce was calculated
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based on the price rates shared with us by Shri Muthuvelayutham of
Covenant Centre for Development. While non-timber forest tree produce,
like bark, leaf, flower, seed, etc., can provide periodical annual income,
timber itself provides for long-term income. A quick return is possible
from pulp trees like Casuarina with an income of Rs. 320,000 per acre of
trees in a 4-year time maturation period with an initial investment of Rs.
35,000 only. (Appendix 3)
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BENEFITS BEYOND RIVERS AND FARMERS

It would be pertinent to point out that this solution of providing a
green cover in a corridor along the length of the river not only serves to
achieve the objective of revitalizing the river, and providing enhanced
livelihood to poor farmers, but also goes a long way in helping achieve two
other national priorities, as described below.

4 MILLION HECTARES OF GREEN COVER; 13% OF NATIONAL ASPIRATION"~

While the national aspiration is to have 33% of the land under
permanent green cover, as of 2015 only 21.3% is under tree cover.
Therefore, India’s deficit in tree cover is currently at 30 million hectares.

In that context, bringing tree cover to either side of a 1000 km
river line will increase the green cover by 2 lakh hectares. India has a
river-line length of around 20,000 km and therefore has the potential of
creating an additional green cover on 4 million hectares of land — thereby
making a significant 13% impact on the deficit in the overall green cover
enhancement target.>

IMPROVED HEALTH STATUS OF POPULATION

Fruits and Vegetables (F&V) will improve the health of the larger
society in India. India has a dual burden of non-communicable diseases
on one end of the spectrum, and malnutrition-related mortality and
morbidity, on the other end.

Non-Communicable Diseases (NCD) accounted for at least 50%
of all deaths worldwide in 2005 and were projected to increase to more
than 60% by 2015. These NCDs include cardiovascular diseases (CVDs),
diabetes, cancers and chronic respiratory diseases, the major brunt of
which are being borne by developing countries like India.

Poor consumption of F&Vs is one important factor linked with
NCDs, which are considered as the sixth main risk factor for mortality in
the world. Overall, it is estimated that low F&V intake is attributable to
approximately 2.7 million (4.9%) annual deaths and 26.7 million (1.8%)
Disability Adjusted Life Years (DALYs), and causes about 31% of Ischaemic
Heart Diseases (IHD), 11% of strokes and 19% of gastro-intestinal cancers.
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It is still significantly associated (protective) with lung/pharyngeal/
laryngeal/oral cancer, type-2 diabetes mellitus, bone-health, vision/
cataracts and micronutrient deficiency state.

A global study reported 74% of adults with low F&V consumption in
India. The per capita consumption of F&V is low in a majority (above 70%)
of population in developing countries like India. A detailed note on the
health benefits from consumption of F&V is provided in Annexure 18.

If the production of fruits on riverine farmlands were to go up,
there need to be enough advertisements and campaigns to increase the
consumption of fruits. The government can take measures to introduce fruits
in schools and anganwadis, for children and pregnant mothers to begin with.

FINANCIAL BENEFITS OF GREEN COVER 33

The United States Department of Agriculture’s Forest Service estimates
that over a 50-year span, a tree generates $ 162,000 in benefits — $31,250
worth of oxygen, $62,000 worth of air pollution control, recycles $37,500
worth of water, and controls $31,250 worth of soil erosion. Tree roots also
remove nutrients harmful to water ecology and quality.

MEETING PROMISES TO THE WORLD ON SDGS

India also stands committed to the United Nations’ SDGs 2030,
that lay stress on ‘leaving no one behind’. Since the SDGs break the silos
approach in policy paradigm, the river conservation and revitalization
policy will address not only SDG 6 (Clean Water and Sanitation) and Goal
15 (Life on Land), but link effectively to all the SDGs particularly Goal 1 (No
Poverty), Goal 2 (Zero Hunger), Goal 3 (Good Health and Wellbeing), Goal
5 (Gender Equality), Goal 8 (Decent Work and Economic Growth), Goal 9
(Industry, Innovation & Infrastructure), Goal 10 (Reduce Inequality), Goal
11 (Sustainable City and Communities), Goal 12 (Sustainable Production
and Consumption), and Goal 13 (Climate Action). The outcomes of
the proposed policy will meet the above goals, thus delivering on the
promises we have made to the world.

=~=29






Chapter o4

CONSERVE AND USE -
AN IMPLEMENTATION
FRAMEWORK




180



Revitalization of Rivers In India Draft Policy Recommendation id,w

he initiative to revitalize rivers has to become a nationwide
movement in order to bring about lasting change.
Revitalization of rivers is not only the responsibility of

the government, it is also that of all those who use water.
It requires the coming together of all of us as a nation to
realize that a river is no more perceived as a commodity, but as an entity
that lives, an entity that breathes life into billions of living beings including
human beings.

The paradigm of water management that exists today clearly reflects
the lack of a perception of rivers being a single entity. Today, rivers are
perceived as a source of drinking water, irrigation, as a resource that can
be used to produce energy or as a commodity used as an input into the
production of all the goods we use — cars, phones, or books. This perception
needs to change.

Having revered our rivers at one point in time, we have forgotten this
reverence today. It is high time we realize the wisdom in that consciousness
- to not abuse something that is fundamental to life but to conserve and use
it. We have come to a point where if we exploit our resources any further,
it would signal disaster for humankind. Right now, though we may still
be reverential towards water, we have come so far from the fundamental
wisdom of conserving water in our daily living that, as a community, we no
longer seem to know how to go about it.

In this chapter we attempt to bridge this gap that lies between the
idea of “conserve and use” of rivers and the actions needed to make this
conservation a way of living for our society. We do this by outlining how
each individual in their own capacity — say, as a consumer, an industrialist,
or a farmer — can do their bit in revitalizing rivers. We do not see a conflict
between ecology and economy. All stakeholders - rivers, farmers, tribals and
other traditional communities dwelling in forests, consumers and industry —
need to benefit from a policy aimed at revitalization of rivers. We also seek to
outline the institutional setup that would be required to support them. While
we have a strong legal framework for prevention of water pollution and sand
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POLICY ECOSYSTEM PRECONDITIONS FOR
IMPLEMENTING RIVER REVITALIZATION

mining in river beds, the regulatory framework for its operationalization is
comparatively weak.

In Chapter 3, we detailed out the policy ecosystem preconditions that
are required for effective tree plantation on public land and farmland. We
identified the conditions required to make the river revitalization plan
technically sound, get participation from majority stakeholders, assist
behavior change of all the stakeholders involved, and initiate specific
economic interventions to de-risk the villages and communities who
are asked to change their livelihood patterns. In contrast, the policy
ecosystem preconditions that are described in this chapter are seen
as essential to the smooth implementation of the river revitalization
program, and to achieve the goal of arresting river pollution.

The details of the policy ecosystem preconditions and the mapping
of institutions in this chapter were shaped by a Focus Group Discussion
(FGD) that was held at Isha Foundation on 27th August 2017. The
group of experts that participated in the FGD was drawn from diverse
disciplines - hydrogeology, forestry, water resources management, soil
science, horticulture, agroforestry, rural livelihoods, agri-business and
agri-marketing, public policy and programs, public administration,
management and banking and finance. They included senior civil
servants, technocrats, bankers, scientists and social scientists,
development professionals, civil society leaders and agri-business
leaders. A list of experts consulted is provided in Appendix 4 and a report
on the FGD is shared in Annexure 20.

Tamil Nadu Agricultural University signed an MoU with Isha
Outreach as a knowledge partner to provide technical and scientific
support to the draft policy recommendations and plantation models
described in this book. Forest College and Research Institute,
Mettupalayam; and Horticulture, Agriculture, Crop Planning, Medicinal
Plants and Research Departments of TNAU contributed greatly to the
detailed approach for implementation outlined in Chapter 3.
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REGULATORY FRAMEWORK TO PREVENT AND COMBAT
POLLUTION AND MISUSE OF RIVERS

The main legislations to control pollution of water are:

Water (Prevention and Control of Pollution) Act, 1974; which
prohibits the discharge of pollutants into water bodies beyond a
defined limit, and stipulates penalties for non-compliance.

Water (Prevention and Control of Pollution) Cess Act, 1977; which
provided for collection of a cess on water consumed by industries
and local authorities. The Rules for the Act (1978) defined standards
for the meter that every water consumer has to install.

The regulatory framework for water pollution mainly consists of (i)
the Central Pollution Control Board (CPCB) which lays down standards
for the prevention and control of water pollution, and (ii) the State
Pollution Control Boards (SPCB) which work under the direction of
the CPCB and the State Government. Both bodies are set up under the
Water (Prevention and Control of Pollution) Act, 1974. The resources for
their functioning come from the cess collected according to the Water
(Prevention and Control of Pollution) Cess Act, 1977. The CPCB and
SPCBs are perceived as weak in their functioning due to infrastructure,
manpower and financial constraints.

Sand is a minor mineral under the Mines and Minerals (Regulation
and Development) Act, 1957 (MMDR Act). The administration of the
mining of minor minerals is within the domain of State Governments.
The Act specifically provides for legal and administrative control
by State Governments over illegal mining, transport and storage of
minor minerals. The MMDR (Amendment) Act 2015 has stringent
punitive provisions for combating illegal mining. The Union Ministry of
Environment and Forests issued Sustainable Sand Mining Management
Guidelines in 2016. These guidelines inter alia “ensure conservation of
the river equilibrium and its natural environment by protection and
restoration of the ecological system”, and “ensure rivers are protected
from bank and bed erosion beyond their stable profile”. Kerala has a law
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to regulate sand mining on river banks and beds, and other states like
Tamil Nadu, Karnataka, Andhra Pradesh and Maharashtra have policies
for the same. Despite these, destructive sand mining persists due to
insufficient institutional framework and enforcement mechanisms and
lack of knowledge of suitable alternatives for sand.

The responsibility of management of pollution of rivers lies with
the specific state pollution control boards. Pollution seems to happen in
spite of specific norms that exist for all point source pollution into the
river. The polluted stretches are already marked and noted by the CPCB.
There are specific standards mentioned for the Sewage Treatment Plants,
which was also revised recently in 2015 by CPCB. To address the pollution
and misuse of the riverbeds the following interventions need to be strictly
mandated:

- Identification, delineation, and notification of river land:
Revitalization of rivers and associated ecosystems can only
be possible if the area is demarcated. Along with this, clear
responsibilities need to be delineated for any institutional entity that
maintains or manages the river to function effectively. An attempt
was made to do this through a draft notification on River Regulation
Zones, which was not acceptable to some States. (We look at this in
more detail later in this chapter.)

- Data on environmental flows: In order to revitalize the life of the
rivers, a minimum environmental flow of water till the sea coast
must be mandated for every river under the Environment Protection
Act, 1986, enough to sustain the flora and fauna in the ecologically
sensitive zone along the river.

The actual estimation of environmental flows to be maintained
in rivers is not a simple process, because of the lack of understanding
of the relationships between river flows and various components
of river ecology. Environmental flows should not only encompass
the amounts of water needed, but also when and how this water
should be flowing in the river.> The assessment of environmental
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flows in India is still in its infancy. The major limitations in defining
environmental flows are: (a) lack of biological data; (b) lack of river
morphological data and sediment transport data; and (c) lack of
understanding of ecological impacts of flow alteration. These should
now become areas of urgent research focus.

In 2015, the estimated sewage generation in the country was

61,754 MLD. Data on the installed capacity of Sewage Treatment
Plants (STPs) shows that only 32.5% of the sewage generated could
potentially be treated. If only operational STPs are considered, this
further drops to 30.5%. In 41 cities, untreated sewage is being directly
discharged into rivers (see Annexure 1). Sewage Treatment Plants
need to be set up for all the cities on river banks.

At present very few cities are levying a service charge on households
for sewage treatment though charges are levied for the water supplied.
Hyderabad Metropolitan Water Supply & Sewerage Board (HMWSSB)
is charging a “Sewerage Cess” of 35% as part of water supply charges.
But institutions not drawing water from HMWSSB automatically pay no
sewerage cess although they generate sewage and may be discharging it
into the public sewer lines.

A realistic sewerage cess should be levied on all domestic and
commercial/industrial establishments based on the amount of water
consumed. This should apply to those connected to the municipal water
supply system as well as those using only groundwater.

Sewage Treatment Plants based on Public Private Participation are
being introduced in several cities. The sewage pipeline infrastructure
is quite old in many cities. While industries can be invited to set up the
STP to treat the sewage collected from the existing sewage network, the
government can invest in upgrading the existing old sewage pipeline
infrastructure to feed into the STPs. The STPs set up by private entities
can be spread across various locations of the city based on the city plan.
The location and size of STPs for managing city sewage will be specific to
the geography, existing sewage network and spread of the city. This can

a~=29 18



K"‘P‘ Revitalization of Rivers In India Draft Policy Recommendation

186

also be one of the key elements of all the Smart City initiatives. Private
participation in sewage treatment can be invited so as to use the output
as a product of commercial value. To finance this initiative, a sewage
treatment tax can be considered. This will contribute to the financial
viability of the enterprise.

The mix of centralized and decentralized STPs can be decided based
on the city planning. The Town & Country Planning Department in
various states have progressively mandated the requirement of STPs for
residential areas, to be set up and maintained by them. All States should
consider a regulation that mandates STPs in all new housing/apartment
complexes with more than 50 dwellings. Similar regulation can be
mandated for any new commercial infrastructure as well.

Data from CPCB in 2009 shows that only 60% of industrial waste
water, mostly from large-scale industries, was treated. Many
industries directly release untreated effluents into the city sewage
system or into rivers and other water bodies (refer Annexure 1).
Urgent interventions are needed to penalize the industries that let
out effluents that do not follow the standards set up by CPCB.

The textiles (wet processing), molasses-based distilleries, pulp-and-
paper industries and tanneries are among the most water-polluting.
In March 2015 the CPCB issued notifications to 9 SPCBs of states
along the Ganga basin, following which notices were sent to factories
asking them to submit action plans for achieving Zero Liquid
Discharge (ZLD) or face severe penalties (including shutdown). In
2008, the Tamil Nadu Government had mandated ZLD for all textile
wet processing units in Tirupur. As ZLD involves high capital and
operating costs, the Union and State Governments had provided
grants of more than 50% towards capital expenditure.” Industries
utilizing river water should be mandated to adopt a Zero Liquid
Discharge model with assistance from the Government. This will
prevent extra withdrawal of surface water or groundwater.

Non-point source pollution from agricultural runoff has largely



Revitalization of Rivers In India Draft Policy Recommendation iS"‘G

been unaccounted for and therefore has become a large contributor
to pollution into rivers. The main agricultural water pollutants

are nitrates, phosphorus, and pesticides. In September 2016, The
Ministry of Agriculture & Farmers Welfare signed a Memorandum
of Understanding (MoU) with Ministry of Water Resources, Water
Development and Ganga Rejuvenation to promote organic farming
on the banks of river Ganga. Under the Namami Gange project,
organic farming will be developed under the Paramparagat Krishi
Vikas Yojana (PKVY) in clusters in 1657 gram panchayats situated
along the course of river Ganga starting from Uttarakhand to West
Bengal.® Similar programs need to be supported on all riverbank
agricultural lands.

Activities such as housing, religious, commercial and industrial
buildings need to be prohibited and regulated to ensure that river
banks, river bed and floodplains are not encroached upon from now on.

To avoid the misuse of riverbeds through unsustainable sand mining,
the Sustainable Sand Mining Guidelines issued in 2016 by MoEFCC
should be operationalized. The Ministry had tasked the District
Environment Impact Assessment Authority with monitoring sand
mining. The building and construction regulations can mandate the
use of alternatives to sand for construction work on areas larger than
a prescribed size. Some of the alternatives that have emerged, and
which are being promoted by the Bureau of Indian Standards are

fly ash, slag, waste from steel industry/thermal power plants/clay
brick and tile industry, and quarry dust. Use of manufactured sand or
M-sand should also be promoted. Architects and engineers need to
be trained on the use of these alternatives.?

Rivers are not bound by political boundaries of states or countries.
It is necessary that when any regulation or legislation regarding rivers is
made, it is done in consultation with the State Governments. There are
many laws and regulations in India that govern water bodies. The most
relevant ones to rivers are as follows:
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State Irrigation and Drainage Acts
River Boards Act, 1956
Inter-state Water Dispute Tribunal Awards
The 73rd and 74th Constitutional Amendments
The Panchayats (Extension to the Scheduled Areas) Act, 1996
The Environmental Impact Assessment Notification, 2006
The Water (Prevention and Control of Pollution) Act, 1974
The Wild Life (Protection) Act, 1972
The Indian Forest Act, 1927

. The Forest Conservation Act, 1980

© ©® N v pHwN =

=
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. The Environment Protection Act, 1986
. The Electricity Act, 2003

-
N

13. Maharashtra Water Resources Regulatory Authority Act (2005)

These laws are focused on how to exploit river water for irrigation
or agriculture, industry, drinking water and water for other domestic
uses. At the time when these laws were made, the focus was largely on
utilization of water and not conservation.

The EIA Notification of 2006 and The Water (Prevention and Control
of Pollution) Act, 1974 do deal with river water, but the focus is on
pollution and not the quantum of water.

The forest and environment protection laws deal with rivers and
other water bodies within the overall biodiversity and ecosystem. There is
no exclusive focus on rivers as such.

The river is not seen as an entity which provides for the
environment, wild life, and human activity. Madhya Pradesh, in a first
legislation of its kind, declared river Narmada as a living entity.° This
change in perception will influence our relatiosnhip with rivers.

Hitherto, the focus has largely been on the supply side: increasing
the availability of water for consumption and productive uses, assuming
water to be a plentiful resource. This includes the assumption that rivers
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will always have water to yield. Lately there has been attention on demand
management in order to increase the efficiency of water use through
pricing and technology. But demand management efforts have been
sporadic, and in practice, the supply-side focus has prevailed. We are now
realizing that water will not always be freely available in our rivers. It is
time for measures to augment inflows into our rivers.

CASE STUDIES ON REGULATORY REGIMES FOR RIVER
MANAGEMENT

In this section, we briefly examine successful river regulation
regimes outside India.

Most of the countries have set criteria for identifying their own
Wild and Scenic/ Heritage/Wild or National Rivers and have meticulously
classified activities that can take place in various stretches of these rivers.

Wild and Scenic Rivers Act (1968): United States

The National Wild and Scenic Rivers System was created by
Congress in 1968 (Public Law 90-542; 16 U.S.C. 1271 et seq.) to preserve
certain rivers with outstanding natural, cultural, and recreational values
in a free-flowing condition for the enjoyment of present and future
generations. The Act is notable for safeguarding the special character of
these rivers, while also recognizing the potential for their appropriate use
and development. It encourages river management that crosses political
boundaries and promotes public participation in developing goals for river
protection.”

Based on their characters, rivers are classified as Wild, Scenic
and Recreational, with varying management in each of the categories,
allowing for varying degrees of development along the river stretches.
Most importantly, the Act prohibits federal support for actions such as
the construction of dams or other in-stream activities that would harm
the river’s free-flowing condition, water quality, or outstanding resource
values.? On March 30, 2010, the U.S. Congress added 1,100 miles of rivers
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to this Act. Currently, 252 rivers are protected under the Wild and Scenic
Rivers scheme.?

Canadian Heritage Rivers System (CHRS) 1984

“Canada’s outstanding rivers will be nationally recognized and
managed through the support and stewardship of local people and
provincial, territorial and federal governments to ensure the long-term
conservation of the rivers’ natural, cultural and recreational values and
integrity.”

The Canadian Heritage Rivers System (CHRS), is Canada’s national
river conservation program, established in 1984 by the federal, provincial
and territorial governments to conserve and protect the best examples of
Canada’s river heritage, to give them national recognition, and to encourage
the public to enjoy and appreciate them. It is a cooperative program of the
governments of Canada, all 10 provinces, and the three territories. CHRS is a
Public Trust and participation in the CHRS is purely voluntary.

Interestingly, CHRS not only works with free-flowing rivers, but also
on highly developed rivers like the Grand and Ottawa, to conserve their
heritage character. Currently, 38 rivers are designated as Heritage Rivers,
while six are nominated. These rivers represent Canada’s diverse social,
cultural fabric and its ecosystems.

Wild Rivers Project, Australia

Wild rivers, found in a variety of Australian landscapes, are rivers
that are relatively undisturbed by the impacts of modern development.
Biological and hydrological processes continue without major interference
in the catchments of these undammed rivers.

A wild river is defined as “a channel, channel network, or a
connected network of waterbodies, of natural origin and exhibiting
overland flow (which can be perennial, intermittent or episodic) in which:

- the biological, hydrological and geomorphological processes
associated with river flow; and
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the biological, hydrological and geomorphological processes in those
parts of the catchment with which the river is intimately linked, have
not been significantly altered since European settlement.”

The Australian Government recognized the importance of wild rivers
across the country in 1992 and launched the Wild Rivers Project. It was
undertaken by the Australian Heritage Commission and Environment
Australia with the assistance of State and Territory agencies and a broad
range of stakeholders. The Project set out to identify rivers, encourage
protection, engage in voluntary management of the whole catchment
and promote the values of wild rivers. It was guided by water resource
management and nature conservation agencies, local government, farmers,
conservation groups, indigenous people and the scientific community.

Montana, USA®

Montana’s 1991 Streamside Management Zone (SMZ) law restricts the
following activities:

+ Clear cutting (removing all or most trees) within 50 feet of a stream,
lake, or water body.

Allowing slash (tree tops, branches) to enter streams, lakes or other
water bodies.

- Constructing roads in the SMZ except when necessary to cross a stream
or wetland.

Side-casting soil or gravel into a stream, wetland or watercourse during
road construction, grading, and maintenance.

Operating wheeled or tracked equipment in the SMZ except on
established roads.

Handling, storing, applying or disposing of hazardous or toxic materials
in a manner that pollutes streams lakes, or wetlands or causes damage

or injury to humans, lands, animals or plants.

Broadcasting burn in the SMZ (allowing fire to spread through
riparian areas).
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TABLE 1: DRAFT RIVER REGULATION ZONE NOTIFICATION

Zones Definition Prohibited Regulated & Restricted/
Activities Permitted Activities

Prohibited Rivers flowing at less than 300 m  In plain areas as well Regulated & Restricted
Activity Zone elevation until the formation of as mountain rivers .
(RRZ-PA) delta close to sea level and hill streams: » Construction of
strategic importance
Extent - Permanent .
' constructions, « Construction of sewage
« River bank upto 500 m from constructionof or effluent treatment
Highest Flood Level (HFL) new embankments, plants (<5 MLD)

without embankments land reclamation, . Temporary

- River bank upto 100 m from  dumping of solid constructions in case of
HFL with embankments wasters/creation emergency
of landfills,
« The entire area available on withdrawal/ + Repair and maintenance
both sides of the river banks  diversion of water of existing road/bridges

for ecologically sensitive
areas, National Parks, Wildlife

Sanctuary, etc. Permitted

Mountain rivers and hill streams:
Rivers flowing at elevation
between 300 m and 1000 m

« Traditional organic
farming

« Traditional capture

Extent - fisheries

- If slope of hill towards the
river exceeds 30 degrees,
RRZ-PA shall extend up to a + Groundwater
distance of 5 m from HFL. withdrawal by hand

pumps for local use

+ Traditional grazing

« If slope of hill towards the

river is 10-30 degrees, RRZ-PA « Discharge of domestic
shall extend up to a distance wastewater from cities
of 15 m from HFL. or towns only after

- If slope of hill towards the treatment
river is less than 10 degrees, « Purely temporary
RRZ-PA shall extend upto a structures

distance of 50 m from HFL.
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Rivers flowing at less than 300 m

Activity Zone elevation until the formation of

(RRZ-RA-I)

Regulated
Activity Zone
(RRZ-RA-II)

delta close to sea level
Extent -

+ Up to 1 km from outer limits
of RRZ-PA. (1.5 km from HFL)
without embankments

« Up to 1.1 km from existing
embankment (1.1 km from
HFL) with embankments.

Mountain rivers and hill streams:
Rivers flowing at elevation
between 300 m and 1000 m

Extent -

« Up to a distance of 100 m or
the crest of the hill, whichever
is less, beyond the boundary
of RRZ-PA

Rivers flowing at less than 300 m
elevation until the formation of
delta close to sea level

Extent -

- 3 km from outer limits of RRZ-
RA-I

In plain areas

Hazardous
waste producing
industries

and chemical
industries.

In mountain rivers
and hill streams

« Permanent
constructions
and dumping of
solid waste.

In plain areas

Hazardous

Regulated & Restricted

» Construction

of residential/
institutional/
commercial buildings;
schools, dispensaries,
recreational facilities,
public toilets

Regulated & Restricted

« All kinds of industries

waste producing discharging wastewater

industries
and chemical
industries.

with toxic pollutants
and heavy metals
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DRAFT NOTIFICATION ON RIVER REGULATION ZONE (RRZ)

The protection of rivers calls for regulation and prohibition of
certain activities in the river bed and its floodplain by demarcation of
necessary zones. Unfortunately, India does not have any legislation to
protect the free-flowing status of any of its rivers.

The recent attempt to notify a River Regulation Zone (RRZ) has
been the first step in providing the kind of attention that rivers need
today. In March 2017, MoEFCC had sent a draft River Regulation Zone
notification to State Governments seeking their views. The RRZ, which
is modeled on the Coastal Regulation Zone (CRZ), proposes to prohibit
and regulate activities on the river front and floodplains. It also seeks to
have a National River Conservation Authority headed by the Secretary of
MOEFCC. The main characteristics of the proposed RRZ are:*

The proposed River Regulation Zones will be under the ambit of the
Environment Protection Act, 1986.

There are three regulatory zones proposed under RRZ, defined
differently for rivers flowing at less than 300 m elevation, and for
mountain rivers and hill streams:

1. Prohibited Activities Zone (RRZ-PA)
2. Restricted Activities Zone (RRZ-RA-I)
3. Regulated Activities Zone (RRZ-RA-II)

Within each of these zones, there are prohibited, restricted,
regulated and permitted activities (see Table 1).

The mooting of this notification in itself is encouraging, but the
zones and the size of the zones seem to be not acceptable to the states.
The Maharashtra CM has scrapped this zonation as he did not think it
benefited anyone,>® while CM of Odisha Shri Naveen Patnaik finds that
this zonation is impractical in his state where the total length of all the
rivers put together is 12,000 km.> If the suggested norms were to be
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implemented in Odisha, of the 1,56,000 km? area, around 1,08,000 km?
will end up in the restricted or prohibited zone leaving very little area for
development.

The RRZ as an idea is sound, but the zonation seems to be non-
implementable in its present form. If a more pragmatic version is
implemented all over India to prevent future encroachments on river
beds, banks and floodplains, it will have a beneficial impact on rivers.

The plantation of trees on government land and horticulture trees on
private farmlands for augmenting inflows into rivers is a more acceptable
solution than strict zoning to protect rivers. Though the change in
agricultural land use proposed may be slow initially, in the long run it
works in every stakeholder’s interest. The proposal does not demand any
change in ownership of riverside land, but seeks to change the farming
pattern from water intensive annual crops like paddy, wheat, sugarcane,
etc., to tree-based farming of multi-purpose trees and fruit trees. In this
proposal there are not only strategies to ensure that the farmer’s income
is not affected, but also ways in which the income can be doubled by
transitioning from field crop farming to tree-based farming.

Nevertheless, a policy would be required to protect our rivers from
further ecologically destructive activities, while supporting agricultural
and forest-based livelihoods. An existing policy that can be examined
and adapted is that of Eco-Sensitive Zones. The land use around many
Protected Areas in India has undergone drastic changes in the recent past,
mainly on account of industrial and infrastructure development. To stem
this incursion, the Government decided to notify eco-sensitive zones
(ESZs), i.e. areas that act as shock absorbers or transit zones. All activities
in ESZs are envisioned as regulatory rather than prohibitive. As a general
principle, the width of an ESZ is extendable up to 10 km around Protected
Areas.

Eco-sensitive zones are notified the Environment (Protection) Act,
1986.22Section 3 of the Environment Protection Act and Section 5(1) of the
Environment Protection Rules, 1986, empower the Government to restrict
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areas in which certain industries, operations and processes cannot be
carried out or can be carried out only with adequate safeguards. The areas
can be chosen based on their biological diversity, maximum allowable
concentration of pollutants, environmentally compatible land use, and
proximity to Protected Areas. The MoEFCC guidelines to declare ESZs
around Protected Areas list prohibited, restricted and permitted activities.
At the same time they tell State Governments to convey a strong message
to the public that the ESZ is not meant to restrict day-to-day activities,
but only to protect their environment from negative impact.?

Building on the concept and guidelines of ESZs around Protected
Areas and adapting it to river bed/bank/floodplain, the minimum lateral
distance of 1 km from the river should be demarcated and declared as an
Ecologically Sensitive Zone under the Environment Protection Act, 1986,
with do’s and don’ts prescribed to protect it.

NODAL AGENCY TO FACILITATE COORDINATED EFFORT -
COOPERATIVE FEDERALISM

The recent introduction of the Goods & Services Tax (GST) was an
example of co-operative federalism where both the Center and the States
gave up some of their tax powers so as to create a unified national market.

River revitalization is rendered complex due to the Constitutional
position on water. According to the Constitution of India, water is the
17™ entry in the State list. But the governance of inter-state rivers is the
56™ entry in the Union list. In reality, rivers do not adhere to political
boundaries — out of 25 major rivers in the country, only seven flow within
one state. Many rivers are shared between at least two states.

A simple single-point-focused activity of tree plantation along the
entire length of the river, in a country as big as India, will involve many
organizations. Water being a State subject, there will be a large number of
agencies, across different states, which will work on inter-state rivers.
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Secondly, the tree plantation effort has as its stakeholders: the river,
the forest, farmers, and the larger society. With so many stakeholders and
such an elaborate complex legal background, implementation of a project
of this kind would require an effective institutional setup, clear roles
and responsibilities of various agencies and a framework that facilitates
collaboration.

The River Boards Act (1956) was enacted to manage inter-state
rivers. The law was passed to manage inter-state rivers with a sense of
urgency in 1956 and the stated objective of the River Boards to be formed
was to deal with ‘matters of the requlation and development of inter-state
rivers and river valleys’.>

The functions of the Board included advising State Governments on
co-ordination to achieve maximum results in, inter alia,

- Conservation, control and optimum utilization of water resources of
the inter-state river

- Promotion of afforestation and control of soil erosion, and
- Prevention of pollution of the waters of the inter-state river

Considering the grave threats to our rivers, it would be desirable
to have a single managing entity like a River Board for each inter-state
river and rivers that flow within single states. A River Conservation
Authority at national level as nodal institution for all river boards
would also be desirable.

» For smooth and unhindered implementation, considering
the diverse actors and activities, and the timebound nature
of afforestation/plantation interventions, a single window
support system housed in the nodal institution would make the
implementation of river revitalization very efficient.

+ Information & Communication Technology support, in the form
of a Dashboard could be instrumental in tracking and informing
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stakeholders on the progress of implementation. This is already
working well for a number of government schemes.

A robust management and monitoring plan is needed to ensure
and oversee the implementation of the provisions of the river
policy. The institutional structure for integrated river resources
management needs careful design and representation of community
institutions, PRIs and ULBs, relevant government departments and
elected representatives from the State Assembly and Parliament.
State Pollution Control Boards and existing river basin-specific
organizations like the Bhagirathi River Valley Development
Authority, Irrigation Corporations in Maharashtra, Krishna and
Godavari River Management Boards, Water Resources Regulatory
Authorities (in Maharashtra, Andhra Pradesh, Arunachal Pradesh)
need to be integrated in the institutional structure.

Convergence across various government bodies: In the section
discussing the role of each stakeholder and the institutions, we

list a number of Ministries and their respective departments that
need to be engaged to revitalize the rivers. These departments

deal with - agriculture, water resources, environment, fisheries,
rural development, pollution control, horticulture and others. The
stakeholders along with whom these ministries have to work are

- farmer organizations, Gram Sabhas and their forest resource
management committees, consumer groups, private sector players,
NGOs/Community Based Organizations, elected representatives
and PRIs. To establish convergence and coordination of all these
institutions and the stakeholders is a crucial task. As has been
done for various government schemes in the past, there could

be a Mission-model body with personnel drawn from relevant
departments, reporting to a committee of Secretaries of the relevant
departments, and finally answerable to a Group of Ministers of
relevant Ministries, chaired by the Chief Minister. A similar co-
ordination mechanism drawing on personnel from various State
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Governments would be needed for inter-state rivers.

The importance of river revitalization would need a high-profile co-
ordination and oversight body at the Center, such as a Committee

of Secretaries reporting to a Group of Ministers answerable to the
Prime Minister.

Grassroot planning and implementation: The cutting edge of the
program would be at the sub-district level, the block/taluka, the
Gram Panchayat, and individual villages/settlements. Panchayati Raj
Institutions could be empowered to play a crucial role in promoting
the twin strategy of conservation and livelihoods security. But this
also depends on the extent of devolution by the State Government

to PRIs of powers, functions, funds and functionaries. In many
states parallel institutions set up to implement government
programs are more salient than say, Gram Panchayats. In general,
the Gram Panchayat could be a nodal agency for oversight of village
and settlement level planning. A pragmatic approach would be

to spearhead implementation with the strongest community-

based institutions existing. These could be the Community Forest
Resource management committees under FRA in forest areas, Village
Watershed Committees (VWC), FPOs and other farmer organizations,
Biodiversity Management Committees (BMC), women’s SHGs or
traditional community institutions.

Monitoring, evaluation and learning: A multi-faceted program of
this kind needs a robust M&E and learning framework. Monitoring
has to be both concurrent and periodic. Independent agencies with
this role need to be involved from the very inception of the program,
at the stage of preparation of the program logical framework and
the implementation plan, and subsequently for baseline studies.
Learning from the program requires concurrent research on

the validity of its basic premise - the impact of community-led
afforestation and agro-forestry on river flows and farmer/forest
community incomes. Multi- and inter-disciplinary science research
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(drawing on hydro-geology, ecology, silviculture and agriculture)
and social science research (economics of community forestry
and chemical-free agroforestry; sociological research into gainers
and losers from program interventions) would feed back into the
program, and enrich the disciplines.
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ACTORS

FARMERS & ADIVASIS / OTHER TRADITIONAL FOREST DWELLERS

The most important and vulnerable stakeholder in the tree plantation
on farmlands on riverside are farmers. A farmer’s decision to agree to plant
trees in his farmland by replacing his present cash crop either makes or
breaks the case for river revitalization. While all the tasks on the farmland
in transitioning to and operationalising the new cropping pattern will be
his, he will need active government help to make the transition successfully.
While various schemes to support the farmer’s transition may be offered by
the government, finally it will be the farmer who decides whether to enroll
himself in these schemes. The farmers will need to organize themselves
through the FPOs.

Tribals and other traditional forest-dwelling communities have lived
off the forest for millennia. The Forest Rights Act, 2006 has been one of
the strongest legal tools that has provided them community rights to
manage the forest resource they depend on. The community forest resource
management rights provided by this law is central to the implementation
of afforestation in forest lands under this program. The tribals and the
communities that depend on the forest should be encouraged to plant
trees in their community forest area and to adopt a tree based agroforestry
model for their lands where individual forest rights are recognized. Their
subsistence needs are usually supplemented with wild fruits and other wild
products from the forest. Formalization of their already existing association
with forest to benefit them economically will ensure they do advance levels
of tree farming on their lands where individual forest rights are recognized
as well as on lands where CFR management rights are recognized, for
products used in agri-business inputs along with fruits. The species chosen
will have to be conforming to the local forest ecology. Income from non-
timber produce can be substantial and formation of FPOs will help the tribal
communities in this direction.

INDUSTRIES

With growing realization of scarcity of water resources and their
pollution, industries consortia have been spearheading efforts to make
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member industries responsible water consumers. There needs to be an
internally agreed upon industrial standard in directing the industrial
activities of the preexisting industrial setups on the river floodplain.

All industries drawing water from rivers should voluntarily transition
towards ZLD, and Governments should assist them with technology and
finance. The Agri-SEZs that need to be set up for the riverine farmers’
produce would have to be incentivized for safe waste disposal and
minimum usage of the water in their premises.

PRIVATE TRADE AND MARKETING ENTITIES

As fruit production begins, its sale and realization of value will
be important to keep production cycles going. Private organic produce
aggregators will be the key to link producers with markets. Where such
aggregators are not yet operating, existing trade channels for non-
organic fruits will have to be influenced to buy the produce with a price
differential. Private retail market players, from supermarket chains and
exclusive organic produce outlets to wholesalers supplying to traditional
shopkeepers and pushcart vendors, will need to be linked with. Local
consumption is to be encouraged through improving the infrastructure
and other supports for local haats and provision to supply to schools
and anganwadis. Local production and local consumption will have the
potential to reduce the wastage of fruits and thereby stimulating local
circulation of wealth

POLITICAL LEADERSHIP

The political leadership in the districts where this river
revitalization project will be initiated need to support the farmers in their
districts in the transition to tree based farming models. They can be the
effective link in ensuring the schemes, the program’s farmer-livelihood
support transfers and other support systems are made available to their
farmers in their district. An important role would be to facilitate linkages
between FPOs and consumer markets, and FPO links with Education and
Women & Child Welfare departments for supply of fruits for mid-day
meals in schools and anganwadis.
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CITIZEN CONSUMERS OF FRUITS

The important and most crucial stakeholders, just like farmers,
are citizens. The citizens need to consume fruits and increase the
quantum of fruits consumption in their diet. While it is suggested
that the Information and Broadcasting department will do the job of
communication and awareness generation on benefits of consumption
of fruits, ideally, all consumers must be willing to pay a price that will
be agreeable and reasonably profitable to producers. But realistically,
depending on the market segment, there will be varying sensitivity
to price, quality and convenience of buying. A pro-sumer (producer—
consumer) association has to be developed in the local region to build a
self-sustaining fruit production and consumption scenario.

We as people can take interest to learn about and participate in the
programs that the government initiates to revitalize rivers, in different
capacities. This is the way we unknot the legacy of the strained rivers-
human relationship. For the solution of tree plantation proposed and
detailed in the previous chapter to work, we need to have a clear map of
the ideas - actors — institutions. Usage of rain water harvesting and waste
water reuse in homes and business premises and factories, will definitely
help in demand management

CONSERVE AND USE

A river as a single entity is the point of view of this chapter. The
prelude to ecosystem preconditions is that it should be and it has to be
looked at as a single living entity and not as a commodity to be exploited.
This will set the tone for the ecosystem preconditions. Then ideas and
actors will follow.

The Idea in the fundamental solution we propose in case of
revitalizing rivers is tree plantation.

Actors will be all the stakeholders who have to play an active role in
implementation of the framework.
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Institutions are the agencies that are responsible towards
implementing the overall and different segments of the program.

The effective relationship between actors and the institutions in
a larger legal framework is the key to a successful implementation of
this program. Actors and institutions do overlap. Actors like farmers
and communities protecting forests are themselves to be organized into
institutions that play a crucial role in implementation. Industries have
their own associations.

Figure 1 illustrates the relationship between the ideas-actors and the
institutions.

REGULATORY FRAMEWORK
“Implementing institutions — Y pmmememememimmimimimemes
Actors ; '
" I
Ministry of Tribal ' Revival of Rivers i
nis . | :
Aiffairs !
: ! Ministry of
Ministry of ' ldea 2 ] Emvironment and
Environment and : L Farmans Forest & CC
Forest & CC : |
I I A ~ # 1’
Ministry for ! Tree plantation ;| Consumers D;F;Fi:ll]lﬁltpﬂ
industry and o 00 pubiic and on farm land on : -
commerce Industri ! \ 1Orests ana either sides of . Cities
N | the river _
| ; Ministry of Urban
" L #reo i
Department of Consumers | (| industries Affairs
Agriculture I |
| :
I
Miristry of Tinistry o Ministry of Water Ministry of Information sentre Follution
Law anc Bes % Broadcasting Control Board
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FIGURE 1: MAPPING OF IDEAS - ACTORS - INSTITUTIONS



Revitalization of Rivers In India Draft Policy Recommendation ig‘,w

GOVERNMENT INSTITUTIONS
AND THEIR ROLES

The key and most important aspects of the projects lie with the
project management and leaders. Bureaucrats are proposed to be the
implementation heads of such projects. A primary requirement of an inter-
disciplinary project of this kind is coordinated action by bureaucrats in
charge of different departments. Tree plantation is a time bound activity and
coordination and convergence becomes a mandatory requirement. That is, if
the saplings are not planted in the pre-decided time, the money and effort
will only be wasted. Once the tree-farming system is set up, on a continuing
basis, there has to be co-ordinated action by various institutions to generate
products (fruits, timber and NTFP) and market them, and to maintain
production systems (soil health, irrigation efficiency, pest control, credit)
transport systems (transport infrastructure) and marketing systems (storage
and market infrastructure).

FOREST DEPARTMENT

In community forestry on forest land, the Gram Sabha and community
forest management institution will be in the forefront of species choice,
tree planting and raising, harvesting and trade. Forest departments have to
play a crucial facilitative role for QPM, technology, credit, transit, market
information and security. The tasks required for plantation across a river’s
length in the state will involve these tasks:

Planning the trees for different zones across the length of river.

Procure seeds of the different set of trees that are planned for both private
land and government land.

Create and develop nurseries with the trees planned for the proposed length
of the river.

Distribute the private land forestry saplings to the agriculture department/
farmers directly.
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CREATING INFRASTRUCTURE FOR LARGE-SCALE AVAILABILITY
OF SAPLINGS

For 1000 kilometers of river length, assuming 1 kilometer-wide
fruit tree belt on 60% of river length (based on the situation in Madhya
Pradesh), the total number of fruit saplings (quality planting material -
(QPM)) required is estimated to be 12 crore considering 400 plants per
acre including allowance for mortality. If fruit tree saplings are raised by
grafting, the number of saplings that can be grown in 4 years is roughly
15,000 saplings/acre. About 7500 acres of land will be required merely
to raise these saplings. Under forestry plantation, the total number of
quality planting material required per stretch of 1000 kilometers of river
is estimated to be 8 crore, including multipurpose trees to be planted
in farmland. To produce the required QPM, roughly 400 acres of land
area with water facility will be required. The capacity of nurseries in the
state may need to be strengthened. It is important to develop sufficient
infrastructure to produce QPM by organic methods. This will be a critical
element for successful implementation of the project. Unlike the
horticulture nursery which requires a three-year period for producing
sapling by grafting/layering, most of the seedlings of forestry species can
be deployed in a year’s time.

The actual land required for setting up additional nurseries to produce
Quality Planting Material would depend on the existing sapling production
capability in the state, and will also depend on the actual scale of riverside
plantation achieved on a year on year basis. One would need to identify
agro-climatic regions within the state, preferably along the river line, and
promote commercially viable nurseries run by village communities as a
livelihood initiative for women and women’s SHGs. The availability of raw
material, at low costs will be a major criterion for selection of these areas.

The production of QPM can be in three phases. In phase 1 right at
the beginning of the program, all saplings will have to be purchased from
accredited suppliers of QPM. The three years of phase 1 can be used to
identify and begin tree nurseries in clusters of villages in the same agro-
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climatic zone where plantation will take place. In phase 2 and 3, village
nurseries can take over sapling production. This will be a livelihood
activity for the selected clusters and result in availability of saplings best
suited to the agro-climatic zone.

Therefore it is important to develop sufficient infrastructure
to produce high quality planting material. This is especially so if we
are to make them chemical-free. It is therefore required to evaluate
infrastructural capability in this regard in each concerned state. It is also
required to strengthen the existing infrastructure of nurseries run by the
agriculture, horticulture and forest departments and universities and also
accredited private nurseries. There would need to be a focus on supporting
community based nurseries to fill the resource gaps in relation to quality
planting materials, training of personnel, accreditation and organic
certification requirements.

AGRICULTURE DEPARTMENT

In this project, the Forest department and Agriculture department
can start the implementation once a detailed Project Report is ready.
The Production of the QPM is the most important aspect in the whole
program. The respective departments then hold the responsibility to
reach out and distribute these saplings to the farmers.

Perhaps the most complex part of the responsibility, involving
persistent and sustained engagement, is regarding the behavior and
mindset change of the riverine farmers. The required change in mindset is
not a simple one as such. We are asking a farmer to move to a completely
new system of farming — non-pesticide farming, and also to change the
crop to trees that we suggest him or her to grow. This is a huge risk which
involves his livelihood. When such a change is proposed the responsibility
falls on the agriculture department to de-risk this transition from all
quarters, as follows:

- Information and training of riverine farmers on tree plantation
through KVKs and other outreach institutions
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Distribution of saplings to the farmer

Compulsory enrolment of farmers of this program into crop and
livestock insurances

Compulsory micro-irrigation facility to provide to all riverine
farmers through PMKSY

Institutionalization of the farmers through FPOs in the riverine belt

Setting up of Agri-SEZs to manage the produce from the tree
plantations along the length of the river.

Train FPOs in managing and running the Agri-SEZ units

Provide financial compensation for the tree plantation farmers
in the early years to address the notional loss of income from the
transition

As fruit production begins in large quantity, the State Agriculture
Produce Marketing Board will assume importance as it has to
maintain all Government markets efficiently.

In many States, Government civil supplies outlets that stock and sell
fruits will have to be linked with FPOs.

ENSURING ADEQUATE SUPPLY OF WATER FOR DRIP IRRIGATION

It is vital for the farmer to have an assured water supply, or an

assured source of water to bring up their crops. The need to ensure this
has been articulated in the government initiative called the Pradhan
Mantri Krishi Sinchayee Yojna (PMKSY) where every farmer’s irrigation
requirement is addressed as Har Kheth Ko Pani. The PMKSY also
promotes drip irrigation practices called ‘Per Drop More Crop’ ensuring
judicious usage of water thereby bringing down the overall demand for
water.
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FACILITATING MOVEMENT FROM INORGANIC TO ORGANIC
HORTICULTURE

Non-point source or diffused sources of pollution that join the
river from agricultural run-off, comprising chemical fertilizers and
pesticides, have remained largely unaddressed. Not only do these
pollutants cause severe river pollution, they also pose significant health
and environmental risks. However, an effective mechanism to control/
tackle the same is yet to be devised. While organic farming needs to be
encouraged and promoted among the farming community as a short term
measure, the use of chemical fertilizers and pesticides needs to be phased
out in a time-bound manner for a long term solution in coordination with
the Ministry of Agriculture and Ministry of Chemicals and Fertilisers.
Framing of necessary legislation and effective implementation may
also be considered necessary in this regard. If legislation is to be
initiated, support for organic farming inputs and livelihood support have
to start first, along with widespread dissemination of the plan to bring in
a law.

Conversion of organic waste into compost, use of livestock dung
and urine and bio fertilizers for use as manure for agriculture purpose are
to be promoted so that the agricultural land will become fertile and also
reduce non-point source pollution coming through use of fertilizers and
pesticides.

This is an imperative given the substantially higher earnings of the
farmer. This movement towards chemical-free horticulture will also go a
long way in bringing down the pollution in rivers due to agro-chemicals.
The key tasks required to make this happen are:

Training and hand-holding of farmers in relation to chemical-free
farming practices would be required especially in the initial few
years.In this context the role of livestock and biomass from trees in
the farm towards self reliant farming is crucial for increasing the
net income from the farm.
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Identification and creation of model farms and farmers in each
Panchayat/block is a critical requirement for the farmer to transition
to the proposed agri-horti-forestry model.

Facilitation of organic certification of produce through group
certification by third parties or through the Participatory Guarantee
System (PGS) is to be considered. This certification will play an
important role in securing higher price realization for the farmer.
The government will need to build the institutional capability to
support certification of organic farm produce.

In an ideal scenario the government should facilitate the movement
from inorganic to organic directly. However, given the ground
realities, there may be a need to consider a phased approach of
moving from inorganic to non-pesticide management in the first
phase, and from there moving to using an organic package of
practices.

ORGANIZING SALE OF PRODUCE, SUPPORT WITH BRANDING,
AND ENSURING PRICE STABILITY

As a result of this large scale movement to production of fruit crops

on river banks there will be a substantial increase in the supply of fruits
compared to the current market size in India — and this will be especially
so if the movement is towards organic fruit crops as recommended by this
proposal. The key tasks required to make this happen are:

Need institutionalization of the farmers via an appropriate

Farmer Producer Organization (FPO). One of the key challenges

of the farming community in India is its lack of organization. By
facilitating organization of farmers through FPOs, the government
can provide and implement schemes to these large groups
seamlessly. This also gives farmers the strength to participate in
markets, as their graded and aggregated produce will now become
substantial in quantity. The FPO with the aggregated produce, as an
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entity, will be capable of raising capital to invest in ventures that
can engage in production of value added products and bargain for
better price realization.

There is another large opportunity to leverage the FPO infrastructure
to create a unified ‘brand’. There are many potential benefits of
building a unified national organic brand:

Building a brand could be an important way of enhancing price
realization for farmers, and ensuring price stability. Creating a brand
is a particularly relevant idea in the context of organic produce —
because the brand could, over a period of time, come to provide the
consumers an assurance in relation to the truly organic nature of the
produce.

The organic produce market in the country is in an early stage of
development, so this would be a good time to create such a brand
with a relatively good early mover advantage.

A unified national organic brand would be a relatively cost-effective
way of directing marketing expenditure to build a stable consumer
franchise.

A brand would also allow for an easier upgradation to more value-
added products in relation to the food-processing industry.

Lastly, it is quite possible that one would have to develop

export markets for the organic produce — given that the organic
consumption trends in the more developed parts of the world are
well ahead of the trends in India. Again a brand would be vital to tap
into these export markets.

Finally the government has a wonderful precedent with NDDB milk
federations and the creation of the Amul brand. Learnings can be
taken from here and suitably contextualized and evolved.

As part of developing the market for organic fruits, the government
would have to take purposive steps to encourage the building up of
a food processing industry and a cold chain in close proximity to the
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major nodes of organic farm production. As an increasing number

of farmers take to fruit cultivation and get organized into FPOs, the
role of the state in fostering farm-industry linkages will come into
sharp political focus. Development of this infrastructure and the
linked cold chain would also be a necessary pre-requisite to tap into
the large export market for organic produce. Facilitating export sales
could play a strong role in ensuring domestic price stability in spite
of the rapidly increasing supply of organic farm produce.

Hub and Spokes Model for Mega Food Parks

The processing units being the hub, the pre-processing centers
being the spokes at cluster level, and the collection centers the
spokes at village level, the village level and cluster level operations is
envisaged to be managed by FPOs, while the main processing unit is
to be managed by industry. There needs to be a guaranteed buyback
arrangement from industry so that the farmers are not at the mercy
of the market for their produce.

WATER RESOURCE DEPARTMENT/ RIVER MANAGEMENT BOARD

There are river management boards for some major rivers, but
otherwise rivers as water bodies are governed by water resource
departments across most states. These departments are responsible for
allocation of water from the river and the type of activities that happen
in and around the rivers. The responsibility of this department will be to
ensure that the activities of tree plantation on the riverine floodplain are
supported and other activities that undo the efforts of tree plantation are
restricted. These include:

Not permitting any new industrial activity to start on the project area

Allocating water from the river, based on the flows of the
previous year

Managing and allocating the quantum of water so that
environmental flow of the river is addressed
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WOMEN AND CHILD HEALTH DEPARTMENT

When the fruits are to be produced all across the private land on
the floodplains of rivers, there is going to be a substantial increase in the
quantity produced. This newly available quantum of fruits needs to be
consumed. If the consumption of these fruits is not ensured, it will add
to the already high wastage of fruits in India. Along with this issue there
exists the larger scenario of malnourishment of children in this country.
There is a scenario where these probable problems can become a solution
for each other.

Synergy may be achieved by Riverine Farmer FPOs officially tying
up with the respective Women and Child Development Ministry and the
Departments of Education, for regular supply of fruits for anganwadi
and mid-day meal programs of schools. A policy of serving only organic
produce in school and anganwadi mid-day meals may also be considered.

INFORMATION AND BROADCASTING MINISTRY

The project we have proposed is economically viable, environmentally
sustainable and technically feasible. But many projects with such vision have
failed to achieve their objectives. This is due to the fundamental problem of
communication. When a project like this, which aims to revitalize a river,
has a byproduct of production of fruits in huge quantities, such voluminous
supply needs to be met through consumer demand. This needs public
interest advertising, promoting consumption of fruits as a health message,
which can be facilitated by the Information and Broadcasting Ministry.
Promoting organically produced fruits alone can also be considered both on
health grounds and to support organic fruit farming.

This department can also be used to motivate the farmers and help
them get information regarding the riverine tree plantation. The department
should compile and broadcast program productions to the farmers and
consumers through the different mediums available to the department at
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their disposal — radio, TV, Kisan TV and all others available to them.

Other agroforestry multi-purpose trees grown on farmland have the
potential to augment the income of the farmer from the sale of timber
and non-timber produce. The necessary farmer-friendly change in transit
regulation for cutting and sale of timber will encourage the farmer to go
in for planting such multi- purpose trees in his farm. A business model
envisaging a tie-up from industry for non-timber produce through FPOs
as contract farming, will provide stability of farm income and can be a
win-win situation to FPOs and industry.

CONVERGENCE OF GOVERNMENT DEPARTMENTS: NEED FOR A
SINGLE WINDOW FOR FARMERS

The convergence of various state departments and other
organizations has to be oriented towards the goal of livelihood
enhancement. It is vital to offer the farmer a single window for
interacting with the government. It is also imperative to build online
platforms for delivery of these benefits and services to farmers in an
efficient, transparent, and quick manner.

This whole initiative therefore has to be developed not as a project
but as a program encompassing multiple streams of projects, where
different aspects of this model are effectively managed. Therefore,
the sub-projects in the program have to be aligned to the different
departments and other organizations and monitored centrally

by involving an appropriate level of authority. In other words,
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the program is to be designed as a convergence model involving
different schemes implemented by different implementing agencies/
government departments. The following are the government
departments which will need to work in a convergent way at the state
level to support fruit tree cultivation on private land and community
forest resource management on forest land:

Animal Husbandry

Extension

Animal Health

Livestock Insurance

Public Works Department
Irrigation

Agriculture

Horticulture

Nursery

Sustainable Organic Agriculture
Organic Certification
Agricultural Marketing
Agriculture Extension — KVK
Facilitation of FPO Formation
Forest Department
Territorial Forestry Division
Working Plan Division

Social Forestry and Extension
Environment Department
Forest Policy Division

Forest Management
Nurseries

Minor Forest Produce

State Compensatory Afforestation Fund Management and

Planning Authority (State CAMPA) - Steering Committee &
Executive Committee
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Fisheries

Departments of Panchayati Raj and Rural Development
Watershed Management

Department of Tribal Affairs/Tribal Welfare & Social Welfare
Revenue Department

Department of Financial Services

National Agricultural Insurance Scheme (NAIS)
Department of School Education

Department of Women & Child Development
Department of Food & Civil Supplies

Planning, Economics and Statistics Department
Culture and Tourism

State Remote Sensing and Environment Center
State Pollution Control Board

Small Farmers Agri-Business Consortium (SFAC)
NABARD

Nationalized Banks

Agriculture Universities

Department of Sustainable Agriculture

Animal Husbandry

Department of Animal Husbandry

Horticulture Department

NGOs & NGO Networks

Training and hand-holding farmers in chemical-free farming
practices

Facilitation of FPO formation and establishment
Guidance for getting community forest resource rights
recognized

Support for community forest resource planning, management
& marketing; partnerships & institutional arrangements
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Financial support is needed for land use change to agro-horti-
forestry by farmers and for community forest resource management.
These are from a range of different government departments as
enumerated below:

Drip irrigation - Agriculture Engineering Department — ‘More Crop
Per Drop’ (PMKSY)

Rainwater harvesting structures — Agriculture Engineering
Fruit tree crop establishment — National Horticulture Mission
Crop loans through kisan credit card — Agriculture Department
Crop insurance — Pradhan Mantri Fasal Bima Yojna

Livestock insurance — Department of Animal Husbandry, Ministry of
Agriculture

Labor costs which are not covered in the above-mentioned schemes
can be covered by NREGS

Livelihood subsidy/loan from the appropriate Government
department

Loan from Tribal Development/MFP Department/Corporation for
initial MFP gathering costs

Loan from co-operative/nationalized banks for MFP processing &
marketing
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MAPPING —
ACTORS AND INSTITUTIONS

A simple project with a single mandate of tree plantation on parts
of the river floodplain along the entire river’s length requires substantial
amount of work to be done by the stakeholders of the project. This chapter
looks at the scope of the actors and their responsibilities towards revitalizing
the rivers.

FARMER

Table 2 details the activities that the farmers have to engage in and the
support that has to be provided by the owner institution.

Farmer Activities Owner Institution: Department of Agriculture and Farmer
Welfare

Become aware of tree- Conduct trainings on agro-forestry models for farmers through
based agro-forestry KVKs and other extension mechanisms.

proposed for riverside . .

farms Identify and create model farms and lead farmers in each

Panchayat/block.

Arrange exposure visit to successful farmers in the region to
change the mindset of the farmer

Learn about Non- Use National Mission on Sustainable Agriculture and train and
Pesticide Management  build skillset of farmers to move from pesticide to non-pesticide
(NPM) farming.

Transition to tree-based Livelihood support to compensate the notional loss in income
farming during the transition period.

Work with local research organizations to identify native and
endemic species specific to the agro-climatic zone that will suit
the river floodplain and also be economically viable.

Provide training on intercropping with trees, fodder and staple
crop specific to agro-climatic zone of farmer.

Adopt NPM and Facilitate training from departments/NGOs to move from
eventually no chemical  chemical to NPM and eventually to organic farming.
farming
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Avail crop and livestock  Set up easy to use online platforms for farmers to enroll in river
insurance revitalization programs and avail insurance.

Enroll all farmers in the target area for mandatory crop and
livestock insurance.

Implement Micro- Tie up with banks for zero percent loan/subsidy to help

irrigation farmers access micro-irrigation technology like drip irrigation.
Collaborate with Ministry of Water Resources in specific areas
when this is rolled out.

Learn about and set up  SFAC, under the Department of Agriculture is mandated to help
FPOs identify and set up FPOs based on produce.

Local NGOs can be used to support FPOs in the initial years of
setting up.

Facilitate group certification of farmers who grow produce under
NPM or organic methods, based on the farmers’ choice.

Facilitate industrial tie-up for produce from FPOs.

Initiate grading and Facilitate FPOs to set up infrastructure for preliminary value-ad-
pre-processing activities dition in terms of cleaning, grading and pre-processing.

Use NABARD funding to conduct administrative activities of
FPOs.

Set up cold storages and warehouses to store goods to reduce
wastage and get better prices.
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TRIBAL AND OTHER TRADITIONAL FOREST-DWELLING

COMMUNITIES

The Ministry of Tribal Welfare is the owner institution that will
support the activities of tribals and other traditional forest dwellers.
But as the land that is being worked on is forest area, the Ministry of
Environment, Forest and Climate Change should support the activities.

Activities by Tribal
and Indigenous
Communities

Become aware of
the tree-based river
revitalization project

Learn how it will affect
the community

Participate in the
decision making of the
species to be planted

Get trained in producing
and collecting tree-
based raw materials

Become aware of tree-
based agro-forestry
proposed for riverside
forest land where
individual rights are
recognized

Owner Institution: Ministry of Tribal Welfare

Supporting Institution: Ministry of Environment, Forest and

Climate Change

Provide detailed information on the tree-based river
revitalization intervention

A clear role for the community has to be decided with respect
to the trees planted in the reserve area.

The choice of trees in the reserve forest should be
indigenous and endemic to the forest. It should be decided in
collaboration with local forestry experts and considering the
hydrological condition of the aquifer.

NGOs help farmers organize into FPOs and tie-up with agri-
businesses

NGOs support community forest resource planning,
management & marketing; partnerships & institutional
arrangements

Conduct training on agro-forestry models for farmers through
KVKs and other extension mechanisms of the Departments of
Agriculture and Tribal Welfare

Involve and collaborate with the Ministry of Information and
Broadcasting

Involve local NGOs working with the communities to bring
awareness about riverside tree plantation.



Revitalization of Rivers In India Draft Policy Recommendation id,\a

Learn about Non-
Pesticide Management

Learn about and set up
FPOs

Transition to tree-based
farming

Adopt NPM and
eventually no chemical
farming

Processing/value
addition and marketing

Use the National Mission on Organic Farming and train and
build the skillsets of farmers to move from pesticide to non-
pesticide farming.

SFAC, under the Department of Agriculture is mandated to
help identify and set up FPOs based on produce.

Accredited NGOs in the region can support FPOs in the initial
years of setting up.

Facilitate group certification of farmers who grow produce
under NPM or organic methods, based on the farmers’ choice.

Facilitate industrial tie-up for produce from FPOs.

Livelihood support to compensate the notional loss in income
during the transition period.

Work with local research organizations to identify native and
endemic species specific to the agro-climatic zone that will
suit the river floodplain and also be economically viable.

Provide training on intercropping with trees, fodder and staple
crop specific to agro-climatic zone of farmer.

Facilitate training from departments/NGOs to move from
chemical to NPM and eventually to organic farming.

Facilitate FPOs to set up infrastructure for preliminary value-
addition in terms of cleaning, grading and pre-processing.

Use NABARD funding to conduct administrative activities of
FPOs.

Set up warehouses to store MFP to reduce wastages and get
better price

Provide market information and facilitate price discovery,
facilitate fair auction and prevent cartelized/monopsonic
buying
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CONSUMERS

At present, fruit consumption in the country is woefully low. An
individual on an average consumes less than 60 grams of fruit every day.
However, the prescribed quantity by WHO is 300 grams. In the proposed
agro-forestry model proposed fruit trees are suggested for monthly and
seasonal incomes. If the farmers have to move from a water-intensive paddy
or wheat to a fruit tree, they have to be able to see profits. For this to happen
there needs to be demand for their produce and also a fair price realization.
This needs work from the Ministry of Information and Broadcasting, the
Department of Food and Civil Supplies and the Department of Agriculture
to connect the producer to the consumer. Annexure 18 describes the health
benefits of consuming fruits.

Activities by Owner Institution: Department of Agriculture

Consumers X .. _ 5
Supporting Institution: Ministry of Information and

Broadcasting

Become aware of where Awareness camps in Resident Welfare Associations by
the food on their plate = Department of Agriculture

comes from . .
Create and broadcast ads on health and fruits over different
mediums — Radio, TV, WhatsApp groups and other social
media platforms
Repeatedly telecast ads and other media content about
farmers and what they do to get food on our plates. This
should evoke respect for farmers in people’s hearts.

Become aware of the Create ads, documentaries and animations on fruits and how

nutritional value of important they are for health.

fruits

Repeatedly telecast ads and other media content promoting
eating fruits and their benefits

Special focus on organically produced fruits
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Know your farmer Organize weekly farmer markets like weekly haats and
broadcast about them on radio and other media that are
specific to cities. Encourage people to visit.

Organize exposure visits to the farms around a city.

Link farmers and consumers by organizing farmer groups to
give presentations to city audiences.

Children and pregnant  Facilitate FPOs to tie up with anganwadi and heath care
women should consume workers of the villages.

fruits
Give fruits as part of mid-day meal, preferably organically

grown

Work with the Department of Education and Department of
Women and Child Welfare to facilitate this.

Become willing to pay =~ Awareness campaigns about what it takes to produce fruit,
for fruits value chain of the produce, and why organically grown fruits
tend to cost more.

Buy directly from Department of Agriculture can develop an app to aggregate
farmers of FPOs the locations of all farmers and FPOs. This can be used by
consumers to locate farmers and directly transact with them.

INDUSTRIES

The relationship of industries with the forest, rivers and the farming

community will have a huge impact on the quality of work done to
revitalize rivers. Industries play two important roles in the revitalization
of rivers:

- As the primary water user and effluent generator.
- As buyers of produce from tree farmers.
INDUSTRY AS A WATER USER

Although the industrial sector uses a lot less water (15%) than
agriculture, they still account for a substantial quantum of water (~100
Billion Cubic Meters) usage in the country.
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Activities by
Industries (as a water
consumer)

Use water efficient
technologies for
industrial activity

Harvest rain water
in the industrial
premises

Treat effluent to
acceptable standards
before releasing into
rivers or other water
bodies

Owner Institution: Ministry of Industry and Commerce

Supporting Institution: Central Pollution Control Board and
Ministry of Water Resources

Efficient water use standards specific to sectors and activities
must be developed.

All industries must be mandated to adopt water efficient
technologies.

Incentivize efficient use of water.
Disincentivize inefficient use of water.

Work with Water Utility Boards, Ministry of Water Resources to
evolve a monitoring protocol across the project area.

Mandate Rainwater Harvesting (RWH) in all industrial
establishments.

Disincentivize industries who do not have RWH on their
premises.

Heavy penalties to be levied by State Pollution Control Boards
on industrial units discharging raw effluents into rivers.

Facilitate interest-free loans or subsidies to set up effluent
treatment plants in the unit. E.g. Tirupur incentivized effluent
treatment plants, reducing pollution in the Noyyal River.

Incentivize industries that treat effluent.

Incentivize industries that reuse the treated effluents within
the units.

Industrial development boards should collaborate with State
Pollution Control Boards to routinely monitor and implement
measure to mitigate pollution.
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INDUSTRY AS A MARKET FOR AGRO-FORESTRY PRODUCE

The entire premise of enhancing the farmer’s livelihood is the
transition from producing staples to perishable fruits and other tree-
based produce. Getting the farmers to change their crop pattern is
possibly the simpler part. All these years, the assumption has been that
markets will emerge to buy a commodity that is produced in substantial
quantity. But what pans out usually is a market glut, leading to farmers
dumping their produce in the farm itself, to avoid even transportation
costs. At the same time, the horticulture sector is still not saturated and
the food processing industry is growing at a 13% growth rate.? In India
we process only 4% of fruits and vegetables produced. There is a large
potential for futher processing. The activities that need to be done by
industries to realize this potential are as follows:

Activities by Owner Institution: Ministry of Industry and Commerce
Agribusiness Industries
(as a market to fruits
and other tree-based
products in target areas)

Supporting Institution: Department of Agriculture

Identify and tie-up with ~ Department of Agriculture to maintain a database of FPOs

specific FPOs that can and produce details.
provide raw materials to . . L .
. SFAC or other local NGOs to facilitate tie-ups with industries
industry
Ministry of Industry to help agri-businesses set up ‘mega
food parks’ for aggregation of produce from various FPOs.
Help install farm Department of Agriculture to help set up micro-irrigation
technologies in the technologies in the farms in tie-up with ndustries.

farmer’s land . . .
Provide on farm assistance to monitor and ensure good

quality of produce.
Have buy back The companies which express interest in a particular type
arrangement and of produce to FPOs and farmers, should have a buyback

guaranteed price payment arrangements and offer a guaranteed price.

on the date of delivery . . . . .
Department of Agri-Marketing can take an active role in setting
up the Industry-FPO/Industry-Farmer tie-ups.

NGOs can play a key role in creating and facilitating the tie-ups.
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URBAN SETTLEMENTS

Urban settlements with dense populations in small areas stand
second as water polluters. Only less than 30% of the sewage generated
gets treated. Stringent actions need to be taken to reduce the discharge of
untreated sewage from urban settlements into rivers.

Secondly, urban areas have diverted water from rivers for domestic
use, and also over-exploited their groundwater. Urban Local Bodies
should mandate measures for water demand management.

Activities by Urban Local
Bodies

Set up effluent treatment
norms for housing
complexes. Independent STPs
to be mandated in housing
complexes based on number
of houses

Owner Institution: Ministry of Urban
Affairs

Supporting Institution: State Pollution
Control Boards

City municipal authorities should develop
Sewage Treatment Plant capacities and
standards of effluent treatment based on
their population density.

State Pollution Control Boards must

help implement these standards and
monitor the households/communities for
compliance.

Incentives and dis-incentives in the form
of reduced property tax and penalties for
violators should be followed to ensure STPs
are set up.

Collect charges for treating sewage
generated by households and industrial
establishments.

Set up independent STPs if the number of
households in the housing complex are
more than 50 in number.

Levy fines on housing complexes that do
not set up STPs and link to the existing
sewage system of the city.
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Rainwater harvesting to be
mandated in all households
and housing complexes.

Water metering and revision
of water billing slabs and
sewerage charges

To a good extent this has been incorporated
in building norms in many cities

like Chennai and Bangalore. It needs
strengthening in all cities.

Water bills across most parts of the country
are a flat bill given to each household.
Water meters need to be installed and water
should be billed based on usage rather than
flat bills.

There is a quantum of water that is
designated as lifeline water, which a person
will need to meet his basic needs. Water
billing should be based on consumption
slabs with progressively increasing per liter
rates, to curtail the wasteful use of water.

Sewage billing of households that are
connected to the city network needs to

be initiated. The city should mandate
paying sewage bills for both domestic and
commercial purposes.
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GENERIC IMPLEMENTATION

PLAN

A river-wise specific revitalization action plan would need to be
prepared by conducting detailed surveys, investigations and studies of
the individual river, beginning from the origin to the termination point.
These studies and investigations would need to be carried out based on a
firmed up Terms of Reference document (ToR). Hydrological data for the
last 40-50 years, contour maps, inventorization of wetland, catchment
area, floodplain, rural and urban settlements, extent of use of fertilizers,
agricultural lands and cropping pattern, socio-economic status, etc.,
would have to be studied and will have to form the basis for a concrete
and implementable River Action Plan.

The activities that are enumerated for tree plantation based
river revitalization need to be implemented with financial and time
implications. It will be prudent to introduce a project of this kind as a
Public Private Partnership, taking into account various financing models
including gap funding, annuities and design —build-operate (DBO)
models. The cost sharing can be done between the Center and State
Governments. The Companies Act 2013 mandates companies to allocate
2% of their profit to Corporate Social Responsibility activities. This
available CSR funding can be used towards revitalizing rivers too.

To develop an implementation plan for working on any good stretch
of rivers, it will be useful to conduct a detailed pre-project baseline
study and develop an implementation plan that is specific to a river. A
generic list of activities that need to be conducted to develop a detailed
implementation plan are:

1. BASELINE STUDIES
a) Water budget
b) Land use - land cover pattern analysis (LULC)
c) Demography
d) Land-holdings and current farming practices

e) Industries and Municipalities
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2. IDENTIFICATION OF TECHNICAL INSTITUTIONS AS KNOWLEDGE
PARTNERS

3. SOLUTION DESIGNING FOR PRIVATE LAND

a) Develop a tree plantation plan for private land on either side of
rivers

b) Identify the government departments that have to support the
farmers through the transition from annual crops to tree-based
crops

c) Identify agro-forestry and horticulture schemes under the
Horticulture Department

d) Identify the subsidies under different schemes to help adopt
micro-irrigation in all the farms in the project area

e) Preparing and strengthening farmers
4. SOLUTION DESIGN FOR GOVERNMENT LAND
a) Identification of specific forest species for government land
b) Purchase of Quality Planting Material (QPM)
¢) Institutional setup
d) Overall project outlay for the government
5. THE WAY FORWARD
a) Institutionalization of farmers into FPOs along the river segment
b) Crop and livestock insurance
c¢) Tie-up with industries to establish forward linkages
d) Incentives to ensure sustainability beyond the subsidy period

e) Approximate budget for working on a river
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FINANCING RIVER
REVITALIZATION PROGRAMS

There is also a need to pool resources from various programs of
the Central Ministries of Environment, Forest and Climate Change
(MOEFCC), Urban Development, Drinking Water and Sanitation,
Agriculture and Farmer Welfare and Ministry of Water Resources, River
Development and Ganga Rejuvenation as well as the State Governments,
and ensure implementation of afforestation, environmental flow, wetland
conservation, promotion of efficiency in agriculture, scientific studies,
etc., to revitalize rivers.

Some of the major schemes that can support the implementation of
the tree plantation program to revitalize rivers are:

1. IMPORTANT SCHEMES:
(a) Mission on Integrated Development of Horticulture (MIDH)
(b) National Mission on Sustainable Agriculture (NMSA)
(i) Paramparagat Krishi Vikas Yojana (PKVY)
(ii) Sub-Mission on Agro-Forestry (SMAF)
(c) Pradhan Mantri Fasal Bima Yojana (PMFBY)
(d) Pradhan Mantri Krishi Sinchai Yojana (PMKSY)
2. OTHER RELATED SCHEMES OF RELEVANCE:

(a) NMAET - National Mission on Agricultural Extension &
Technology

(b) RKVY — Rashtriya Krishi Vikas Yojana
(c) NFSM - National Food Security Mission
(d) SAGY - Saansad Aadarch Gram Yojana

(e) CAMPA Funds - based on Compensatory Afforestation Fund Act,
2016

Annexure 22 provides the objectives and available finances of each
scheme mentioned above.
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INDICATIVE BUDGET FRAMEWORK

The government, through its ministries and departments, is
graduating into outcome-based budgeting. Following from this, we
have presented an indicative budget framework in Appendix 6. We have
fine-tuned our outcome-based budget framework to the limited level of
the program we are proposing. We have divided the program into three
sub-programs, which contain all activities that are required to meet the
common objective of each, and an indicative budgetary framework is laid
out.

These sub-programs are:

Creation of awareness: For any policy to be successful, it is important
to generate awareness about three things - ‘Situation, Complication
and Solution.’ The situation in this case is the consistent degradation of
rivers in the country; the complication is the impossibility of agriculture
and life if the rivers are not revitalized; and the proposed solution is
afforestation. Clear communication of policy objectives will not only
create an acceptance for the proposed policy intervention but will also
help in obtaining the support of the general masses and stakeholders,
which is crucial to any successful policy.

Afforestation: The plantation of trees is the crux of the program. This
budget lays out the activities that need to be undertaken for achieving
afforestation in three different contexts - state-owned land, land owned
by farmers, and land owned by forest dwellers. Furthermore, this is a long
process and has been divided into a pre-plantation phase, which ideally
begins as soon as the government accepts the program. The second phase
is the plantation period, which, depending on the tree variety, may take
between 1 and 3 years to materialize. Post-plantation, there are some
regulatory functions that need to be performed on an on-going basis.

Creation of agro-based industry: The strength of this model is its
systems approach. It looks at rivers as a system of biodiversity, and
approaches its revitalization through the revitalization of all its facets.
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Organic afforestation helps in refilling of aquifers and catchments while
causing minimum water pollution. Similarly, the economy of the project
is also analyzed through a systems approach. The afforestation drive will
lead to high-quality produce of fruits. However, it is equally important for
this produce to find its way to the market at fair prices. Only then will the
economic loop get closed. For this reason, we have envisaged the creation
of a vibrant agro-based industry with significant participation of farmers
through Farmer Producer Organizations (FPO). The third budget lays down
the activities for this sub-component.



a~=29 23



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

ENDNOTES - CHAPTER 1

234

1.

2.

10

11.

12.

13.
14.

15.

16

A Brief Introduction to the Ancient Indus Civilization, Harappa.com, Link: https://www.
harappa.com/har/indus-saraswati.html

“The Rig Veda is the oldest of the four Vedas. It is the oldest extant book in the world and
remains in active use” (Sanyal, op. cit.)

. Sanyal, op. cit.

. India, Country Water Report, 2012, FAO Link: http://www.fao.org/nr/water/aquastat/

countries_ regions/IND/

. Ibid.

. Learning from the Past, Sustainable Water Use in Tamil Nadu Link: http://www.green.

aurovilleportal.org/agro/253-learning-from-the-past-sustainable-water-use-in-
tamil-nadu

. Manoj Misra, “A law to protect rivers”; in Iyer, Ramaswamy R. Living rivers, dying rivers.

Oxford University Press, 2015.

. Smakhtin, V.; Anputhas, M. 2006. An assessment of environmental flow requirements of

Indian river basins. Colombo, Sri Lanka: International Water Management Institute. 42p.
(IWMI Research Report 107)

. Groombridge, B.; and Jenkins, M. 1998. Freshwater Biodiversity: A preliminary global

assessment. World Conservation Monitoring Centre (WCMC) Biodiversity Series No. 8.
World Conservation Press. Cited in Smakhtin & Anputhas (2006), op. cit.

. Smakhtin & Anputhas (2006), op. cit.

Dyson, M., Bergkamp, G. and Scanlon, J., (eds). Flow — The essentials of environmental
flows, 2nd Edition. Gland, Switzerland: IUCN. Reprint, Gland, Switzerland: IUCN, 2008.
Chapter 1: Getting Started

The World’s Rivers, Link: http://wwf.panda.org/about_ our_ earth/about_ freshwater/
rivers/

Ibid.

* Madhya Pradesh Assembly declares Narmada living entity’, http://indianexpress.com/
article/india/madhya-pradesh-assembly-declares-narmada-living-entity-4639713/

‘Ganga, Yamuna termed ‘living persons’’, http://www.thehindu.com/news/national/
ganga-yamuna-termed-living-persons/article17547682.ece. However the Supreme
Court subsequently stayed the HC order in response to a petition from the Uttarakhand
Government.

. https://en.oxforddictionaries.com/definition/river

L=



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Living rivers, dying rivers: River Yamuna Link: http://www.indiawaterportal.org/
articles/living-rivers-dying-rivers-river-yamuna

‘Yamuna, Living or Dying?’ Pg. 17, in Iyer, Ramaswamy R. Living rivers, dying rivers.
Oxford University Press, 2015.

A flood event that has a one percent probability of occurring in any given year.
Manoj Misra, op. cit.

Yamuna, Living or Dying? Pg. 18, in Iyer, Ramaswamy R. Living rivers, dying rivers.
Oxford University Press, 2015.

ibid

It’s time to revive our rivers.,17 January 2017, Deccan Herald, http://www.
deccanherald.com/content/591779/its-time-revive-our-rivers.html

Water levels in 91 major reservoirs fall to less than 19% of combined capacity, 14
May 2016, Economic Times, Link: http://economictimes.indiatimes.com/news/
politics-and-nation/water-levels-in-91-major-reservoirs-fall-to-less-than-19-of-
combined-capacity/articleshow/52262424.cms

Gupta, Harish, Shuh-Ji Kao, and Minhan Dai. “The role of mega dams in reducing
sediment fluxes: A case study of large Asian rivers.” Journal of Hydrology 464 (2012):
447-458.

Charting Our Water Future, Economic frameworks to inform decision-making, 2009,
Mckinsey & Company, Link: http://www.mckinsey.com/~/media/mckinsey/dotcom/

client_ service/sustainability/pdfs/charting%200our%20water%?20future/charting our__

water_future_ full report_.ashx

Wastelands Atlas, 2011, Link: http://www.dolr.nic.in/WastelandsAtlas2011/
Wastelands_ Atlas_ 2011.pdf

Himalayan Solutions: Co-operation and security in river basins (2011), Strategic
Foresight Group, Mumbai Link: http://www.strategicforesight.com/publication__
pdf/97785HimalayanSolutions.pdf

22 of India’s 32 big cities face water crisis, 9 September 2013, Tol, Link: http://
timesofindia.indiatimes.com/india/22-o0f-Indias-32-big-cities-face-water-crisis/
articleshow/22426076.cms

BofAML’s Transforming World Atlas, ; Bank of America Merrill Lynch, 2015, page 22.
Link: http://www.wtcphila.org/uploads/4/9/5/7/49572435/bofaml-transforming-
world-atlas-2015-08.pdf

235



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

236

31. Wong, C. M., et al. “World’s top 10 rivers at risk. Gland, Switzerland: WWF
International.” (2007).

32. Water resources depleting in Ganga catchment area: Study, 10 August 2015, The
Tribunal, Link: http://www.tribuneindia.com/news/uttarakhand/water-resources-
depleting-in-ganga-catchment-area-study/118089.html

33. ‘WWF Names World’s Top 10 Rivers at Greatest Risk’; March 21, 2007. http://www.ens-
newswire.com/ens/mar2007/2007-03-21-01.asp

34. Vasudev Mukunth; ‘The Indus and Ganges-Brahmaputra Basins Are Drying Up Faster
Than We’d Like’, The Wire, 22.06.2015; https://thewire.in/4430/the-indus-and-
ganges-brahmaputra-basins-are-drying-up-faster-than-wed-like/

35. The Threat of Climate Change to the Indus...already lost over 90% of its original forest
cover; WWF; http://wwf.panda.org/about_our_ earth/about_ freshwater/freshwater__
problems/river_ decline/10_ rivers_ risk/indus/indus_ threats/

36. Vasudev Mukunth, op. cit.

37. Tamil Nadu faces worst drought in 140 years, May 2017, Link: http://www.rediff.com/
news/report/pix-tamil-nadu-faces-worst-drought-in-140-years/20170509.htm

38. Why There Is No Option to Sharing Cauvery Water,12 September 2016, Link: http://
www.indiaspend.com/cover-story/why-there-is-no-option-to-sharing-cauvery-
water-53582

39. Soon, We May Not Have a Cauvery River to Fight Over, 18 September 2016, The Wire,
Link: https://thewire.in/66739/cauvery-bengaluru-mettur-krishnarajasagar/

£40. Drawing Water for Thirsty Lands- Stories of the Closing Krishna River Basin in South
India, 13th World Water Congress, Montpellier. September, 2008, Jean-Philippe Venot,
Link: http://www.iwra.org/congress/resource/abs491_ article.pdf

£41. Wake Up Call for Uttarakhand as 50% hilly rivers have dried up in the past 5 decades,

24 April 2017, Link: https://news.euttaranchal.com/wake-call-uttarakhand-50-rivers-
dried-past-5-decades

42. Quiet chokes the Godavari: River turns into trickle in Maharashtra, 29 April 2016, Link:
http://www.hindustantimes.com/india/quiet-chokes-the-godavari-river-turns-into-
trickle-in-maharashtra/story-DOW9nPPGq0GinjG2338TUM.html

£43. India’s water management still plagued by British legacy, Observer Research
Foundation, Link: http://www.orfonline.org/research/indias-water-management-
still-plagued-by-british-legacy/

44. ‘Indian Himalayan Glaciers’, National Institute of Hydrology (NIH) Roorke. Link:
http://nihroorkee.gov.in/rbis/india_ information/glacier.htm

45. Wright, Jonathon S., et al. “Rainforest-initiated wet season onset over the southern
Amazon.” Proceedings of the National Academy of Sciences (2017): 201621516.

L=



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.
60.

61.

62.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Mollison, Bill; Permaculture. A designer’s manual by Mr. Bill Mollison, Chapter 6:-
Trees and their energy transactions

Hegde Narayan G; Water Scarcity and Security India (slide deck) ‘BAIF’, 2009. Web:
http://bit.ly/28lgsrk

‘3 Maps Explain India’s Water Risks’, World Resources Institute, http://www.wri.org/
blog/2015/02/3-maps-explain-india%E2%80%99s-growing-water-risks

Rivers Contain Groundwater, USGS Water Science School, Link: https://water.usgs.gov/
edu/rivers-contain-groundwater.html

Bhattacharyya, Ranjan, et al. “Soil degradation in India: Challenges and potential
solutions.” Sustainability 7.4 (2015): 3528-3570.

Kumar, Rakesh et al. “Water Resources of India”, Current Science, Vol. 89, No. 5. 10
September, 2005.

Hegde, op. cit.

Population Growth and Changes in Land Use in India, Ms Soumya Mohanty,
International Institute for Population Sciences, Link: http://iipsenvis.nic.in/
Newsletters/vol4no2_ 3/Soumya.htm

Falkenmark Water Stress Indicator (Resources to population index); Web: http://bit.
ly/281g1XX

Hegde, op. cit.

National Water Quality Monitoring Programme, Link: http://www.cpcb.nic.in/
divisionsofheadoffice/pams/NWMP.pdf

‘Guidelines for improving water use efficiency in irrigation, domestic and industrial
sectors’, Central Water Commission, Ministry of Water Resources, Government of
India, November 2014; Link: http://wrmin.nic.in/writereaddata/Guidelines_ for__
improving water_use_ efficiency.pdf

Agricultural statistics at a glance 2014, Ministry of Agriculture, Government of India
CPCB Bulletin, Vol 1. (2016).

Illegal sand mining in river beds blamed for flood fury in Bihar’s East and West
Champaran, 22 August 2017, Hindustan times, Link: http://www.hindustantimes.com/
patna/illegal -sand-mining-in-river-beds-blamed-for-flood-fury-in-bihar-s-east-
and-west-champaran/story-PUuQbOw8pjj24sWYCxpLVI.html

Vedeld, P.; Angelsen, A.; Sjaastad, E.; Kobugabe-Berg, G. 2004. ‘Counting on the
Environment: Forest Incomes and the Rural Poor’. Environment Department Paper No.
98. World Bank, Washington, D.C.

Linking climate change and water resources: impacts and responses, IPCC, https://
www.ipcc.ch/pdf/technical - papers/ccw/chapter3.pdf

~=29 23



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

238

ENDNOTES - CHAPTER 2

1.

“How 700 Kerala villagers waded through a dead river, cleansed it and brought it back to
life in 70 days.” 7 May,2017, Hindustan Times, Link: https://goo.gl/AmO5Sc

. “In Kerala, a people’s movement brings back to life dead river Varattar”, 13 July 2017,

Livemint, Link: http://www.livemint.com/Politics/30a9tjIDel3fbg8shkkE10/In-Kerala-
a-peoples-movement-brings-back-to-life-dead-rive.html

. ‘Community water management — the story of the ‘Arvari River Parliament’’: India

Link: http://www.righttowater.info/rights-in-practice/rights-based-approach-
for-practitioners/community-water-management-the-story-of-the-arvari-river-
parliament-india/

. ‘The River Boards Act, 1956’, Ministry of Law and Justice, Link: http://lawmin.nic.in/

1d/P-ACT/1956/A1956-49.pdf

. ‘Guidelines for improving water use efficiency in irrigation, domestic and industrial

sectors’, Central Water Commission, Ministry of Water Resources, Government of India,
November 2014; Link: http://wrmin.nic.in/writereaddata/Guidelines_ for_ improving__
water__use__ efficiency.pdf

. “ What Is A Watershed?” Link: http://www.mbgnet.net/fresh/rivers/shed.htm

. ‘Summary of Integrated Watershed Management approaches across Canada’, Canadian

Council of Ministers of the Environment, page 8. Link: http://www.ccme.ca/files/
Resources/water/water__conservation/Summary%?200f%20Integrated%20Watershed%20
Management%?20Approaches%20Across%20Canada%20PN%201559.pdf

. “Integrated Watershed Management Program (IWMP)”, Department of Land Resources,

Ministry of Rural Development, Gol Link: http://www.dolr.nic.in/iwmp_ main.htm

. Gray, Erin, and Arjuna Srinidhi. “Watershed Development in India: Economic valuation

and adaptation considerations.” World Resources Institute, December, http://www.wri.
org/sites/default/files/wsd_in_india_0.Pdf (2013).

10. Batchelor, C. H., Rama Mohan Rao, and S. Manohar Rao. “Watershed development: A

solution to water shortages in semi-arid India or part of the problem.” Land Use and
Water Resources Research 3.1 (2003): 1-10.

11. Woolley, John T., and Michale Vincent McGinnis. ‘The politics of watershed

policymaking’. Policy Studies Journal 27.3 (1999): 578-594.

12. Blomquist, William, and Edella Schlager. ‘Political pitfalls of integrated watershed

management’. Society and Natural Resources 18.2 (2005): 101-117.

13. “Revival of festivals linked with trees is essential to save plants”. Link: http://www.

science20.com/humboldt_fellow_and_ science/blog/revival_ festivals_ linked_ trees__
essential_save_ plants

L=



14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

25,
26.

27.

28.

29.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

“Danube River’s Morphology And Revitalization”, Link: http://www.danubeparks.org/
files/855_ DanubeRiverMorphologyRevitalization.pdf

Link: http://www.dof.virginia.gov/manage/riparian/introduction.htm

United States Department of Agriculture Farm Service Agency (FSA) Link: https://www.
fsa.usda.gov/programs-and-services/conservation-programs/

“Guide to Streamside Management Zone Law and Rules”, Link: http://dnrc.mt.gov/
divisions/forestry/docs/assistance/practices/smzfullcopy.pdf

Avril, L., and Paul K. Barten. Land use effects on streamflow and water quality in the
northeastern United States. CRC Press, 2007; page 183

“Brazil - Ecosystem Restoration of Riparian Forests in Sao Paulo” - Link: http://
projects.worldbank.org/P088009/brazil-ecosystem-restoration-riparian-forests-sao-
paulo?lang=en

Mollison, Bill. “Trees and their energy transactions.” The Overstory Book: Cultivating
Connections with Trees (2004): 412. Chapter 6:- Trees and their energy transactions

ibid.
“Why India’s Monsoons Are Changing Rapidly”, 03, September 2017, NDTV,

Link: http://www.ndtv.com/india-news/why-indias-monsoons-are-changing-
rapidly-1745445

Kumar, Vijay, Sharad K. Jain, and Yatveer Singh. “Analysis of long-term rainfall trends
in India.” Hydrological Sciences Journal-Journal des Sciences Hydrologiques 55.4
(2010): 484-496.

The compression of wind blowing at a forest edge produces more water vapour which,
in turn, cools the ascending air. This phenomenon is referred to as an “Ekman Spiral”.

Mollison op. cit.

Khain A.P., 2009. ‘Notes on state of art investigations of aerosol effects on
precipitation: A critical review’. Environmental Research Letters, 4:150004

Sheil D., 2014. ‘How plants water our planet: advances and imperatives’. Trends in
Plant Science, 19: Pp 209-211

Pohlker, Christopher, et al. “Biogenic potassium salt particles as seeds for secondary
organic aerosol in the Amazon.” Science 337.6098 (2012): 1075-1078.

Van der Ent R.]., Savenije H.H., Schaefli B., and Steele-Dunne S.C. 2010. ‘Origin and
fate of atmospheric moisture over continents’. Water Resources Research, 46.

~=29 29



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

30.

31.

32.

33.
34.
35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

Jasechko s., Sharp Z.D., Gibson J.J., Birks S.]., Yi Y., Fawcett P.]., 2013. ‘Terrestrial
water fluxes dominated by transpiration’. Nature. 496: Pp 347-350.

Rodriguez-Martinez, J. and Santiago, M., 2017. ‘The effects of forest cover on base flow
of streams in the mountainous interior of Puerto Rico, 2010’, US Geological Survey.

“Ground Water and River Flow”, American Ground Water Trust, https://agwt.org/
content/groundwater-and-river-flow

Ibid.
Callum Coats; Living Energies

Kathy R. Chandler, Nick A. Chappell. 2008. ‘Influence of individual oak (Quercus robur)
trees on saturated hydraulic conductivity’. Forest Ecology and Management. 256 (5),
1222-1229,

Greenway, Margaret, and Bill Lucas. ‘Improved media and plant species for long term
sustainability of nutrient retention in bioretention systems’. STORMWATER 2010,
Stormwater Industry Association National Conference. 2010.

Breen, P., Denman, L., May, P. & Leinster, S. 2004, ‘Street trees as stormwater
treatment measures’, In 2004 International Conference on Water Sensitive Urban
Design — Cities as catchments 21-25 November 2004, 21-25 November 2004, Adelaide.

Bartens et al. ‘Can Urban Tree Roots Improve Infiltration through Compacted Subsoils
for Stormwater Management?’ Journal of Environmental Quality, 2008; 37 (6): 2048.

Koichiro, K., Yuri, T., and Isami, K., 2001. ‘Generation of streamflow volume and
chemistry in a mature Japanese cypress forest’: Hydrological Processes, 15, 1967-1978.

Johnson, M.S., and Lehmann, J., 2006, ‘Double-funneling of trees-Stemflow and root-
induced preferential flow’: Ecoscience, 13, (3), 324-333.

ibid

‘The Role of Trees and Forests in Healthy Watersheds’, August 2017, Penn State
Extension - Link: https://extension.psu.edu/the-role-of-trees-and-forests-in-
healthy-watersheds

Holubik, Ondfej, et al. “Effect of agricultural lands afforestation and tree species
composition on the soil reaction, total organic carbon and nitrogen content in the
uppermost mineral soil profile.” Soil and Water Research 9.4 (2014): 192-200.

Sauer, Thomas J., et al. “Soil properties following reforestation or afforestation of
marginal cropland.” Plant and Soil, 360.1-2 (2012): 375-390.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Carbon Farming is simply farming in a way that reduces Greenhouse Gas emissions or
captures and holds carbon in vegetation and soils. It is managing land, water, plants
and animals to meet the Triple Challenge of Landscape Restoration, Climate Change
and Food Security. Link: https://www.carbonfarmersofaustralia.com.au/carbon-
farming/

Toensmeier, Eric. The carbon farming solution: A global toolkit of perennial crops and
regenerative agriculture practices for climate change mitigation and food security.
Chelsea Green Publishing, 2016.

Ibid.

Pg. 292, Bjornlund, Henning. ‘Sustainable Irrigation and Drainage’ IV: Management,
Technologies and Policies. Vol. 168. WIT Press, 2012.

Drip Irrigation, Food and Agriculture Organization. Link: http://www.fao.org/docrep/
$s8684e/s8684e07.htm

‘National perspectives for water resources development’, National Water Development
Authority. Link: http://www.nwda.gov.in/writereaddata/linkimages/2175421921.pdf

ibid.

Economic Impact of Interlinking Rivers Programme, National Council for Applied
Economic Research, New Delhi, 2008.

These arguments are based on a personal communication from Dr. Jagdish
Krishnaswamy and Dr. Veena Srinivasan

Nachiket Kelkar: River Fisheries of the Gangetic Basin, India: A Primer; http://sandrp.
in/DRP_ April_June2014.pdf

Handbook on fisheries statistics, 2014, Department of Agriculture, Government of
India http://www.indiaenvironmentportal.org.in/files/file/handbook%200n%20
fisheries%20statistics%202014.pdf

=_~=29



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

242

ENDNOTES - CHAPTER 3

N oow

10.

11.

12.

13.

14.

15.
16.

Dr.G.Nammalvar is an agricultural scientist who became a legend in Tamil Nadu and
considered a father of the organic movement and a father figure to millions of farmers
in Tamil Nadu.

Madhya Pradesh government scheme on Tree plantation,
NijhbhoomiVriksharopanYojana

Link: http://mpforest.gov.in/img/files/Scheme_ R%26E.pdf

Coats, Callum. “Living energies: an exposition of concepts related to the theories of
Viktor Schauberger.” Living energies: an exposition of concepts related to the theories
of Viktor Schauberger.. Gateway Books, 1996.

Chavan, S. B., et al. “National Agroforestry Policy in India: a low hanging
fruit.” Current Science 108.10 (2015): 1826.

ibid.

Annexure 12

ibid.

ibid.

Madhya Pradesh government scheme on Tree plantation,

NijhbhoomiVriksharopanYojanaLink: http://mpforest.gov.in/img/files/
Scheme_ R%26E.pdf

3 Lakh Dead In 20 Years. Here’s How World’s Largest Democracy Failed Its Farmers!
April 2016, Link: http://www.indiatimes.com/news/amid-drought-running-riot-and-
farmers-committing-suicides-government-plays-spectator-253269.html

Department of Agriculture and Cooperation. 2014. Agriculture Statistics at a Glance
2014. Survey, Ministry of Agriculture, Delhi: Oxford University Press, page 360.

ibid. page 376.

National Crime Records Bureau. 2014. “Accidental Deaths and Suicides in India.”
Survey, National Crime Records Bureau, Ministry of Home Affairs, 286-7.

Is Sustainable Agriculture Really Sustainable for Small and Marginal Farmers? -
A study of Zero Budget Natural Farming Farmers from Tamil Nadu, June 2017,
Sridhar. P, National Law School India University,

ibid.

Srinivasu, interview by Kshitij Urs. 2016. Living Soil- Can organic farming feed the
world (1 September).

L=



17.

18.

19.

20.

21.

22.

23.

24,

25.
26.

27.
28.
29.
30.

31.

32.

33.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Vision 2030, Indian Institute of Soil Science, 2011, Link: http://www.iiss.nic.in/vision/
vision2030.pdf

Bhattacharyya, Ranjan, et al. “Soil degradation in India: Challenges and potential
solutions.” Sustainability 7.4 (2015): 3528-3570.

Vision 2030, Indian Institute of Soil Science, 2011, Link: http://www.iiss.nic.in/vision/
vision2030.pdf

Ministry of Statistics and Programme Implementation Link: http://mospi.nic.in/data

Why don’t Indian farmers grow more fruits and vegetables? IFMR Trust, Link: http://
www.ifmr.co.in/blog/2013/01/30/why-dont-indian-farmers-grow-more-fruits-and-
vegetables/

Process Guidelines for promotion of Farmer Producer Organisations, SFAC,
Department of Agriculture, Gol

Policy Process and guideline for Farmer Producer Organizations, Department of
Agriculture, Ministry of Agriculture, Government of India

Average agricultural household income from NSSO 70th round in Jan-June 2013;
http://mospi.nic.in/sites/default/files/publication_ reports/Report_569_ 4deci5_1.pdf

ibid

Safe food is food that is produced without use of pesticides. Chemical fertilizers may or
may not be used in the process.

Safe Harvest, Link: https://yourstory.com/2017/02/safe-harvest/
Interaction with agri-business representatives from Tamil Nadu, 30th August 2017
Geographical Indications Link: http://www.wipo.int/geo_ indications/en/

India Wastes INR 133 Billion of Fruits and Vegetables Annually Due to Inadequate Cold
Chain, Emerson Report Highlights Link: https://goo.gl/rN1JN6

Jha SN, Vishwakarma RK, Ahmad T, Rai A and Dixit AK (2015). Report on assessment of
quantitative harvest and post-harvest losses of major crops and commodities in India.
ICAR - All India Coordinated Research Project on Post-Harvest Technology, ICAR-
CIPHET, Ludhiana

Estimation Loss of Horticulture Produce due to Non-availability of Post Harvest& Food
Processing Facilities in Bihar & UP, Socio-Economic Research, Planning Commission,
Government of India, ASET New Delhi

Excess tomato production leaves Tamil Nadu farmers disappointed Link: https://goo.
gl/3N71PX

_~=29 4



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Horticulture / Plantation Insurance, Link: http://www.newindia.co.in/Content.
aspx?pageid=1176

Chadha, K.L., A.K.Singh, and W.S.Dhillon, 2013.Horticulture for food, nutrition and
environment security.Westville Publishing House, New Delhi.pp 644.

Singh,H.P. 2014. Dynamics of horticulture education,research and development in
historical perspective- A way forward.International Journal of Innovative Horticulture,
Vol.3: pp 81-109

Dinesh, M.R., 2017. In his preface of Souvennir on “Farmers’- Friendly Technologies”.
Regional Horticultural Fair,held on 15-19th January, 2017at ICAR-. Indian Institute of
Horticultural Research, Bengaluru.

Singh,H.P. 2014. Dynamics of horticulture education,research and development in
historical perspective- A way forward.International Journal of Innovative Horticulture,
Vol.3: pp 81-109

Singh,H.P. (2015). ‘Strategic approach for horticulture research, education and
development- Way forward’. In Silver Jubilee Symposium held on 26-27th Dec, 2015 at
NAASc Complex, New Delhi.

Singh,H.P. (2015). ‘Strategic approach for horticulture research, education and
development- Way forward’. In Silver Jubilee Symposium held on 26-27th Dec, 2015 at
NAASc Complex, New Delhi.

Bera, S. (2016). “Is horticulture Indian farming’s bright spot?” LiveMint, 10 February
2016, http://www.livemint.com/Politics/ieblbF2ISBwoUsCH0ZdHUK/Is-horticulture-
the-bright-spot.html, accessed on 3.7.2017

Planning Commission (2012). Report of the Planning Commission Working Group on
Horticulture & Plantation Crops for the 12th Five Year Plan. New Delhi

Planning Commission (2012). Report of the Planning Commission Working Group on
Horticulture & Plantation Crops for the 12th Five Year Plan. New Delhi

ibid

Chand, S. Ramesh (undated). "Market Liberalisation for Horticulture Revolution
at Small Farms’, NITI Aayog, http://niti.gov.in/content/market-liberalization-
horticulture-revolution-small-farms, accessed on 3/7/2017

Chowdappa, P., J.George, H.Murali Krishna and M.K.Rajesh. 2016.CPCRI : 100 years
of Scientific Excellence. ICAR-Central Plantation Crops Research Institute ( CPCRI),
Kasargod, p.150

24 Qe



47.

48.

49.

50.

51.

52.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Saroj, P.L., 2017. ‘Farmer-friendly technologies in Horticulture for semi-arid and arid
regions’. In Souvenir on “Farmers’- Friendly Technologies”. Regional Horticultural
Fair, held on 15-19th January, 2017 at ICAR- Indian Institute of Horticultural Research,
Bengaluru. p.97-104.

Chavan et al. (2015); http://baifwadi.org/index.php/field-reports/98-livestockincome-
through-wadi; and http://baifwadi.org/index.php/field-reports/96-incomegeneration-
activities-of-women-shgs. Accessed on 1 September, 2017.

TNAU Agritech Portal - Organic Farming; http://agritech.tnau.ac.in/org_ farm/
orgfarm_ index.html

Average agricultural household income from NSSO 70th round in Jan-June 2013; http://
mospi.nic.in/sites/default/files/publication_ reports/Report_ 569 _ 4deci5_1.pdf

National forest cover target: Link: http://www.philica.com/display_ article.
php?article_id=132, http://naeb.nic.in/Reports/str_ 33_ ftc.pdf

Forest cover as in 2015 from the ‘India State of Forest Report 2015 (ISFR 2015),
Government of India



K"\@ Revitalization of Rivers In India Draft Policy Recommendation

246

ENDNOTES - CHAPTER 4

10.

11.

12.

‘Evaluation of Central Pollution Control Board’, Report submitted to Ministry of
Environment & Forests, Indian Institute of Management, Lucknow, February 2010;
http://cpcb.nic.in/IIMLKko.pdf

Lok Sabha unstarred question number 4251, on illegal sand mining, answered on 11th
August 2016 by the Minister of State for Mines. http://mines.nic.in/writereaddata/
UploadFile/lu4251.pdf

Smakhtin, V.; Anputhas, M. 2006. An assessment of environmental flow requirements
of Indian river basins. Colombo, Sri Lanka: International Water Management Institute.
42p. (IWMI Research Report 107)

Sharad K. Jain, “Assessment of environmental flow requirements for hydropower
projects in India”, Current Science, Vol. 108, No. 10, 25 May 2015. http://www.
currentscience.ac.in/Volumes/108/10/1815.pdf

For example, in Varanasi (50 MLD) and Haridwar (82 MLD) they follow a Hybrid
Annuity Model, and in Nagpur (200 MLD), an Annuity Model.

For example, the Goa (Regulation of Land Development and Building Construction)
Act, 2008 was amended to include mandatory setting up STPs within their premises
for residential complexes with 50 and more flats/residential units in areas not served
by existing sewer lines. The Karnataka State Pollution Control Board (KSPCB) issued
an order in 2004 that mandated Zero-Liquid-Discharge (ZLD) for buildings with either
more than 50 residential units or a built-up area of more than 5,000 sqm in un-
sewered areas. The order required installation of on-site sewage treatment plants and
reuse of 100% of the treated water.

‘Indian case study on ZLD - The Tirupur textile cluster experience’, Sajid Husain, Chief
Operating Officer, Tamil Nadu Water Investment Company Limited, 28 January 2014;
http://gpcb.gov.in/images/pdf/ZLD_PRESENTATION_ 11.PDF

‘Ministry of Agriculture & Farmers Welfare and Ministry of Water Resources, River
Development and Ganga Rejuvenation Signed a MoU to Promote Organic Farming on
the Banks of River Ganga’, Press Information Bureau, Government of India, Ministry of
Agriculture, http://pib.nic.in/newsite/PrintRelease.aspx?relid=149856

Ministry of Environment, Forest and Climate Change (2016). Sustainable Sand Mining
Management Guidelines 2016

“Narmada declared a ‘living entity’”. Link: https://goo.gl/wRas]C

‘About the WSR Act, National Wild and Scenic Rivers System’, https://www.rivers.gov/
wsr-act.php

ibid.

L=



13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

Revitalization of Rivers In India  Draft Policy Recommendation K"W

Dandekar, Parineeta (2010).‘The other side of the story: Free-flowing rivers around
the world’, Dams, Rivers & People, Volume 8, Issue 5-6, June-July 2010; South
Asia Network for Dams, Rivers and People; http://sandrp.in/dams/drp/DRP_ June__
July_2010.pdf

Vision of Canadian Heritage River System Charter, 1997; cited in Dandekar op. cit.
Dandekar, 2010, op. cit.

ibid.
http://www.australia.gov.au/about-australia/australian-story/australias-wild-rivers;

http://www.environment.gov.au/node/20156; http://www.environment.gov.au/
node/20158

“Guide to Streamside Management Zone Law and Rules”, Link: http://dnrc.mt.gov/
divisions/forestry/docs/assistance/practices/smzfullcopy.pdf

http://www.moef.gov.in/sites/default/files/Impact%20Assessment%20-%20River%20
Valley.pdf

“Global investors keen on doing business in Maharashtra: Fadnavis”. Link: https://
goo.gl/dtPMoa

“MoEF proposed River Regulation notification non-implementable”. Link: https://
goo.gl/ccLuDp

Krishnan, P., Ramakrishnan, R., Saigal, S., Nagar, S., Faizi, S., Panwar, H.S., Singh,
S. and Ved, N. (2012). Conservation Across Landscapes: India’s Approaches to
Biodiversity Governance. United Nations Development Programme, New Delhi, India.

‘Guidelines for Declaration of Eco-Sensitive Zones around National Parks and Wildlife
Sanctuaries’, Ministry of Environment and Forests, Government of India, 2011.

River Boards Act 1956, http://lawmin.nic.in/1d/P-ACT/1956/A1956-49.pdf

‘Make in India in food processing sector’, Link: http://www.nuffoodsspectrum.in/
inner_ view_single_ details_ print.php?page=1&content_ type=&vrtcl_panel_nm=&ele__
id=NOR_ 56ea4f6d43d534.03730344

The Hindu Business Line. “Centre eyes ‘rolling’ spending targets, outcome-based
Budget from 2017-18.” The Hindu, July 29, 2016

=~=29 a7



248



Appendices




iSL\G Revitalization of Rivers In India Draft Policy Recommendation

APPENDIXT

DR.S. MANOHARAN, DEPUTY DIRECTOR, DEPARTMENT OF AGRICULTURE, TAMIL NADU

- Fixed Cost (Rs) Variable Cost (Rs)

Guava

Mango

Sapota

Amla
(Gooseberry)

Pomegranate

Ber (for Dry
lands)

Seedling per
acre

300-350 @
Rs, 70 per
plant

300-350 @
Rs, 60 per
plant

120 @ Rs, 60
per plant

450 @50 per
plant

700@30 per
plant

190 @50 per
plant

Seedling

23,000

20,000

7,800

22,500

21,000

19,500

Field
preparation

5,000

5,000

5,000

5,000

5,000

5,000

Drip
irrigation

15,000

15,000

10,000

15,000

17,000

10,000

Manures

10,000

10,000

10,000

10,000

10,000

10,000

Variable cost given to the maximum and may be reduced depending upon the
availability of family labour.
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Labour

50,000

50,000

50,000

50,000

50,000

50,000

Plant
protection

5,000

5,000

5,000

5,000

5,000

5,000



Revitalization of Rivers In India Draft Policy Recommendation iSL‘G

ECONOMICS OF VARIOUS FRUIT CROPS

Total (Rs)

108,000

105,000

87,800

107,500

108,000

99,500

Standard
yield after

Av.yield
tons /year

12

15

10

12

Price/
kg (Rs)

25

15

15

30

40

15

Income
(Rs)

300,000

225,000

120,000

300,000

480,000

75,000

Rainfall Soil
mm pH
600-700 6-8.2
500-600 6-7.8
500-600 6-8.8
400-500 6-8.8
600-700 6.7.5
400-500 6-8.0
Annexures

Water
EC

<1.5

<1.0

<2.0

<2.0

<1.0

<1.0
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APPENDIX 2

PROJECT GREEN HANDS, COIMBATORE, TAMIL NADU

No Crops No of Sapling | Establishment | Maintenance |Harvesting [Protection
per Acre Cost (Rs) Cost (Rs) Cost (Rs) Cost (Rs)

1 Mango 80 10,000 20,000 10,000 40,000
2 Guava 160 17,600 20,000 40,000 77,600
A Lemon 168 26,000 30,000 30,000 86,000
5 Sapota 70 10,000 20,000 30,000 60,000
6 Gooseberry 190 11,400 20,000 40,000 71,400
7 Arecanut 800 24,000 35,000 * 59,000
8 Coconut 75 11,000 20,000 * 31,000
Notes: * Tender 75 26000 25000 51000
Harvesting ¥dH¥'by buyer
Crops Yield per Protection Income | Net Income

Acre Cost (Rs) (Rs) (Rs)
Paddy/ short 1500 kg 30,000 53,000 23,000
Paddy/ Long 2000 kg 32,000 71,000 39,000
Banana 800 nos 35,000 200,000 165,000
Turmeric 2000 kg 125,000 160,000 35,000

outern
Sugarcane 50 tons 130,000 300,000 170,000%
Sugarcane 50 tons 55,000 110,000 55,000%**
Notes:

*Sugarcane converted to jaggery in farm
** Sugarcane sold to sugar factory

Q/\_/—\\
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ECONOMICS OF VARIOUS CROPS
OF PROJECT GREEN HANDS FARMERS

First Yield Income 5th Year |Income 10th Year | Income Farm Gate
(Rs) Yield (Rs) Yield (Rs) Price (Rs)

2,000kg/4th

1,800 kg/ 2rd
year

900 kg/3rd year
7,000 kg
10,000 kg

8,000kg /4th
year

3750 no

7500 no

60,000

90,000

45,000
70,000
150,000

200,000

37,500

150000

5,000 kg

5,000 kg

6,500 kg
21,000
10,000

16,000

9000 /no

22500

150,000

250,000

325,000
210,000
150,000

400,000

90,000

450000

10,000 kg 300,000

6,000 kg 300,000

10,000 kg 500,000
28,000 280,000
15,000 225,000

20,000 500,000

10500/no 105,000

26000 520000

Annexures

30/ Kg

50 / Kg

50 / Kg
10 / Kg
15 / Kg

25 [ Kg

10 / nut

20

253



iS"V‘ Revitalization of Rivers In India Draft Policy Recommendation

APPENDIX 3

PROJECT GREEN HANDS, COIMBATORE, TAMIL NADU

Sapling Distance Establishment Drip| Maintenance | Harvesting
per Acre Cost per Acre | Irrigation [ Cost per Year | Cost per Acre
(Rs) Cost (Rs) | (Rs)
(Rs)

Teak wood 300 12 X 12 20,000 20,000 1,500 x12 By merchant

=18,000
Sandal + support 300 12 X 12 30,000 20,000 1,500 x12 by Govt
tree 100 =18,000
Red sandal 300 12 X 12 20,000 20,000 1,500 x12 by Govt

=18,000

Mahogany 300 12 X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Vengai 300 12 X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Rose wood 300 12X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Malaivembu 300 10 X 10 20,000 20,000 1,500 x12 By merchant
Timber =18,000

Malaivembu 400 10 X 10 20,000 20,000 1,500 x12 By merchant
Plywood =18,000

Malaivembu 400 10 X 10 20,000 20,000 1,500 x12 By merchant
Pulp =18,000

Perumaram 300 12 X12 10,000 no 500 x12 By merchant
irrigation =6,000

Venkadambu 400 12 X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Acacia mangium 400 10 X 10 10,000 no 500 x12 By merchant
irrigation =6,000

Kumil 300 12X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Casuarina 3200 3X3 35,000 30,000 500 x12 By merchant
=6,000

Karumaruthu 300 12 X 12 20,000 20,000 1,500 x12 By merchant
=18,000

Neem 300 12 X 12 20,000 no 500 x12 By merchant
irrigation =6,000

Poovarasu 300 12 X 12 20,000 no 500 x12 By merchant
by cuttings irrigation =6,000
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ECONOMICS OF TIMBER AND
NON-TIMBER FOREST PRODUCE

Year of Yield per Tree |Yield per Rate (Rs) Farm Gate Price Farm Gate Price

Harvest Acre per cu. Feet per Tree per Acre
per Kg (Rs) (Rs)
per Ton

20- 25 12 cu feet 3,600 cu feet per cu. Feet 18,000 5,400,000

years 1,500

30 - 35 20kg heart 6,000 kg per kg 10,500 210,000 63,000,000

years wood

25 - 30 30kg heart 9,000 kg per kg 3,000 90,000 27,000,000

years wood

15 - 20 12 cu feet 3,600 cu feet per cu. Feet 18,000 5,400,000

years 1,500

20 - 25 12 cu feet 3,600 cu feet per cu. Feet 12,000 3,600,000

years 1,000

30 - 35 12 cu feet 3,600 cu feet per cu. Feet 30,000 9,000,000

years 2,500

15 - 20 12 cu feet 3,600 cu feet per cu. Feet 900 10,800 3,240,000

years

7 - 8 years 500 kg 200 tons per ton 7,000 3500 1,400,000

4 - 5 years 250 kg 100 tons per ton 5,500 1375 550,000

5 - 6 years 150 kg 45 tons per ton 4,500 2250 675,000

5 - 6 years 150 kg 60 tons per ton 7,000 1050 420,000

5 - 6 years 150 kg 60 tons per ton 7,000 1050 420,000

10- 12 .75 tone 225 tons per ton 7,000 18,000 5,400,000

years

4 years 12.5 kg 40 tons per ton 8,000 - 320,000

20- 25 12 cu feet 3,600 cu feet per cu. Feet 18,000 5,400,000

years 1,500

20 years 12 cu feet 3,600 cu feet per cu. Feet 600 7,200 2,160,000

20 years 12 cu feet 3,600 cu feet per cu. Feet 13,200 3,960,000
1,100

Annexures
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APPENDIX 3

PROJECT GREEN HANDS, COIMBATORE, TAMIL NADU

Establishment Cost Details

S. No Item Cost (Rs)

1 Breakdown of cost per tree

(a) Sapling cost 10

(b) Manure cost 10

() Pit digging labour 15

(d) Planting cost 10
Total cost per tree 45

2 Tree Establishment Cost (Rs 45 X 400 trees / acre) 18,000

3 Ploughing Cost 2,000

4 Drip irrigation Cost 20,000
Total 40,000
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ECONOMICS OF NON-TIMBER
FOREST PRODUCE

N. MUTHUVELAYUTHAM, THE COVENANT CENTRE FOR DEVELOPMENT, MADURAI, TAMIL NADU

Botanical Year Farm Farm Gate | Bark Income |Annual
Name of Gate Price Harvest Rs /Kg [Income
Harvest | Price per Acre after 5 (Rs)
per Tree [ (Rs) Years -
(Rs) Yield / Tree
in Kg
1 Teak wood  Tectona 30 20- 25 18,000 540,000 0] 0 0
grandis years
2 Sandal Santalum 30 30 - 35 210,000 6,300,000 0 0] 0
Wood album years
3 Mahogany Swietenia 30 15 - 20 18,000 540,000 20 100 60,000
mahagoni years
4 Rose wood Dalbergia 30 30 - 35 30,000 900,000 0 0] 0]
latifolia years
5 Malai Melia dubia 30 7-8 3,500 105,000 0 0 0
Vembu years
6 Kumil Gmelina 30 10- 12 18,000 540,000 20 100 60,000
arborea years
7 Pooarasu Thespesia 30 15 - 18 20,000 600,000 15 10 4,500
populnea years
8 Neer Terminalia 30 35 - 40 50,000 1,500,000 20 100 60,000
Marudu arjuna years
9 Neem Azadirachta 30 18 - 20 10,000 300,000 6 40 7,200
indica years 15 - 4,500
10  Ashoka Saraca asoca 30 No 0 0 20 150 90,000
felling
11 Fodder Trees 100 No 0 0 0 (0] 0
felling
Total Insurance value created + Annual Income until harvest 11,325,000 286,200

Comparison of Income from Various Crops Suitable in the Flood Plain Areas

Sl.  Crop Name Farm Gate Price Avg Yield per Acre in Income Slab per acre after 5
No Rs / Kg Tons / Year after Year 5  Years (Rs, lakhs)
Paddy Rs 19 to 25 3 tons 0.57 to 0.75 Lakhs
2 Banana Rs 16 12 tons 2 Lakhs
3 Turmeric Rs 80 2 tons 1.6 Lakhs
4 Sugarcane Rs 2.2 50 tons 1.1 Lakhs

Average Income of regular cash crops commonly grown

-y

1.5 to 2.25 Lakhs
2.25 to 4.8 Lakhs

Mango Rs 15 to 30 5.0 to 15 tons

Pomegranate Rs 20 to 50 4.5 to 12 tons
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APPENDIX 4

PARTICIPANTS AT THE FOCUS GROUP DISCUSSION ON RALLY FOR RIVERS
ISHA YOGA CENTRE, 27 AUGUST 2017

- Experts Name Institution

10
11
12

13

14
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Clae

Ajay Rastogi
Ambrish Kumar IAS

Anandi Iyer
Deepak Srivatsava, IFS

Dr M. Kannan
Dr Lakshmi Lingam

Dr Rajendra Singh

Dr Saravanan
Dr Sunesh Sharma

Dr Swayamprabha Das
Dr P. Thambidurai
Dr R.M. Vijayakumar

N Muthuvelayutham

P. Narendra Babu
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Foundation for Contemplation of

Nature, Ranikhet, Uttarakhand
Government of Rajasthan

Fraunhofer-Gesellschaft India

Forest College Research Institue,

Mettupalayam

Tamil Nadu Agricultural University
Tata Institute of Social Sciences,

Mumbai

Tarun Bharat Sangh, Alwar,
Rajasthan

Himmotthan- an Associate
Organization of Tata Trusts

Amrita University, Kollam, Kerala
Tamil Nadu Agricultural University

CCD - The Covenant Centre for
Development, Madurai

Founder Director

Settlement Commisioner &
Director Land Records

Director
Dean

Head - Dept. of Floriculture
Professor

Director

Soil Scientist
Project Officer

Development Professional
Assistant Professor

Head - Dept. of Fruit Tree
Cultivation

Founder

Freelance Consultant
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Governance Expert
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PARTICIPATING EXPERTS

- Experts Name Institution

Ram Mohan Mishra IAS Govt of Meghalaya Principal Secretary
16 S.T. Patil Water and Land Management Director (Retd)
Institute (WALMI)
17 P.V.S Surya Kumar NABARD, Mumbai CGM - Business Initiatives
Department
18 S.S Vaseeharan NABARD DDM, Coimbatore
19 Vishwanath Giriraj IAS Government of Maharashtra Additional Chief Secretary
(Expenditure) - Department
of Finance
20 Praveena Sridhar Environmental Engineer and
Public Policy Professional
21 Cdr Lakshmanan Iyer =~ Anantha Naturals Pvt. Ltd., Director
(Retd ) Coimbatore
22 Rajesh Ramakrishnan  Isha Foundation Volunteer, Development
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APPENDIX 5

INTRODUCTION

The economics of a multi-tier multi crop system in horticulture is always more attractive
than horticulture mono-cropping. This will be shown in this section through calculations
for one such model — Mango-based Multi-fruit Intercrop System.

In the case of the Mango-based Multi-fruit Intercrop System, the top canopy will be
mango, followed by guava and then pomegranate. Chapter 3 has the plantation details

of this system. As can be seen from the data in succeeding paragraphs, both the payback
period and the cumulative income are far more attractive compared to monocrop of any
one of the fruit trees.

All the calculations shown are for 1-acre models for organic processes based on the Zero

Budget Natural Farming (ZBNF).

MANGO-BASED MULTI-FRUIT INTERCROP SYSTEM
COST DETAILS

No

Establishment cost ( 1st year)

A1 Sapling cost for border planting (300 Banana, 14 Jamun,152 X 8,000
timber and fodder slips )
A2 Planting material for fodder cum X 2,000
mulch trees (Agathi and Gliricidia) for
a length of 230 m along the border for
about 152 trees (3mx3m)
A3  Ploughing& Rotavator - 2 hours (2 hrs x X 600 / hr) X 1,200
A4 Soil application of (1B type x X 250) X 250
Ganajeevamirtham@400 kg/acre
A5  Sowing mulch crop (50 kg seeds x X 40 [ Kg) X 2,000
A6  Incorporation of mulch (Labourx 600 + Fuel X300 + X 1,200
Brush cutter X 300)
A7  Pit making (1 cubic feet size) for main X 2,500
field for about 400 pits
A8  Drip system instalation X 53,000
A9  Sapling cost for fruit crops (32x%80)+ (75x%50) X 23,410
+ (285 x X 60), Including
transportation cost
A10 Seedling dipping with Beejamirtham X 1,200
A11  Pit digging for border crops as per lay  (5hrs JCB @ Rs.700/hr) X 3,500
out
A12  Labour costs for planting (border + X 7,000
main field) as per lay out
Sub Total X 1,05,260
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COST-BENEFIT ANALYSIS OF MANGO-BASED
MULTI-FRUIT INTERCROP SYSTEM

No

C1

C2

C3
Cs4
C5

D1

D2

D3
D4
D5
D6

D7
D8

Notes:

Overhead expenses (@ 10%)

Total establishment cost

Rainwater Harvesting

Total rainwater harvesting costs
Maintenance costs (2nd & third year)

Weed management through power
tiller twice /year

Jeevamirtham through drip

Spraying of growth promoters
Plant protection sprays

Supplemental mulching, Harvesting
pomegranate and guava - labour costs

Total maintenance costs
(2nd & 3rd year)

Maintenance costs (after three years
with increased labour costs)

Pruning costs

Weed management through power
tiller once /year

Jeevamirtham through drip -12 times
Spraying of growth poromoters
Plant protection sprays

Supplemental Mulching (sowing and
incorporation)

Harvesting (10 A types 20 B types)

Additional labour for earthing up,
mulching and maintenance

Total maintenance costs
(after 3 years)

Labour cost + Maintenance
- 12 times

(6 sprays - @ X 400 / spray)
(2 sprays - @ X 400 / spray)

@ X 25 /tree for 400 trees,
once in 2 years

Labour cost + Maintenance
(8 sprays -@ X 600 / spray)
(4 sprays - @ X 600 / spray)

X 10,526
X 1,15,786

10,000

X 2,400
X 3,600

% 2,400
% 800
% 7,000

16,200

% 5,000
%1,500

% 2,000
% 4,800
% 2,400
% 2,200

% 11,000
% 4,000

32,900

Cost of cultivating annual vegetable intercrops during first two years not included.
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LOSS OF INTEREST ON INVESTMENT

Loss of Interest on Investment (Without subsidising cost on drip system)

Year Estimated Interest / Cumulative Interest on  Total Cost Cumulative Cost
Cost with Year (Rs) Interest (Rs) Cumulative

Drip (Rs) Interest (Rs) (RS) (Rs)
1 %1,15,786 ¥ 8,105 % 8,105 To0 ¥1,23,801 % 1,23,891
2 16,200 1,134 % 9,239 ¥567 17,901 % 1,41,792
3 16,200 1,134 10,373 T647  T17,981 %1,59,773
A 32,900 ¥2,303 12,676 726 ¥35,929 % 1,95,702
5 32,000 2,303 T 14,979 ¥ 887 36,090 T 2,31,793

Loss of Interest on Investment (After subsidising cost on drip system)

Year Estimated Cost Interest/ Cumulative Intereston Total Cumulative
with Subsidy Year (Rs) Interest (Rs) Cumulative Cost Cost (Rs)
on Drip (Rs) Interest (Rs) (Rs)
1 X 62,786 X 4,395 X 4,395 o0 67,81 X 64,071
2 16,200 X 1,134 X 5,529 X308 17,642 X 81,713
3 16,200 31,134 6,663 387 17,721 X 99,434
4 X 32,900 2,303 X 8,966 466 35,669 % 1,35,103
5 X 32,900 32,303 311,269 3628 35,831 X1,70,934

RETURNS CALCULATIONS

Returns from ZBNF Mango (Intercropped at 10.8 x10.8 m spacing; 32 trees /acre)

Age Yield / plant Yield / Acre Returns Cumulative Returns / Tree
(Years) (Kg) (Kg) (Rs) Returns (Rs) (Rs)

4 10 320 39,600 9,600 X 300
5 20 640 X 21,120 X 30,720 X 660
6 30 960 X 34,560 X 65,280 31,080
7 50 1600 X 64,000 X1,29,280 X 2,000
8 60 1920 X 86,400 X 2,15,680 X 2,700
9 80 2560 X 1,28,000 X 3,43,680 X 4,000
10 100 3200 X1,76,000 X 5,19,680 X 5,500
Notes:

1. Sale price estimated as X 30 / Kg in 1st year of yield
2. An increase is assumed in procurement cost every year

Q/\_/‘\\
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COST-BENEFIT ANALYSIS OF MANGO-BASED
MULTI-FRUIT INTERCROP SYSTEM

Returns from Guava (Intercropped at 75 plants /acre)

Age
(Years)

1

U1 &~ W N

Notes:

1. Sale price estimated as X 8 / Kg in 1st year

Yield / plant
(Kg)

5

20
40
60
70
80

Yield / Acre
(Kg)

375

1500
3000
4500
5250
6000

Returns
(Rs)

% 3,000
% 12,000
% 27,000
X 45,000
% 57,750
% 72,000

2. An increase is assumed in procurement cost every year

Cumulative Returns / Tree

Returns (Rs)
X 9,600

X 21,600

X 48,600

% 93,600

% 1,51,350

X 2,23,350

Returns from Pomegranate (Intercropped at 285 plants /acre)

(Rs)

X 40
X160
X 360
X 600
X770
X 960

Age
(Years)

1

N U1 NN W N

Notes:

1. Sale price estimated as X 40 / Kg in 1st year

Yield / plant
(Kg)
0

Yield / Acre
(Kg)

0

285

1140

2280

2850

3420

Returns
(Rs)

o0

% 12,540

% 51,300
% 1,07,160
% 1,42,500
% 1,88,100

2. An increase is assumed in procurement cost every year

Cumulative Returns / Tree

Returns (Rs)
o

X 12,540

X 63,840

% 1,71,000

X 3,13,500

X 5,01,600

Annexures
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X 44
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COST-BENEFIT COMPARISON

Cost-Benefit Analysis from Mango Based Multi Fruit Intercrop System (Rs)

Cumulative Costs

Year Mango Guava Pomegranate Total ggtmu;lrlle;tﬂ:ve With Drip Without
Drip

1 0 3,000 X0 X 3,000 X 3,000 ¥1,23,801 X 64,071

2 0 12,000 12,540 X 24,540 27,540 X1,41,792 X 81,713

3 0 27,000 ¥51,300 78,300 X1,05,840 X1,59,773 X 99,434

A 9,600 X 45,000 X1,07,160 X1,61,760 X 2,67,600 X1,95,702 < 1,35,103

5 21,120 X 57,750 31,42,500 X2,21,370 X 4,88,970 X 2,31,793 X1,70,934

6 X 34,560 < 72,000 X 1,88,100 X2,94,660 X7,83,630

7 X 64,000 < 72,000 X1,88,100 X2,94,660

8 X 86,400

9 X1,28,000

10 X1,76,000

Cumulative 35,19,680 X2,88,750 X 5,01,600 X 7,83,630

returns per (in 10 (in6 (in 6 years) (in 6
crop years) years) years)
Notes: *

1. Returns from timber and fodder crops are not included

2. Returns of cultivating annual vegetable intercrops during first two years not included

3. Returns from yield from fruit trees along border is also not included

4. Breakeven is obtained in the 4th Year itself. Additional income from Sl. 1, 2, 3 above is not
factored here.

5. Cumulative returns obtainable under monoculture of mango crop in 10th year is surpassed in
7th year itself under intercrop system
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COST-BENEFIT ANALYSIS OF MANGO-BASED
MULTI-FRUIT INTERCROP SYSTEM

(ONLY) MANGO 1-ACRE MODEL CALCULATIONS:

COST DETAILS

Cost(ZRs)

A1

A2
A3

A5

A6

A7
A8
A9

A10

C1

C2

C3

Cs4
C5

Establishment cost (1st Year)

Raising fodder (Agathi, Subabul) and
mulch trees (Gliricidia) for length

of 250 m along the border 100 trees
(3mx3m)

Ploughing & Rotovator - 2 hours

Soil application of Ganajeevamirtham
@ 400 kg/acre

Sowing mulch crop
Incorporation of mulch

Pit making

Drip system instalation

Sapling cost

Seedling dipping in Beejamirtham
Sub Total

Overhead expenses (@ 10%)

Total establishment cost
Rainwater Harvesting

Total rainwater harvesting costs
Maintenance Costs (2nd & 3rd Year)

Weed management through power
tiller twice /year

Jeevamirtham through drip

Spraying of growth poromoters
Plant protection sprays
Supplemental Mulching

Total maintenance costs
(2nd & 3rd year)

X 2,000
(2 hrs x X 600 / hr) 1,200
(1 B type x X 250) X 250
(50 kg seeds x X 40 | Kg) X 2,000
(Labour X 600 + Fuel X 300 + X 1,200
Brush cutter X 300)
(1 cubic feet size) @ 10x10m X 1,200
spacing - 50 pits - JCB
X 45,000
(50 Nos x X 80 per sapling ) X 4,000
X 200
X 57,050
X 5,705
62,755
10,000
X 2,400
Labpur cost + Maintenance - X 2,400
12 times
(6 sprays -@ X 200/ spray) X 1,200
(2 sprays - @ X 300/ spray) X 600
X 2,000
8,600
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Maintenance Costs (After three years
with increased labour costs)

D1 Pruning costs X 25/tree for 50 trees/ once in 31,250
2 years
D2 Weed management through power X 2,000
tiller twice /year
D3 Jeevamirtham through drip Labour cost + maintenance - X 3,000
12 times
D4 Spraying of growth poromoters (6 sprays -@ X 250/ spray) X 1,500
D5 Plant protection sprays (2 sprays - @ X 300/ spray) X 800
D6 Supplemental Mulching (sowing and X 2,200
incorporation)
D7 Harvesting (2 A type + 3 B types) 31,900
D8 Additional labour for earthing up, X 3,000
mulching and maintenance
Total maintenance costs 15,650
(after 3 years)
Grand total 97,005

RETURNS CALCULATIONS

Returns for Monoculture of Mango

Age Yield (Kg/ Yield / Returns (Rs)* Cumulative Return Annual
(Year) Tree) Acre (Rs) Returns / Tree
(Rs)

A 10 500 % 15,000 % 15,000 X300
5 20 1,000 X 33,000 X 48,000 X660
6 30 1,500 X 54,000 % 1,02,000 1,080
7 50 2,500 X1,00,000 % 2,02,000 X 2,000
8 60 3,000 X 1,35,000 X 3,37,000 X 2,700
9 80 4,000 X 2,00,000 X 5,37,000 X 4,000
10 100 5,000 X 2,75,000 X 8,12,000 % 5,500
Notes: *

1. Sale price estimated as 330 / Kg
2. 10% increase in procurement price every year assumed
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COST-BENEFIT ANALYSIS OF MANGO-BASED
MULTI-FRUIT INTERCROP SYSTEM

COST-BENEFIT COMPARISON

Costs-Benefit Comparison (Rs)

Estima_ted Interest Cumulative Interest on Total Cumulative  Cumulative
Year Co_st with | Year i () Cumulative  Cost Cost Returns

Drip (Rs) (Rs) Interest (Rs) (Rs) (Rs) (Rs)
1 62,755 X 4,393 X 4,393 0 67,148 X 67,148 T o*
2 8,600 X602 X 4,995 350 9,552 X 76,699 X 0*
3 ¥8,600 X602 X 5,597 X392 9,594 X 86,293 X 0*
4 15,650 1,096 X 6,602 X468 17,214 % 1,03,507 % 15,000
5 15,650 1,096 X7,788 X545 17,291 %1,20,798 X 48,000
6 17,000 <X1,190 X 8,978 X628 18,818 X1,39,616 X1,02,000
7 17,000 %1,190 X 10,168 712 18,902
8 17,000 %1,190 X 11,358 X795 18,985 %1,77,503 X 3,37,000
9 18,700 1,309 312,667 X 887 X20,896 198,399 X5,37,000
10 18,700 1,309 % 13,976 X978 20,987 ¥2,19,386 X 8,12,000

Breakeven point: 7th year

Note:
Returns start after year 4.
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YIELD & RETURNS CALCULATIONS FOR
OTHER MONOCULTURE PLANTATIONS:

GUAVA MONOCULTURE

(as pure crop system; 172 plants / acre)

Year Yield / Plant (Kg) Yield / Acre (Kg) Returns (Rs) ?}gt;lrns [ Tree

S

1 5 860 % 6,880 % 40
2 20 3440 X 27,520 X160
3 40 6880 X 61,920 X 360
A 60 10320 %1,03,200 X 600
5 70 12040 31,32,440 X770
6 80 13760 X1,65,120 X 960

X 4,97,080
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COST-BENEFIT ANALYSIS OF MANGO-BASED
MULTI-FRUIT INTERCROP SYSTEM

POMEGRANATE MONOCULTURE

Returns from Pomegranate
(as pure crop system; 450 plants / acre)

Year Yield / Plant (Kg) Yield / Acre (Kg) Returns (Rs) ](R;t;lrns | Tree
S
1 0 0 0 0
2 1.5 675 X 29,700 X 66
3 A 1800 X 81,000 3180
4 8 3600 31,69,200 3376
5 10 4500 X 2,25,000 X 500
6 12 5400 % 2,97,000 X660
X 8,01,900
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GENERATION OF AWARENESS THROUGH COMMUNICATION AND MOBILISATION

Farmers
1 Farm/ Village level visits by technical experts Cost per personnel *
No. of personnel
2 Farmers’ visits to ‘model’ projects Cost of travel per person *
No. of persons
3 Helpline. Cost of training existing
(Government schemes have dedicated helplines. No personnel + hiring more
additional set up cost. Cost of training personnel to personnel

develop expertise on organic, chemical free, tree based
farming and expanding staff.)

Community dependent on forests

4 Engagement through Gram Sabha Meeting and Cost of Gram Sabha
attending to concerns. meetings

Consumers

5 Marketing Campaign for organic produce. Cost of Campaign

Costs include: Cost of campaign design, Campaign
production and airtime costs across media, for
sustained time period.

Government Departments

6 Interdepartmental coordination between Cost of project digitisation,
ministry of agriculture, water and forests. training and regular
This may require regular meetings. meetings.

Coordination across state governments

in case of inter state rivers. This requires

meetings and online sharing of project status.
Training of personnel and decision making staff on the
organic, chemical free ecosystem and biodiversity.

Industries

7 Calling for, encouraging business models developed Cost of campaign
around value addition to organically harvested addressed to industries.
horticulture produce. Costs include: signalling of Cost of consultation with

government interest in the sector through campaigns industries.
and statements by departmental heads.

Q/‘\/\\
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INDICATIVE BUDGET FRAMEWORK

Intermediate Outcomes

Educate farmers on feasibility of tree based, organic Increased confidence of farmers
and chemical free farming in their geography

Helps farmers learn by seeing Increased confidence of farmers

Answers follow up questions, eases transition and  Increased confidence of farmers
increases farmers’ acceptance of the idea.

Gathers traditional knowledge on what trees are Increased acceptance for the idea by forest
best suited to the region and traditional lifestyles, = dwellers. Gaining traditional expertise and
consultative, democratic plan for afforestation. participation from forest dwellers.
Educates consumers on the benefits of organic Demand Creation.

fruits. Creates a willingness to pay for organic fruits

Creates cohesive understading of project within Reduces implementation gaps.
state government. Creates inter state corrdination.

Creates an ecosystem where the needs of industry  Creation of demand for organic horticulture
is aligned with the farmers produce, thereby produce. Boosts ‘Make in India’. Provides
eliminating a mismatch of industrial demand and support to doubling farm incomes by 2020.

supply.

)
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AFFORESTATION

Afforestation: the sub program of afforestation contains afforesting in all three kinds of land: public
owned land with no forest dwellers, land owned by forest dependent communities and land owned
by farmers. The nature of pre plantation costs costs remains the same across three heads and they

will have to be adjusted to local conditions to arrive at precise numbers. However the total operative
costs vary across three kinds of land as farmers need to be compensated for the loss of income during

gestation period and similar effects may be faced by forest dwellers as well.

272

Pre Plantation Phase (0-1 year)

Clae

Growing and Procuring Quality Plantation Material (QPM)

1

Annexures

Nursery. Costs include:

Cost of land. Estimates suggest
11,500 acres of land for the 1000
km length of river project. A
major portion of this can come
from private sector, if the

government can buy saplings and
not grow all of the required QPM.

Research and Development on
indigenous and locally relevant
varieties. Existing agricultural
institutions can be leveraged
through expansion of staff and
increase in grant funds.
Pitting. Cost per acre: Rs 6,000

Manuring. Cost per acre:

Rs 4,000

Land treatment. Cost per acre:
Rs 15,000

Accreditation of nurseries and
their produce.

Cost include: Expansion of
National Horticulture Board’s
voluntary Recognition of
Horticulture Nurseries.

Size of land parcel x Cost of land

Funding to Agrarian Research
Institutes.

Rs 6,000 x No. of acres
Rs 4,000 x No. of acres
Rs 15,000 x No. of acres

Cost of expansion and
strengthening of Recognition of
Horticulture Nurseries.
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INDICATIVE BUDGET FRAMEWORK

Performance Indicator Intermediate Outcomes

The total QPM produced/
procured

Research contribution

to cover issues of tree
variety to be grown in an
area

No of acres of the 1 km
width pitted

No. of acres of the 1 km,
manured.

No. of acres of the 1 km
treated

No of QPM Units being
accredited.

Geographically indigenous,
and locally resillient quality of
saplings.

Geoographically indigenous,
and locally resillient quality of
saplings.

Land preparation for sowing.
Land preparation for sowing.
Land preparation for sowing.
Mechanism to monitor and

regulate the quality of input and
therefore the eventual output.

Low rates of tree casuality. High
yield of quality produce while
preserving the local biodiversity.

Low rates of tree casuality. High
yield of quality produce while
preserving the local biodiversity.

Land preparation for sowing.
Land preparation for sowing.
Land preparation for sowing.

Low rates of tree casuality. High
yield of quality produce while
preserving the local biodiversity.

Annexures
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AFFORESTATION

274

Plantation Phase (1-3 years)

Plantation in public land

7

8

10

11

12

13

14

Sapling. Cost per acre Rs 2800 Rs 2,800 x No of acres

Depends on distance of nursery
from river bank

Transport. Cost of sapling

Planting. Cost per acre: Rs 4000 Rs 4,000 x No. of acres
Mulching. Cost per acre: Rs 4000 Rs 4,000 x No. of acres
Pruning and Rs 8,000 x No. of acres

mulching. Cost
per acre: Rs 8000

Implements for micro irrigation Cost of implements

Production and application of herbal Cost of herbal pesticides + cost

pesticides of personnel for application of
pesticides.

Grassland vegetation like that by Vetiver

Plantation in farmer owned land: In addition to the general plantation costs in public
land, as enlisted above, the following are additional costs for farmers’ land

15

16

17

18

Drip farming Infrastructure with separate Cost of equipment
valves

Compensation to farmers for loss of Rs 164,000 x No of farmers
income: Rs 75,000 in first year + Rs

74,000 in second year + Rs 15,000 in third

year

Crop insurance

Educating farmers, regular monitoring
and technical support

Plantation in land owned by forest dwellers: In addition to the general plantation costs
in public land, as enlisted above, the following are additional costs

19

20

21

Clae

MFP aggregation Cost of labour and equipment

MFP storage, processing and auction/sale Cost of infrastructure and
operating costs

Skilling and training to maintain Cost of training
community forests and for MFP
processing
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INDICATIVE BUDGET FRAMEWORK

No of acres of the 1 km sown
No of acres of the 1 km sown
No of acres of the 1 km sown

No of acres of the 1 km
mulched

No of acres of the 1 km
pruned

No of acres of the 1 km
irrigated

No of acres of the 1 km
covered.

Area along the bank covered.

No. of acres of the 1 km
irrigated

No. of affected farmers
compensated.

No of acres of the 1 km
insured

No. of farmers skilled.

No. of persons paid & weight
of MFP collected

Weight of MFP stored and
processed/sold

No. of persons skilled/
trained

Planting of geographically
suitable trees.
Planting of geographically
suitable trees.
Planting of geographically
suitable trees.
Planting of geographically
suitable trees.
Planting of geographically
suitable trees.

Water efficient irrigation.

Protecting produce from disease
and pest infestation

Protecting river bank through
non engineering ways

Water efficient irrigation.

Smoothening farmers’
consumption during transition
period.

De-risking farmers

Intermediate income for
community members involved in
MEP collection

Value addition to MFP;
intermediate income for
community members involved
in processing; income to entire
community from MFP

Low rates of tree casuality.

Subtantial demonstration of Per
drop, more crop

Substantial demonstration of
agroforestry models

Protecting farmers’ incomes and
reducing volatility.

Increased welfare of community

Increased welfare of community

Sustainable forest resource
management and sustainable
MFP production
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AFFORESTATION

22 Ongoing accreditation of produce Cost of accreditation

Cost of equipment and

23 Ongoing monitoring of river flows manpower
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INDICATIVE BUDGET FRAMEWORK

. Signalling quality of produce and getting fair Ensuring competitive agro
L Bt price based industy

Increased flow in rivers compared to

. Perennial rivers
baseline

Flow measurement

P
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AGRO-BASED INDUSTRY

Farmers Producer Organisation (FPO)

1 Organisation of farmers through =~ Awareness generation
legislation, Self Help Groups.
Costs inlude: Cost of creating
awareness and prmoting take off

2 Managerial training to farmer or  Cost of training or cost of specialised
technical assistance personnel

3 Digital Platforms: ICT Capacity Cost of providing internet. Cost of
Building - infrastructure for incentivising computers.

internet, incentivising computers

A Creation of infrastructure for Cost of creating or incentivising creation of
storage, transport and organised  infrastructure
selling

Industrial linkages

5 Fiscal incentives for take up of Fiscal incentives like tax rebates, subsidies
FPO centric business models
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INDICATIVE BUDGET FRAMEWORK

Performance Indicator Intermediate Outcome

Number of FPO created Creating an organised supply of = Consistent and organised
organic produce supply of raw material for agro
based industry.

No of FPO with skill training or Creating an organised supply of  Consistent and organised
personnel organic produce supply of raw material for agro
based industry.

No of FPO with operational access Allowing for real time monitoring, This could be a use case for
to ICT buying and selling digital india.

The no. of tons for which Creating a consistent supply of
infrastructure has been created. = raw material

The no. of tons which have Ensuring supply side demand for Creating a vibrant agro based
industries have agreed to buy organic produce industry, improving make in
india.
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ANNEXURE1

EFFECT OF FOREST COVER ON
GROUNDWATER RECHARGE FOR
SUSTAINABLE RIVER FLOW

Dr. P. Thambidurai, Ph.D. (IIT Bombay):

ABSTRACT

Effect of forest cover on groundwater recharge is of interest to increase water flow
in the river. There is enough quantitative evidence to strongly suggest increase

in tree cover will increase the groundwater recharge in tropical regions. Effective
changes have been noticed by many workers in the subsurface components of the
hydrologic cycle, especially groundwater recharge and base flow. Base flow is the
primary source of the river which keeps the river running throughout the year.
The proposed project is concerned with the effect of changes in forest cover on the
magnitude of peak river runoff for the Indian scenario. Studies relating to changes
in land-use and the magnitude of base flow will be carried out in consideration of
land-surface slope, drainage density, geology, and other factors during different
stages of forest gro

Differences in groundwater recharge within a forested area arise largely due to
direct interception. Effective groundwater recharge happens when the majority
of rainfall occurs on the tree canopy and moves quickly into the depths of the
ground, below plant roots. Estimates of groundwater recharge and discharge will
be carried out by studying the rainfall ratio to river flow in the proposed region.
Studying the recharge-to-rainfall ratio will help to understand the key factors
which will have substantial effects on groundwater recharge.

Also precipitation is likely to play a dominant role in the magnitude and variability
of groundwater recharge. Effect of tree cover increase on local precipitation, such
as an increase in interception, infiltration and runoff, will be studied in detail.
The understanding of groundwater and its contribution to rivers is very important

1 Assistant Professor (Geological Division), Amrita Centre for Wireless Networks and Applications,
Amrita University, Kollam, Kerala
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to evaluate the effect of forest growth over a period of time. Determination of
base flow and stream analysis will be carried out through comparison of different
sub-basins. Hydrograph analysis will be adopted to separate base flow from
quick flow which occurs immediately after rainfall. An existing method will be
utilized, before and after tree growth, to calculate land cover of the proposed area
to determine the effects of changes in tree cover. The development of forest cover
could be an effective step to improve the groundwater hydrogeology environment
which will ensure sustainable river flow.

1. INTRODUCTION

Two-thirds of the world’s population may live in water-limited regions by 2025
(Kuylenstierna et al., 1998). In Africa about 340 million people already lack access
to adequate hygienic water (UN, 2009). Rivers are important for water distribution
and also in developing the landscape which provides habitats, especially for
humans and diverse plant-animal communities. Where does the water in a river
come from when it has not rained recently? Base flow is the technical name for
flow in a stream or river. River base flow results from groundwater seeping into
riverbanks or the riverbed. Base flow is the sole or primary source of streamflow
during the annual dry season when rainfall is insufficient to generate substantive
runoff. The groundwater flow has a much larger scale and it is controlled

by vegetative cover, rainfall, land-surface slope, geology and other factors
(Rodriguez et al., 2017). Hydrogeologists have recognized the importance of the
interconnected nature of groundwater and surface water. The surface water is
always almost connected to groundwater which has critical impact on river water
flow.

In general, the base flow can be significant enough to allow the stream to

flow around the year (i.e., perennial or permanent stream). Recharge from
groundwater to streams and rivers through base flow is the major source for
sustained flow in the river except during storms. On average, 40 percent of all
flow in United States rivers and streams originates from the groundwater. Water
flowing into a stream from groundwater is called a “gaining stream” and this it
is the most common source of water for a stream. When the river level rises, for
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example in response to a storm, water can flow from the river into the channel
banks, as the water level in the channel rises above the pre-storm groundwater
level. This is known as “losing stream”. If the stream over tops its banks to
spread over a floodplain, flood water infiltrates to the groundwater under the
flood plain. This seepage and infiltration can help reduce the impacts of flooding
in downstream areas, and after the storm, the slow release of water from the
surrounding saturated area maintains the base flow in the channel. Infiltration
through the floodplain to the underlying groundwater table is one of the reasons
why maintaining flood plains in an undeveloped (pervious) condition must be an
important consideration for planning development.

A stream may switch back and forth between losing or gaining on a seasonal

basis during the year and/or during the course of its flow downstream from its
headwaters. Conditions may change from gaining to losing at the upstream end

of a meander or at the top of an abrupt change in the gradient of the channel.
Excessive pumping from a well in the vicinity of a stream may induce a “losing”
condition when the zone of drawdown around the well intersects the surface water
body. Since groundwater and surface water are not separate resources, when our
activities use one of these resources, it often affects the other in a relatively short
time frame in terms of quantity and quality.

An important question in hydrogeology is how much base flow occurs in a river
in response to a given amount of rainfall. To answer this question we need to
know where water goes when it rains, how long does water reside in a watershed,
and what pathway does water take to the stream channel. Answering the
question of how much runoff is generated from surface water inputs requires
partitioning water inputs at the earth’s surface into components that infiltrate
and components that flow overland and directly enter streams. The pathways
followed by infiltrated water need to be understood. Infiltrated water can enter
into the subsurface that takes it to the stream relatively quickly, in which case it
is called interflow. Infiltrated water also percolates to deeper levels and connects
to groundwater, which sustains the steady flow in streams over much longer time
scales — the base flow. Figure 1 illustrates schematically many of the processes
involved in the generation of groundwater and stream flow.
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FIGURE 1. PHYSICAL PROCESSES INVOLVED IN RUNOFF AND BASE FLOW

The further discussion will provide an elementary quantitative understanding

of the processes involved in the groundwater contribution for stream flow: the
mechanisms involved in groundwater generation; and the pathways that water
takes to move into streams; physical factors at the land surface (soil) that control
the runoff; and infiltration processes of rainwater into the subsurface. Infiltration
is the main mechanism through which groundwater recharge can be increased.
Infiltration is the movement of surface water into the soil, where it can be
temporarily stored, infiltrate into underlying soil and recharge groundwater.

Soil properties have an important role on water inputs at surface and subsurface
flow. An increased rate of infiltration is based on favourable soil structure
(hydraulic conductivity). To prove this mechanism, there were studies which
recognised that trees can improve the hydraulic conductivity and reduce overland
water flow (Sandstrom et al., 1998; Bruijnzeel, et al., 2004; Beck et al., 2013).
Several studies of infiltration rates before and after deforestation or forest fires
found decreased infiltration rates after the trees were gone (Wondzell and King
2003). Gonzalez-Sosa et al (2010) found higher saturated hydraulic conductivity
in areas of broadleaved forests and small woods than in permanent pasture soil
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and cultivated lands. Skorobogatov et al (2013) compared saturated hydraulic
conductivity in vegetation covered area to the surrounding areas without trees but
which had similar soil and topography,and found that trees had a significantly
greater impact on soil permeability compared to lawn without trees. Chandler and
Chappell (2008) found that median and mean saturated hydraulic conductivity 3
m from the trunks of individual oak trees were a factor of 2.3 and 3.4, respectively,
larger than those of the surrounding grassland without trees. The other literature
review also addressed in which the ratio of saturated hydraulic conductivity of the
A- horizon soil under trees to that under adjacent pasture ranges from 2 to 140.

How can trees increase infiltration rate? Living and decaying roots create a
network of well-connected channels in the soil called macro-pores. Water flow
through these macro-pores can be up to several hundred times faster than flow
through the soil matrix (Aubertin 1971 and Buttle and House 1997; Chandler

and Chappell 2008). In addition, organic matter from leaf litter and tree roots
improves soil structure, which can increase infiltration rates. Soil structure is
improved as soil particles are cemented together by humus, by organic glues
created by fungi and bacteria decomposing organic matter, and by polymers and
sugars excreted from roots. Not surprisingly, several studies have documented
that vegetation maintains adequate saturated hydraulic conductivity over time
in bio-retention areas (e.g. Lucas and Greenway 2011, Hatt et al 2009). Breen
and Denman specifically compared unsaturated infiltration rates of model soil
profiles in above-ground containers with trees, to containers without trees and
found that those with trees had higher infiltration rates. This tells us that even at
a very young age, the trees were already having a positive effect on the hydraulic
conductivity. Bartens et al (2009) also found that tree roots affected soil hydraulic
conductivity even at a young age, and concluded that “woody roots can increase
infiltration relatively quickly before there is opportunity for very large diameter
roots to form and when root turnover is likely minimal...” and that therefore,

“it seems probable that water travelled around root channels along existing live
roots.” In addition, studies examine the role of stem flow (that is, the flow of
intercepted water conveyed down the trunk or stem of a plant) as a major source
of infiltration into the soil (Koichiro, 2001; Johnson and Lehmann, 2006). The
infiltration mechanism is presented in Figure 2 a & b.
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FIGURE 2 (A) INFILTRATION MECHANISM IN TREE COVERED AREA

FIGURE 2 (B) SCHEMATIC DIAGRAM HIGH INFILTRATIONS IN FOREST AREA
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Johnson and Lehmann (2006) determined that infiltration of stem flow, which
results from the partition of rainfall by the tree canopy, is enhanced by root-
induced preferential flow. The amount of precipitation accounted for as stem
flow ranged from less than 1 to as much as 22 percent of incident rainfall above
the forest canopy where the rainfall averaged 24 to 200 inches per year (in/yr).
The hydrologic role of stem flow is a water source to the soil beneath the forest.
Although the ratio of stem flow to precipitation is small in a forested basin, the
effect of stem flow on groundwater recharge might be relatively large.

However, there are reviews and analysis (Taniguchiand, 1996; Zhang et al., 2001,
Wau., 2006) which recognized the inconclusive and even contradictory nature

of results from studies that attempt to relate hydrogeologic and geomorphic
properties, as well as the extent of forest cover, to base-flow magnitude.

The reported adverse effect is based on the relationship that exists between
evapotranspiration and the altitude at the studied site. Also, the inverse relation
may be due to a general decrease in temperature with increasing altitude, which
in turn, generally reduces the amount of water consumed by vegetation. Wu and
others (2006) did not relate the inverse relation between evapotranspiration and
altitude to base-flow magnitude.

Groundwater recharge can come either from the small amount of rainfall

that percolates below the root zone of plants or from water seeping into the
groundwater from streams, rivers, lakes and dams. The amount of water that
percolates below the root zone of crops and pastures can be 10-100 times that
percolating below trees. All sources of recharge can contribute to groundwater.
Afforestation and deforestation affected low flows of streams (Ramos-Ginés,
1997). A low-flow rate of about 0.47 (ft3/s)/mi> was estimated for a predominantly
forested watershed in the Municipality of Cidra in the unincorporated territory of
the United States. Lower low-flow rates of 0.1 to 0.2 (ft3 /s)/mi2 were estimated
for the same municipality from agricultural areas with little or no forest cover.
These low-flow rates also can be increased by the base flow. The apparent relation
between forest cover and base-flow magnitude of streams in the interested area
should be examined prior to establishing land-use practices that require the
removal of forest cover. Reductions in forest cover will also lead to a reduction

in the hydraulic conductivity of near-surface soils. As a result of tree removal,
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the once shaded clayey soils are exposed to the drying effects of the sun and
hardening by the wind. Soil hardening is accompanied by a loss of macro-
porosity caused by the disappearance of the prior root systems. This alteration
in combination with slopes that range between 40 and 60 percent reduces water
infiltration to the subsurface and increases rapid soil erosion and rainfall runoff.

The previous studies conducted by United States Geological Survey (USGS),
indicate that a direct relationship exists between high base flows and the presence
of forest cover. High base flows have been documented in streams within mature
forested areas (Gomez-Gomez, et al., 2001). The previous research works reveal
that increasing forest cover could help preserve the hydrologic, ecological, and
societal functions of streams. Ideally, environmentally sustainable land uses can
be reconciled with the goal of enhancing the socioeconomic development of the
interested region. To determine a relation between the spatial extent of forest
cover and base flow in the proposed area in the Indian context the following
methodology will be adopted.

2. BACKGROUND

The proposed project is concerned with the effect of changes in land cover
on the magnitude of peak stream runoff for the Indian setting. Studies
relating land-use changes and the magnitude of base flow in tropical
regions are very rare. The relation between streamflow and forest cover is
complex, because streamflow is affected by the stage of a forest’s growth,
land-surface slope, drainage density, geology, and other factors.

3. METHODOLOGY

The relation between the extent of forest cover and the magnitude of base flow
will be studied in drainage basins of the proposed area. This will assess how land-
use practices such as deforestation and agricultural practices affects the base flow
of streams, and will be carried out through intense data acquisition and detailed
analysis. This includes land use, rainfall distribution and other climate indicators,
streamflow, evapotranspiration, and groundwater.

3.1. Land-Use Classification - Landforms and Drainage - Remote Sensing and GIS
techniques will be used to generate layers of information of land cover,
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stream network, slope/contour, forest legal boundaries, settlement
locations and village boundaries. The main criterion that will be used to
differentiate the various land uses in the study area in these type groups is
their similarity, such as in the height and extent of forest canopy in the case
of vegetative covers, and the predominance of a paved, impervious surface
devoid of vegetation in the case of commercial and rural residential zones.
The percentage of land use within the proposed area will be calculated and
grouped in each basin which can be determined from the prepared data set
(Map layers). Finally, field validation will be conducted with processed data
base.

Geology — To understand the geology of the area including rock formations
and types of rock, structural aspects will be studied through field
examinations.

Soil Study — Physical and chemical characteristics, types of soil, and
depth profile data will be collected from the existing source for further
understanding and analysis.

Rainfall — Rainfall data will be collected from the existing data source for the
proposed region to understand the rain pattern.

Streamflow — Flow rate data will be collected for the past few decades to
understand the existing scenario.

Evapotranspiration (ET) — If the ET data is not available then it will be
calculated from collected rainfall and streamflow, etc. The mass-balance
approach of Giusti (1978) will be used to estimate evapotranspiration
(ET) within the study area. In this approach, ET can be considered to be
the difference between rainfall and runoff (ET = P-RO) where P is the
basin average precipitation and RO is runoff. According to Giusti (1978),
ET increases until a threshold in rainfall is reached, beyond which it
progressively decreases with further increases in rainfall. The rainfall and
streamflow data will be used to estimate evapotranspiration.

Groundwater — Available groundwater data will be used to understand the
current condition of the basin.

)
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4. EFFECTS OF FOREST COVER ON BASE FLOW OF STREAMS -TO
DETERMINE ONCE FOREST IS DEVELOPED

4.1.

4.2.

4.3.

4.4.

Land use analysis — To determine the changes in land cover and land use
pattern.

Rainfall and Climate - Rainfall stations equipped with tipping-bucket-type
rainfall gauges were installed as part of this study at different altitudes to
account for the spatial variation in rainfall within the basins. Additional
climatological data will be measured to calculate and analyse the rainfall
patterns of the region. In addition, installed weather station data will be used
to determine temperature changes, wind direction, air moisture, etc.

Hydrology - Test holes will be drilled and a series of piezometers can be
installed as much as needed in the proposed basins to obtain the lithologic
and groundwater data which define the hydrogeology of the study area.
Water-level measurements will be made at regular intervals, and also a slug
test can be conducted at representative piezometers (test well) to estimate
hydraulic conductivity. The Bouwer and Rice (1976) analysed method may be
adopted to compute the values from the slug-test data. Groundwater levels
at selected piezometers in test bore wells will provide storage and pathways
for groundwater movement.

Streamflow - Streamflow gauging stations will be installed through the
length of the stream stretch in the proposed basins to collect continuous
streamflow data. Result of the steep slope of the stream channels and the
steep hydraulic gradient at the younger stage of stream runoff may occur
rapidly. So, relatively streamflow discharge measurements will be measured
and analysed to investigate the characterization of the occurrence of low
flows in the particular stream. Continuous daily streamflow data will be
also estimated for the larger basins and continuous streamflow data for the
tributaries.

e Total streamflow was separated into base-flow and runoff
components. The base-flow component of continuous streamflow
estimated at proposed basins obtained with Hydrograph Analysis Tool.

e The base-flow component will be computed using the “One-
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parameter Digital Filter” option. In the case of small basin area where
direct runoff is restricted to less than an hour after rainfall events,
the measured streams flow will be assumed to be entirely composed
of base flow. To integrate the seasonal variations in base flow, the
annual mean discharge at the larger basins will be calculated as the
average of the daily data, whereas at the smaller basins the annual
mean discharge is assumed equal to the average of the discrete
measurements. To compare the base-flow-generation capacities
between basins in the same paired set, flows will be normalized

by drainage area and presented as cubic feet per second per square
kilometer.

e Evapotranspiration (ET) - Through rainfall data and measured
streamflow values, the mass balanced ET will be calculated. For ET
calculation the following mass-balance approach (Giusti, 1978) will be
used to estimate evapotranspiration (ET) within the study area. In this
approach, ET can be considered to be the difference between rainfall
and runoff (ET = P-RO) where P is the basin average precipitation and
RO is runoff. According to Giusti (1978), ET increases until a threshold
in rainfall is reached, beyond which it progressively decreases with
further increases in rainfall. The rainfall and streamflow data will be
used to estimate evapotranspiration.

5. DETERMINATION OF STREAMFLOW AND BASE FLOW ANALYSIS

The magnitude of base flow within the proposed area will be monitored and
calculated with the areal extent of forest cover in the proposed basin measured.
The base-flow magnitude will be normalized on a unit area basis for comparison
purposes of different sub basin. The understanding of the groundwater (base flow)
contribution to stream flows is very important to evaluate the effect of forest
cover. There are well established methods for the understanding of the magnitude
and dynamics of groundwater discharge into the stream. One such method is the
analysis of the streamflow hydrograph. The aim here is to separate and interpret
base flow from quick flow which is the short term response to a rainfall event.
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In this regard, a multitude of the methods have been developed which can be
conveniently categorized into four basic approaches as follow:

Graphical base flow separation
Filtering-algorithms
Frequency Analysis

Recession Analysis

~NW NP

The direct flow is primarily the direct response of a rainfall event and includes
the overland flow (runoff) and the lateral flow in the soil profile, also known as
interflow. The base flow is a component of streamflow which is discharged from
the natural storage of aquifers. Certain streamflows can be affected by both direct
flow and / or base flow components. Many streamflows can acquire modified base
flow situations due to the abstraction and use of water resource directly from the
stream or from the groundwater storage. A streamflow can also be affected by the
interruption of the direct flow such as by diversion of runoff and water harvesting
mechanisms. Therefore it is necessary to separate the direct and base flow of a
streamflow in order to understand the component that is more influential on

the stream flow as well as to identify the component which is more likely to be
affected by land use changes. Moreover in order to have a targeted policy in water
resource development and use, it is essential to have a responsible estimation of
the direct and base flow components of the stream flow.

The graphical methods separate the base flow on a discharge duration graph by
connecting an intersection point of base flow and direct flow upon the hydrograph
raising limb’s lowest flow point (at a point where direct flow is assumed zero) to
a point on the falling limb where it is assumed all flows are changed to base flow.
There are several methods that can be used to get the point where direct flow ends
upon the falling limb part of the hydrograph. The most popular one is an empirical
formula given by following equation (Linsley et al., 1975): D=0.827A°>

Where, D is the number of days between the storm crest and the end of the quick
or direct flow and A is the area of the catchment in square kilometers.

In stream flow separation, the most frequently used method is the filtering
separation method which separates base flow from the streamflow time series
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data by processing filtering procedure. Although this method does not have any
physical or hydrological basis, it aims at generating an objective, repeatable
and easily automated index that can be related to the base flow response of the
catchment (Arnold et al., 2000). The second most frequently used method is

a statistical method known as frequency-duration analysis. It calculates the
probability of a given flow that will equal or exceed daily, monthly and annual
flows.
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ANNEXURE 2

IMPACT OF POLLUTION ON RIVERS

Cdr. S. Lakshmanan Iyer (Retd. )
ABSTRACT

Within the next one to two decades, water problems in India may constitute a
greater crisis than is fathomable today. One factor that needs to be considered
consciously is that there is no known resource substitute for water in satisfying
the direct living demands of the population. This essentially means we must learn
how to live with existing water supply endowments by managing water in terms
of its use, development and conservation. India is arguably the oldest civilization
nourished sumptuously for hundreds of centuries by the great endowments of
Mother Nature, our Great Rivers. The exemplary evolutionary development seen
today after these hundreds of centuries is certainly attributed to our rivers. This
chapter focuses on one of the key factors that threaten the very existence of these
wonderful rivers — pollution.

The National Water Monitoring Programme has identified that 275 rivers out of
445 rivers in the country are polluted. The key causes of pollution in rivers are:
discharge of untreated / partially treated sewage and effluents; fertilisers and
pesticides from agricultural run-off; and septage (septic tank sludge) disposed of
into rivers.

Reusing treated wastewater instead of releasing them into rivers serves the
twin purpose of eliminating pollution in rivers coupled with partially meeting
the demand for water for non-potable and non-contact applications. Potential
applications are irrigation (both within cities and farmland adjoining cities),
flushing, road wash, car wash, construction, etc.

To ensure safe, good quality treated wastewater from centralised STPs (including
removal of residual toxic chemicals and pathogens) suitable for irrigation of
organic farms, the following measures are required:

A chemical-free tertiary treatment using natural systems, such as Soil
Biotechnology, is required to be added.

! Director, Anantha Naturals Pvt. Ltd., Coimbatore
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Introduction of mandatory continuous on-line, live and transparent monitoring of
treatment water quality parameters and operational parameters of centralised STP

The currently installed treatment capacity of STP caters for roughly 40% of wastewater
generation. Decentralised wastewater treatment coupled with local reuse can significantly
enhance treatment of the remaining untreated 60%.

Utilisation of currently available surface drains (suitably designed and modified using
the design conceptualised by Dr. Biplab Patnaik of Life Link Eco Technologies Pvt. Ltd.)
could be explored for transportation of sewage. This can significantly bring down sewage
transportation costs and eliminate risk of undetected sewage leakage into groundwater
or freshwater lines. Underground piping networks would be more suited to storm water
transportation.

Immediate cost-effective possibilities to reduce pollution in rivers include use of Bacterial
Bioremediation (Manu Bhatnagar, INTACH, 2017) and Vetiver System (Truong, Van, &
Pinners, 2009).

Developing processes aligned with principles of Green Chemistry and Green Engineering
can significantly reduce industrial effluent potentially up to 90%, while significantly
promoting recovery of chemicals and recycling of water. Recycle@Source Solutions

by Newreka Green-Synth Technologies Pvt. Ltd. are already providing such solutions

to industries. This will not just reduce the pollution load but also help in demand
management of freshwater.

Most of the content in the sections that follow in this annexure have been derived from
various reliable sources, whose references are indicated in the respective sections. In order
to avoid loss of thought process as intended by the author / source under reference, the
content from all these sources have been quoted as such in most places. In a few places,
however, some text modification was necessary to maintain continuity with respect to the
current context.

1. BACKGROUND
(a) Introduction

Water is obtained from a variety of sources, ranging from rivers, wells (shallow as
well as bore), ponds & lakes, traditional rainwater harvesting structures or even
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snow and glacial ice melt. Contemporary sources range from harvested rainwater
that is stored in artificial storages like tanks or ponds, harvesting atmospheric
dew or even from the sea by desalination.

Water is used in a variety of ways, some of which entail man-made
(anthropogenic) substance discharges. They influence the chemical quality of
water bodies and may thereby not only harm the aquatic life forms but also impair
human usage such as for drinking water.

Contemporary India faces a pressing developmental challenge, namely providing
safe, affordable and efficient drinking water and sanitation services to an urban
population, the size of which is largely underestimated even by the official records
of the census of India. Inadequate water supply and sanitation services impose a
disproportionate public health burden on the poor. It also results in unregulated
and unsustainable groundwater pumping. The urban water and sanitation services
sector needs systemic responses to address these interconnected problems.

India, home to 16 percent of the world’s population, has only 2.5 percent of the
worlds land area and 4 percent of the world’s water resources at its disposal.
Precipitation in the form of rain and snowfall provide over 4,000 trillion litres
of fresh water to India. Most of this freshwater returns to the seas and ocean via
the many large rivers flowing across the subcontinent. A portion of this water

is absorbed by the soil and is stored in underground aquifers. A much smaller
percentage is stored in inland water bodies both natural (lakes and ponds) and
man-made (tanks and reservoirs).

Honouring the fundamental tight to provide basic essential services such as clean
water and sanitation has been an unresolved concern across most of the rural

and urban landscape in India. Recent studies (Narain, 2012); (RobecoSAM, 2015)
confirm that this is due to rapid urbanisation coupled with improper management
of the water resources and pollution. Here is a brief snapshot of the water and
sanitation in the global scenario:

(i) Accessible and high-quality freshwater is a limited and highly variable
resource. Projections show that 40% of the world’s population currently
lives in water-stressed river basins, and that water demand will rise by
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55% by 2050. (OECD, 2015)

(ii) Over-extraction and contamination of aquifers worldwide will pose
significant challenges to food security, the health of ecosystems and
safe drinking water supply, and increase the risk of subsidence, among
other consequences.

(iii) In 2050, 240 million people are expected to remain without access to
clean water, and 1.4 billion without access to basic sanitation. (OECD,
2015)

The Indian scenario mirrors the global trend in many ways:

(i) Inadequate waste management systems have resulted in pollution of
both surface water resources (all major rivers in India) and ground water
resources (RobecoSAM, 2015)

(ii) Only 43.5% of the households in India use tap water as the major source
of drinking water among urban residents

(iii) The Ministry of Urban Development assesses that only 72% have water
within their premises.

(iv) Only 32% of India’s population receives treated water.

(v) 18.6% of urban households do not have access to any form of sanitation
facilities at home.

Therefore, clean water and sanitation are seriously critical aspects India as a
country needs to be paid closer attention to, while simultaneously focusing on
economic growth activities. The UNESCO organization in 2015 has also outlined
‘water and sanitation’ as one of the 17 key focus areas for sustainable global
development over the 2015-2030 period.

Specifically for India, it is therefore imperative to protect our rivers from drying
out as well as eliminate/reduce polluting them to ensure their sustainability
towards nourishing our future generations for hundreds of centuries as
sumptuously as we have experienced.
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2. TRENDS IN FRESH WATER CONSUMPTION

A country is defined as suffering high relative water stress if the demand is greater
than 40 percent of the renewable water supply. India has been constantly faring
low on the twin measures of water deficiency — absolute standard as well as the
relative standard.

Of the 1,869 trillion litres (or 1,869 billion cubic metres (BCM)) of water reserves,
only an estimated 1,122 trillion litres (or 1,122 BCM) can be exploited due to
topographic constraints and distribution effects. The demand for water has been
increasing at a high pace in the past few decades. (Refer Graphs 1 & 2).

Graph 1: Demand vs. supply curve in India
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The consumption in 2010 in the country was approximately 581 trillion litres (581
BCM) with irrigation requirements accounting for a staggering 89%, followed by
domestic use at 7% and industrial use at 4%. (KPMG International, 2010)

The National Commission for Integrated Water Resources Development (NCIWRD)
estimated that the total withdrawal/utilization for 2010 for all types of uses as 710
BCM. Out of that irrigation accounted for nearly 78% followed by domestic use
6%, industries 5%, power development 3%, and other activities claimed about 8%
including evaporation losses, environment and navigational requirements.

The projection for 2050 is 1,180 BCM. Out of this, irrigation is expected to need
68%, followed by domestic use of 9.5%, industries 7%, power development 6%,
and other activities, about 9.5%. (Central Water Commission, Ministry of Water
Resources, November 2014)

TABLE 1: ANNUAL REQUIREMENT FOR DIFFERENT USES (IN KM3)

Year 2010 Year 2025 Year 2050
Use Year 1997-98 Low High % Low High % Low High %
Surface water
Irrigation 318 330 339 48 325 366 43 375 463 39
Domestic 17 23 24 3 30 36 5 48 635 6
Industries 21 26 26 4 47 47 6 57 57 5
Power 7 14 15 2 25 26 3 50 56 5
Inland navigation 7 7 1 10 10 1 15 15 1
Environment - Ecology 5 5 1 10 10 1 20 20 2
Evaporation losses 36 42 42 6 50 50 6 76 76 6
Total 399 447 458 65 497 545 65 641 752 64
Groundwater
Irrigation 206 213 218 31 236 245 2% 253 344 29
Domestic 13 19 19 2 25 26 3 42 46 4
Industries 9 11 11 1 20 20 2 24 24 2
Power 2 + - 1 6 7 13 14 1
Total 230 247 252 35 287 298 35 332 428 36
Grand total 629 694 710 100 784 843 100 973 1180 100
Total water use
Irrigation 524 343 557 78 361 611 72 628 807 68
Domestic 30 42 43 6 55 62 7 %0 111 9
Industries 30 37 37 5 67 67 8 81 81 7
Power 9 18 1% 3 31 33 - 63 70 6
Inland navigation 0 7 7 1 10 10 1 15 15 1
Eavironment — Ecology 0 5 5 1 10 10 1 20 20 2
Evaporation losses 36 42 42 6 50 30 6 76 76 7
Total 629 694 710 100 784 843 100 973 1180 100
Source: (Rakesh Kumar, R. D. Singh and K. D. Sharma, 2005)
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TABLE 2: WATER REQUIREMENT IN MM3?/YEAR (PRODUCTION IN 1000 TONNES)

Water
Cotegory.cF Require
SAEogNG ment per Year 2000 Year 2010 Year 2025 Year 2050
Industry
tonne in
Sl o)
No
Production Water Production Water Production Water Production Water
Req. Req. Req. Req.
1 2 3 4 5 6 7 8 9 10 11
1 | Iron & Steel 22 174050 3829.1 265350 5837.7 273300 6013 547050 12035
2 | Smelters 82.5 203.6 16.76 292.6 24.14 391.6 32.31 537.6 44.35
3 | Textiles & Jute 200 51193 | 8153.7 95094 19019 183507 36701 234618 46924
4 | Leather Products 30 1277.5 1244.7 21913 65.74 3102.5 93.08 4927.5 147.83
Inorganic
Chemicals
S 200 373p 165 8000 1600 16730 3346 30076 615
6 | Pharmaceuticals 25 4960 124 8370 | 209.25 11046 276.2 17170 | 429.15
7 | Distillery 22 1790.8 6357.2 3059.6 66.31 4454.6 318 6020 5203.9
8 | Paper & Pulp 200 4950 1260 10350 207 51200 10240 97450 19490

From the available water resources, it is expected that by 2025, on an average,
72% of the total water use will be used in the agricultural sector, while 8% and 7%
respectively will be employed for industrial and domestic purposes (Inferred from
Table 1). The trends in water consumption by the industry are detailed in Table 2.

Over the next three decades, it is therefore expected that the agriculture
requirement would continue to dominate the overall water demand in India. The
agricultural output of India is, and will be heavily dependent on the available
groundwater and surface water resources.

Looked at in a different way, groundwater availability is around 1,869 BCM in
India. From this, 40% cannot be used due to geological and topographical reasons
and loss. Only about 4,000 BCM of freshwater is available due to precipitation in
the form of rain and snow, most of which returns to the seas through rivers.

The historical evolution of drinking water supply programmes since independence
came from an aspiration in 1949 for provision of safe drinking water supply to
cover 90% of India‘s population in coming 40 years, to a necessary inclusion of
wastewater treatment and disposal with all drinking water plans in the Twelfth
Plan (2012-17) (Review of Water Policies and Programmes with Special Reference
to Urban Water Supply, 2012).
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The status of groundwater in India as of 2016 is summarised in the Table 3. The
trend clearly shows an overexploitation of the groundwater sources over the past
two decades.

Any policy initiative needs a clear understanding of what are the consequences or
the impacts of water types and how to minimise the undesired consequence and
increase the pleasantness of water management.

Arcadis, a Design & Consultancy firm for natural and built assets, in partnership
and consultation with the UK-based Centre for Economics and Business Research
(CEBR), has developed the Sustainable Cities Water Index with the ultimate

goal of being able to rank the sustainability of cities with respect to their water
profile and systems. The Index centres around three key sub-indices for water
sustainability: resiliency, efficiency, and quality. In turn, these sub-indices are
made up of a series of indicators, such as flood risk, green space and pollution.
(Arcadis, 2015)

(@) Resiliency:

A water resilient city is well prepared to overcome the challenges
associated with both too little as well as too much water. It protects its
citizens against disasters such as flooding and drought, while ensuring
that water-related services continue undisrupted. Even in the face

of crises, a water resilient city should be adapted to recover quickly.
As a result of climate change, soil subsidence, coastal erosion and
urbanization, extreme weather events and water scarcity are becoming
more commonplace in many cities, particularly those located in
coastal or riverine areas. The quality indicators for Resiliency include:

(i) Water stress

(ii)  Green space

(iii) Water-related disaster risk
(iv)  Flood risk

(v)  Water balance

(vi) Water reserves
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From the available water resources, it is expected that by 2025, on an average,
72% of the total water use will be used in the agricultural sector, while 8% and 7%
respectively will be employed for industrial and domestic purposes (Inferred from
Table 1). The trends in water consumption by the industry are detailed in Table 2.

Over the next three decades, it is therefore expected that the agriculture
requirement would continue to dominate the overall water demand in India. The
agricultural output of India is, and will be heavily dependent on the available
groundwater and surface water resources.

Looked at in a different way, groundwater availability is around 1,869 BCM in
India. From this, 40% cannot be used due to geological and topographical reasons
and loss. Only about 4,000 BCM of freshwater is available due to precipitation in
the form of rain and snow, most of which returns to the seas through rivers.

The historical evolution of drinking water supply programmes since independence
came from an aspiration in 1949 for provision of safe drinking water supply to
cover 90% of India‘s population in coming 40 years, to a necessary inclusion of
wastewater treatment and disposal with all drinking water plans in the Twelfth
Plan (2012-17) (Review of Water Policies and Programmes with Special Reference
to Urban Water Supply, 2012).

The status of groundwater in India as of 2016 is summarised in the Table 3. The
trend clearly shows an overexploitation of the groundwater sources over the past
two decades.

TABLE 3: STATUS OF GROUNDWATER DEVELOPMENT IN INDIA BETWEEN 1995 AND 2011
(PRS LEGISLATIVE RESEARCH, FEBRUARY 2016)

Level of ground Explanation % of districts in % of districts in % of districts in % of districts in
water development 1995 2004 2009 2011
0-70% (Safe) Areas which have ground water 92 73 72 71
potential for development
70-90% (Semi- A'reas where cautious ground
critical) water development is
recommended 4 9 10 10
Areas which need intensive
90-100% (Critical) monitoring and evaluation for
ground water development 1 4 4 4
Areas where future ground
>100% (Over- water development is linked
exploited) with water conservation
measures 3 14 14 15
Sources: Central Ground Water Board; PRS
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Any policy initiative needs a clear understanding of what are the consequences or
the impacts of water types and how to minimise the undesired consequence and
increase the pleasantness of water management.

Arcadis, a Design & Consultancy firm for natural and built assets, in partnership
and consultation with the UK-based Centre for Economics and Business Research
(CEBR), has developed the Sustainable Cities Water Index with the ultimate

goal of being able to rank the sustainability of cities with respect to their water
profile and systems. The Index centres around three key sub-indices for water
sustainability: resiliency, efficiency, and quality. In turn, these sub-indices are
made up of a series of indicators, such as flood risk, green space and pollution.
(Arcadis, 2015)

(b) Efficiency:

Clean, usable water is an extremely valuable resource that is essential
to the health of a city’s citizens and economy. Efficient and controlled
management of this resource is, therefore, vital for service continuity
in both the production and distribution of water, minimizing cost

of service, and preserving this resource for future generations. An
often-faced dilemma is how to balance charging customers for the
true value of water while maintaining affordability. Higher rates
encourage water conservation and reuse, and can positively impact
efficiency by encouraging investment in infrastructure improvements;
but it can also be cost prohibitive. Low instances of leakage, as well

as accountability in terms of water usage in the form of metering,

are key to ensuring a city’s water systems run efficiently. In many
developed economy cities, much of the infrastructure is well past its
useful life and the cities have seen the effectiveness of their systems
suffer, with an increase in pipe leakage and service interruptions due
to infrastructure failure. In many emerging economy cities, metering
is relatively rare, and instances of non-revenue water and service
interruptions relatively high. The quality indicators for Efficiency
include:
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(i) Leakage

(i) Water charges

(iii) Service continuity
(iv) Wastewater reuse
(v) Metered water
(vi) Drinking water

(vii) Sanitation

Quality:

In the Index, water quality is arguably the area where performance
is highest, with many cities having recognized their critical role in
improving quality of life, and thus have made significant investment.
However, it remains a challenge for a number of developing cities
such as those in Africa and Asia. According to a recent UN report,
ten percent of the world’s population still does not have access to
safe drinking water. Cities in the developed world have historically
improved their prosperity and economies only after adequately
addressing water quality and sanitation, making them more
competitive. Cities in developing nations will need to improve water
quality to become prosperous, sustainable urban centres. Unsafe
water and lack of sanitation is a major contributor to illness and
disease, and lack of accessible and reliable source of potable water
can minimize productivity and deter business investment. Polluted
waterways restrict recreational activities, make clean up costly and
deter liveability. The indicators for quality include:

(i) Drinking water

(ii) Sanitation

(iii) Treated wastewater

(iv) Water-related disease

(v) Water pollution

(vi) Threatened freshwater species
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The details are tabulated in Table 4:

TABLE 4: RANKING OF WATER QUALITY INDICATORS (ARCADIS, 2015)

Quality of Life Rationale

Drinking Water 1 Essential to public health and Survival

Sanitation 2 Essential to public health

Water Related Disaster 3 Essential to public safety, supply chain and business

Risk (Flood Risk) continuity

Water Related Disease 4 Harmful to public health and economic progress

Water Stress 5 Water shortages have an impact on the ecosystem,
quality of life, future city development and business
continuity

Water Balance 6 A stable water balance is an indicator for a healthy
urban water system

Water Pollution 7 Polluted water is both a public health risk and limits
recreational and commercial usability

Water Reserves 8 Adequate safe yield and water reserves help a city
through periods of water shortage, important for
both public health and the economy

Service Continuity 9 To safeguard drinking water supply and industrial
water supply for business continuity

Leakage 10 Leakages cause loss of revenues to invest in the
water system

Treated Wastewater 1 To enhance the quality of urban ecosystems and
quality of life in cities and enable reuse opportunities

Metered Water 12 Serves the economical sustainability of the water
system to accurately account for water use

Water Charges 13 To finance water services and to stimulate economic
use of the water and provide for cost recovery and
finance system improvements

Green Space 14 To store rainwater, create space, add value to the
urban ecosystem and fight urban heat stress

Threatened Species 15 Biodiversity in ecosystems improves the urban
environment

Reused Wastewater 16 Puts less strain on supplies and builds in system

efficiencies and return on investment
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3. TRENDS IN WASTEWATER GENERATION & TREATMENT
(@) Change in wastewater Volumes Over the Years

The system of pipes used to collect and carry rain, domestic
wastewater and industrial waste away for treatment and
disposal is called the Wastewater system.

The water consumption and wastewater generation volumes have
grown, keeping pace with the growth rates of population (Census Data of
population is indicated in Table 5).

TABLE 5
POPULATION DATA
TOTAL URBAN % URBAN RURAL % RURAL
2001 2011 2001 2011 2001 | 2011 2011 2013 2015 | 2017

10286,10,328 12101,93,422/ 2861,19,689| 3771,05,760(27.8% |31.2% | 7424,90,639| 8330,87,662|72.2% |68.8%
Source: NITI Aayog Website

However, the systems available for sanitation and management of wastewater,
effluent and septage have not kept pace with this growth. This is evident from
Graphs 3 & 4.

GRAPH 3 SOURCE: CENTRE FOR SCIENCE & ENVIRONMENT, NEW DELHI, MAY 2011
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GRAPH 4 SOURCE: (CENTRE FOR SCIENCE & ENVIRONMENT, NEW DELHI, MAY 2011)
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In 2009, the Central Pollution Control Board (CPCB) estimated that 38,354 MLD
sewage was generated in major cities of India, but the sewage treatment capacity
was only of 11,786 MLD (~30%). Similarly, only 60% of industrial wastewater,
mostly from large scale industries, was treated.

Discharge of untreated sewage into water bodies has resulted in contamination
of 75% of all surface water bodies across India (Ministry of Urban Development,
2008).

(b) Wastewater Generation in 2015

As seen in Graph 5, in 2015, the estimated sewage generation in the
country was 61,754 MLD as against the developed sewage treatment capacity of
22,963 MLD (~ 38%). Because of the hiatus in sewage treatment capacity, about
38,791 MLD of untreated sewage (62% of the total sewage) is discharged directly
into nearby water bodies (CPCB Bulletin, Vol 1, 2016)

The five states, namely, Maharashtra, Tamil Nadu, Uttar Pradesh, Delhi and
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GRAPH 5: STATUS OF SEWAGE GENERATION & TREATMENT - 2015
(CPCB BULLETIN, VOL 1, 2016)
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GRAPH 6: STATE-WISE GENERATION OF SEWAGE GENERATION &
TREATMENT - 2015 (CPCB BULLETIN, VOL 1, 2016)
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Gujarat account for approximately 50% of the total sewage generated in the
country. Maharashtra alone accounts for 13% of the total sewage generation in the
country. (CPCB Bulletin, Vol 1, 2016) (Graph 6).

Due to agricultural growth, industrialization and urbanization wastewater
generation increased in recent years, which is emerging as a potential source for
demand management after essential treatment.

(c) Sources of Wastewater
(i) Overview:

(aa) Domestic Sewage
This includes all wastewater generated by home
dwellings, public restrooms, hotels, restaurants, motels,
resorts, schools, places of worship, sports stadiums,
hospitals and other health centres, apartments and the
like. They all produce high volumes of wastewater.

(ab) Non-sewage
These include water from floods (storm water), runoff
(rain water running through cracks in the ground and
into gutters), water from swimming pools, water from
car garages and cleaning centres. They also include
commercial laundry, commercial kitchens, power
generation plants, and so on. Wastewater is also
generated from agricultural facilities. Water used for
cleaning in animal farms, washing harvested produce
and cleaning farm equipment.

(ac) Industrial Wastewater

It is specific for the type of Industry. In India from
Tannery to Sugarcane, all industries produce a huge
quantity of effluents.
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(ii) Constituents of Wastewater

Typical constituents of wastewater are organic and inorganic
chemicals, bacteria and other microorganisms (some of which may be
pathogenic), fats, oils and grease, etc. The organics and inorganics may be in
suspended or dissolved form. Some of these components are nutrients that are
useful for plant growth, but cannot be used or harnessed in their present form,
mixed in wastewater.

In case of industrial effluents, and in cases of domestic sewage contaminated by
mixing of such effluents, there can be various other chemicals (often toxic), such
as pesticides, heavy metals, etc.

Today’s agricultural run-off emanating from farms where chemical fertilisers and
pesticides are extensively used, though not technically “wastewater”, have large
proportions of these chemicals adding to the toxic load in water.

Many of the chemicals in the above categories are found to disrupt endocrine
systems in humans (and therefore, obviously, in other life forms), and are now
categorised as “Endocrine Disrupters”. Many of the chemicals also do not readily
degrade over time and are categorized as Persistent Organic Pollutants (POPs).

Another aspect that may become an area of concern in the years to come are
the plethora of pharmaceutical chemicals, the unused components of which get
excreted from our body, and obviously find their way to the wastewater stream.

(iii) Wastewater in Urban Areas

In urban areas, wastewater is predominantly from domestic sewage.
However, industrial effluents do find their way into the sewage networks. This is
partly from small scale units that may be located within residential areas. But the
tendency of larger industrial units to dispose their partially treated or untreated
effluent into city’s sewage networks is not uncommon and cannot be overlooked.

“Septage” is septic tank sludge that is a combination of raw primary sludge and
anaerobically produced raw sludge. It has an offensive odour, appearance and
contains significant levels of grease, grit, hair, debris and pathogenic micro-
organisms. As seen in Figure 1, the Census Data of 2011 shows that about 81%
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FIGURE 1: STATUS OF TOILETS AS PER 2011 CENSUS
(CENTRAL PUBLIC HEALTH & ENVIRONMENTAL ENGINEEING ORGANISATION (CPHEEO),
NOVEMBER 2013)

Households by type of toilet facility as per 2011 census

! 1

Household Toilet 81.4 % 18.6 % No Household Toilet

! |

L 4 w L 4 w v L 4

Septic Pit Insanitary (Dry & Sewerage Community Open
Tanks | Latrine Bahao) Latrines Connection Toilets Defecation
382% | 88% 1.7% 32.7% 6% 12.6%

Figure 1.1 Status of Toilets in Urban Households in India

of the urban households have access to a toilet at home. Out of that, 38% of the
toilets are based on septic tanks and only 33% are connected to a sewage network.

Septic tanks receive black and/or grey water and separate the liquid from the solid
components. A septic tank is generally followed by a soak-pit to dispose of the
effluent into the ground. The sludge settled at the bottom and the scum at the top
surface of the sewage is allowed to remain in the tank for several months during
which they are decomposed by bacteria through anaerobic digestion. Septic tanks
are generally provided in areas where a sewerage system is not present and for
catering to the sanitary disposal of sewage produced from isolated communities,
schools, hospitals and other public institutions.

Septic tanks require de-sludging at regular intervals in accordance with its design
and capacity. Often only when a tank gets clogged and filled beyond its holding
capacity is de-sludging done. The overflow from the tank finds its way into

any nearest waterways or land surface and pollutes it. The effluent and sludge
from septic tanks are often rich in phosphates and nitrates. The effluents lead

to saturation of surface soil and water bodies with nutrients posing a threat of
eutrophication to the surface waters. People and animals in contact with these
contaminated areas are susceptible to infections. It also pollutes the groundwater,
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when the sludge percolates. The leachate from the unmanaged septage virtually
disposed on the subsurface can pollute the groundwater. Communities coming in
contact with this contaminated soil or water become susceptible to infections and
water-borne diseases. (Centre for Science & Environment, New Delhi, May 2011)

(d) Current Status of Wastewater Treatment

(i) Sewage Treatment Plants (STP) and Common Effluent
Treatment Plants (CETP):

The status of STPs pan India and of CETPs is summarised in Tables 6 & 7.

TABLE 6 SOURCE CPCB 2016, UPDATED ON DECEMBER 8, 2016

State /UT Number of CETPs
Andhra Pradesh 11
Gujarat 30
Haryana 14
Himachal Pradesh 1
Jammu and Kashmir 1
Jharkhand 1
Karnataka 9
Kerala 5
Madhya Pradesh 1
Maharashtra 27
NCT of Delhi 13
Punjab 4
Rajasthan 14
Tamil Nadu 49
Uttar Pradesh 8
Uttarakhand 4
West Bengal 1
TOTAL 193

TABLE 7: STATUS OF SEWAGE TREATMENT PLANTS - 2015
(CENTRAL POLLUTION CONTROL BOARD, MARCH 2015)

SL.No. Status Nos. Of STPs Capacity (MLD)
1. Operational 522 18883.2
2. Non-operational 79 1237.16
3. Under Construction 145 2528.36
4. Proposed 70 628.64
5. Total 816 23277.36
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As can be seen in data indicated in earlier sections, in 2015, the estimated
sewage generation in the country was 61,754 MLD (CPCB Bulletin, Vol 1, 2016). If
we look at the installed capacity, only 32.5% of the sewage generated could actually
be treated. If only operational STPs are considered, this further drops to 30.5%.

Professor Eldho’s compilation of data matches with the above for sewage.
He further quotes CPCP, 2009 data that only 60% of industrial wastewater, mostly
large scale industries, is treated (Eldho, October 2014).

That means, 70% of the sewage and another significant volume of industrial
effluent (40% in 2009) is untreated and is likely to be finding its way to farm lands
or nearby water bodies or rivers. Going by Prof. Eldho’s observations, the mode of
disposal is:

(ad) Indirectly into the rivers/ lakes/ ponds/ creeks in 118 cities
(ae) On to the agriculture land in 63 cities

(af) Directly into rivers in 41 cities

(ag) Discharged both into rivers and on agriculture land in 44 cities

(ah) In many of the coastal cities, the wastewater finds its way into estuaries,
creeks, bays, etc.

It is, therefore, no surprise that both groundwater and surface water in many
areas in the country are polluted.

(e) Geogenic Pollution of Borewells

Irrational use has led to higher groundwater consumption than recharge.
Groundwater levels have reduced drastically in the last 60 years.

Of all the 5723 blocks assessed across India by the Central Ground Water
Authority, 839 have been found to be over-exploited, 226 are classified as critical,
while 550 are under the semi-critical tag. Thus, as of 2010, around about 29%

of India’s groundwater blocks are considered to be in need of very careful and
judicious action (KPMG International, 2010).

Groundwater contamination is the presence of certain pollutants in groundwater
that are in excess of the limits prescribed for drinking water. The commonly
observed contaminants include arsenic, fluoride, nitrate and iron, which are
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geogenic in nature. Other contaminants include bacteria, phosphates and

heavy metals which are a result of human activities including domestic sewage,
agricultural practices and industrial effluents. The sources of contamination
include pollution by landfills, septic tanks, leaky underground gas tanks, and from
overuse of fertilizers and pesticides.

It has been pointed out that nearly 60% of all districts in the country have issues
related to either availability of groundwater, or quality of groundwater, or both.

Table 8 shows the number of states and districts affected by geogenic
contaminants as of July 2014. (PRS Legislative Research, February 2016)

TABLE 8
Geogenic contaminants Number of affected states Number of affected districts
Arsenic 10 68
Fluoride 20 276
Nitrate 21 387

Iron 24 297
Source: Central Ground Water Board: PRS.

(f)  General Issues Faced in Urban Water Management

All cities are facing water challenges they are not fully equipped to
address. From urbanization to climate change and aging infrastructure
to water security, cities must identify and prioritize short- and long-
term initiatives to sustain or garner a competitive advantage through
water. The key challenges faced are explored below.

(i) Rapid Urbanisation

(ii)  Water Scarcity

(iii) Water Excess

(iv) Aging and Inadequate infrastructure
(v)  Climate Change

(vi) Understanding Water FootprintA product’s water footprint

is the volume of freshwater used to produce goods or
commodities, taking into account the volumes of water
consumed and polluted in different steps of the supply chain. A

Annexures /f\’vfa\\-@_g 317



i{',\g Revitalization of Rivers In India Draft Policy Recommendation

318

distinction is made between: Blue water footprint — Volume of
surface and groundwater consumed as a result of the production
of a good or service

(vii) Green water footprint — Volume of rainwater consumed during
the production process

(viii) Grey water footprint — An indicator of freshwater pollution
that can be associated with the production of a product over its
entire supply chain.

(ix) Direct water use — Refers to the volume of freshwater consumed
by a consumer for concrete activities (e.g. cooking or washing)
or by a business within a local production process.

(x) Indirect water use — Refers to the volume of freshwater that
is embedded in goods that were produced and imported from
different regions, such as food, paper, cotton clothes, or in the
case of businesses, products from earlier stages of the supply
chain. Source: (Water Footprint Network)

4. CURRENT STATUS OF POLLUTION IN RIVERS

(a) Water Quality Monitoring

Central Pollution Control Board (CPCB) is monitoring the water quality of
aquatic resources across the country under a three-tier programme, i.e.
Global Environmental Monitoring System (GEMS), Monitoring of Indian
National Aquatic Resources System (MINARS) and Yamuna Action Plan
(YAP). The present water quality monitoring network comprises of 2500
stations covering 28 States and 6 Union Territories across the country.

The parameters monitored include Total Coliforms Organism, pH, Dissolved
Oxygen and Biochemical Oxygen Demand (BOD).

Maharashtra, Madhya Pradesh and Kerala have the highest number of river
monitoring stations while Delhi, Haryana and Puducherry have the least
number of river monitoring stations.
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(b) Water Quality Management for Discharge into Rivers / Fresh Water
Bodies

The water quality management in India is performed under the provision of
Water (Prevention and Control of Pollution) Act, 1974. The basic objective of
this Act is to maintain and restore the wholesomeness of national aquatic
resources by prevention and control of pollution. The Act does not define
the level of wholesomeness to be maintained or restored in different water
bodies of the country. The Central Pollution Control Board (CPCB) has tried
to define the wholesomeness in terms of protection of human uses, and
thus, taken human uses of water as base for identification of water quality
objectives for different water bodies in the country.

Since the natural water bodies need to be used for various competing as
well as conflicting demands, the objective is aimed at restoring and/or
maintaining natural water bodies or their parts to such a quality as needed
for their best uses.

TABLE 9: USE-BASED CLASSIFICATION OF SURFACE WATERS IN INDIA
(MOEF&CC, 2009)

Controlled Waste disposal . Sodium absorption Ratio Max. 26

. Boron Max. 2mg/|

Designated-Best-Use Class of Criteria
| water
Drinking Water Source A 1. Total Coliforms OrganismMPN/100ml shall be 50 or less
without conventional 2. pH between 6.5 and 8.5
treatment but after 3. Dissolved Oxygen 6mg/| or more
disinfection 1 |4 Biochemical Oxygen Demand 5 days 20 deg C 2mg/l orless
Outdoor bathing (Organised) B 1. Total Coliforms Organism MPN/100ml shall be 500 or less
2. pH between 6.5 and 8.5
3. Dissolved Oxygen 5mg/| or more
4. Biochemical Oxygen Demand 5 days 20 deg C3mg/l orless
Drinking water source after C 1. Total Coliforms Organism MPN/100ml shall be 5000 or less
conventional treatment and 2. pH between 6 to 9
disinfection 3. Dissolved Oxygen 4mg/| or more
4. Biochemical Oxygen Demand 5 days 20 deg C 3 mg/| or less
Propagation of Wildlife and D 1. pH between 6.5 to 8.5
Fisheries i 2. Dissolved Oxygen 4mg/| or more
3. Free Ammonia (as N) 1.2 mg/l or less
Irrigation, Industrial E 1. pH between 6.0 to 8.5
Cooling, 2. Electrical Conductivity at 25 deg C micro mhos/cm - Max.2250
3
4
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Thus, a concept of “Designated Best Use” (DBU) was developed. According
to this concept, out of several uses a water body is put to, the use which
demands the highest quality of water is termed as “designated best use”,
and accordingly the water body is designated to that. Primary water quality
criteria for different uses have been identified. A summary of the use-based
classification system is presented in the Table 9 (Centre Pollution Control
Board, February 2015).

(c)

(i)

(ii)
(iii)

(d)

Clae

(i)

Causes of Pollution of Rivers
The typical causes of pollution of rivers are the following:

Domestic Sewage, often mixed with storm water
Industrial Effluents

Agricultural Chemicals Run-offs

Extent of Pollution of Rivers

Based on the long term assessment of water quality data, 275 rivers
out of 445 rivers monitored under the National Water Monitoring
Programme are identified as polluted. The sources of pollution range
include sewage, industrial effluent and chemicals from agricultural
run-off.

The river stretches not meeting the prescribed criteria are designated
as polluted stretches. As the level of BOD varies widely in river
stretches the same polluted stretches are prioritized in five categories
as follows:

Priority Class I: Monitoring locations exceeding BOD concentration

30 mg/1 has been considered as the standard of a sewage treatment
plant and in a river it appears without dilution. (River locations having
water quality exceeding discharge standards for BOD to fresh water
sources)
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(ii) Priority II: BOD 20-30 mg/]
(iii) Priority III: BOD 10-20mg/1
(iv) Priority IV: BOD 6-10 mg/1
(v) Priority V: BOD 3-mg/1
Table 10 summarises the number of polluted stretches.

Maximum percentage of polluted river stretches is in the states of Maharashtra,
Assam and Madhya Pradesh.

TABLE 10: (CENTRE POLLUTION CONTROL BOARD, FEBRUARY 2015)

Priority Number of Stretches
Priority I 34
Priority II 17
Priority ITI 36
Priority IV 57
Priority W 158
Total 302

5. CURRENT TREATED WATER STANDARDS

Of interest to us in this document are wastewater streams that reach the river,
treated or otherwise. The other area of interest is the possibility of treated
wastewater for use in irrigation.

The Gazette Notification related to treated effluent standards for various
industries and CETPs have been uploaded on the website of MoEF&CC (http://
www.moef.nic.in/environmental_standards). The industries are expected to treat
their effluents to meet the standards, and the State Pollution Control Boards are
responsible for ensuring these are adhered to.

PO
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The Economic Times had reported in June 2015 that CPCB was expected to bring
in a revised norm for Sewage Treatment Plant discharge. It is not clear if these
notifications have been issued. However, a Draft Notification issued on 24 Nov
2015 by MoEF & CC titled “Standards for Sewage Treatment Plants along with Time
Frame for Implementation” proposes the following standards (Table 11). It goes on
to add that existing STPs are expected to achieve these standards within 5 years of
the notification.

TABLE 11
Sk Industry Parameters Standards for New STPs (Design after
No. notification date)*
Sewage pH 6.5-9.0
Treatment Plant
BOD 10
COD 50
TSS 20
NH,-N 5 n
N-total 10
Fecal Coliform <100
(MPN/100ml)

| Note:
(i) All values in mg/l except for pH and Coliform.
(ii) These standards will be applicable for discharge in water resources as well as
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TABLE 12

Objective of treatment Primary targets of concrete measures

Removal of Geogenic Iron, manganese, turbidity, odour, taste, arsenic,

Substances nickel, fluoride

Removal of Anthropogenic Nitrate, organically bound carbon, bacteria, viruses and

Substances parasites, pesticides

Increase of the Shares of Swimming pools (filling water), Industry (food

Recycled Water industry) Row water (bank filtration, groundwater
recharge)

Protection of Distributed Prevention of corrosion, Prevention of sedimentation,

Network Prevention of bacterial growth

Technical Suitability Softening of drinking water, miscibility of different
waters

Table 12, derived from the 2007 article titled “Drinking water quality:
Requirements claimed by National and International Standards” by Hartmut
Bartel, (Bartel, 2007), although written in the context of raw water treatment to
produce drinking water, is eminently applicable to treated wastewater particularly
when we want to consider its treatment, distribution and application for irrigation
in organic farms.

6. CHALLENGES OF TREATED WATER QUALITY MONITORING

In the absence of fool proof monitoring and authenticity of water quality test
reports, the performance of STPs and ETPs cannot really be ascertained.

Conventional Water Quality Test procedures are lengthy and most STPs/ ETPs
maintained in house laboratories are non-functional. The frequency of sampling
is usually very low (varies from once in a week to once a month; rarely once in a
day). Online real time monitoring sensors and systems available today are the way
ahead.

This needs to be coupled with effective inspection by regulatory agencies.
Currently, lack of ethics among many pollution regulators renders the law
enforcement weak.
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Conventional STPs and ETPs also generate a large amount of greenhouse gases.
Monitoring air quality is entirely uncharted territory at the moment. The quality
of air is equally or even more important for human health as compared to water
quality. With advancement of technologies of air quality, such quality monitoring
stations need to be established to improve the safety standard of STPs and ETPs.

7. LIMITATIONS / PROBLEMS IN CURRENT WASTEWATER
MANAGEMENT SYSTEM:

The gross mismatch between wastewater generation and available operational
STPs has already been discussed earlier in this annexure. But apart from this there
are other issues that merit mention:

(@) Concerns about Disposal of Untreated Sewage

As has been mentioned earlier, 70% of the sewage and another significant
volume of industrial effluent (40% in 2009) is untreated and is likely to be
finding its way to farm lands or nearby water bodies or rivers. The mode
of disposal is indirectly or directly into rivers/ lakes/ ponds/ creeks, or on
agricultural land (Eldho, October 2014).

When disposed into water bodies and rivers, one direct implication is the
contamination with nutrients (like nitrates and phosphates), which can
lead to eutrophication of the water body. The other direct risk is on health
of users of the water due to pathogens and, in case of industrial effluents,
toxicity of the chemicals / heavy metals released. If improperly and
continuously discharged into the ground, this can lead to contamination of
the groundwater also.

But another lesser known, but long-term issue, relates to the loss of
phosphorus from its natural cyclic process. This issue is dealt at length in a
subsequent section.

(b) Limitations of Centralised Wastewater Collection:

Having a sewage collection network that spans an entire city can potentially
have the following problems:
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Onlyone-thirdoftheurbanhouseholdsareconnectedto
a sewerage system.

Only one-third of total wastewater generated is collected

in Class I and Class II cities. Only 300-0dd cities in India are
estimated to have a sewerage network in place. For a set of
1,400 cities, collection efficiency is merely 10 percent.

Sewerage networks, where they exist, are badly
maintained. There are frequent blockages, siltation,
missing manhole covers, and gully pits. There is hardly
any preventive maintenance, and repairs are made only
in case of crises. Often storm water enters sewers, which
are not designed to take these loads, leading to overflow
onto the surrounding areas. Improper disposal of solid
waste also tends to block sewer lines (Wankhade, 2015).

Thereisasignificantcostassociatedwithitssetup,and
adds to the overall cost of centralised treatment setup.
These costs cannot be generalised as it depends on the
size and density of the city.

Often, the STP is set up but the sewage collection
network lags behind, resulting in highly under-loaded
operation of the STPs for a prolonged number of years.
During this phase, although the STP is available, sewage
continues to get disposed outside of the network.

Atanypointintimetherearerisksofleaksinthesewage
network. This can add to the already existing risk of
groundwater contamination by sewage loaded with
pathogens and nutrients. The same breach provides an
access point for storm water into the sewer network
during rains, which leads to overloading the STP.

Sometimes sewage networks are set up but the
population build-up to contribute to the sewage is
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slow. In such cases, the sewage flow is very small and
not adequate enough in flow rate to be transported to
the STP. This will settle down and solids and sludge

will accumulate in the pipes along the way, leading

to choking of the network. This will lead to anaerobic
conditions resulting in gas (methane, hydrogen sulphide,
ammonia, etc.) build-up. It also results in sewage build-
up and overflowing out of the network through the
manholes located before the choking point. The toxic gas
also poses serious health and accident risk to workers
who may enter the sewer pipes to clear the choked
points.

(c) Concerns about Underground Sewerage Piping System for Sewage

Transport: (Information that follows is based on a personal conversation
with Dr. Biplab Patnaik, Founder MD, Life Link Eco Technologies Pvt. Ltd.
(www.lifelink.in))

Traditionally, most Indian cities have open channels for a storm water
drainage system which eventually serves as a transport channel for sewage
and effluent from human habitation and small scale industries not having
captive ETPs.

This is generally considered unhygienic, and therefore, under JNNURM
funding, many cities have been provided financial assistance to lay an
underground sewerage system to transport sewage to a centralized STP/ETP.

Laying of a sewerage system, involves a huge amount of earth work
excavation, and consequently, involves huge cost. Therefore, to reduce

the cost of laying, sewer lines are always laid for full flow gradients only.

As full flow is not obtained in most situations, the required self-cleansing
velocities are not obtained, leading to stagnation due to accumulation of grit,
polythene bags, diapers and sanitary pads, and other such deposits, and the
sewer lines get choked and start overflowing from the manholes, leading to
unhygienic conditions and a lot of inconvenience to the road users and other
local residents.
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Besides, when manhole covers are opened for maintenance, the poisonous
gases generated inside the system come out. These gases are very dangerous
to the health of all life forms, and in particular, the sewer line cleaning
workers.

Further, it is almost impossible to detect any damage to the underwater
sewage pipelines. The resultant leakage of sewage is likely to contaminate
the public water supply lines and ground water anywhere along its
transmission path.

Lastly, carrying the sewage to the common collection point, and lifting the
sewage for its processing also involve huge capital investments and recurring
expenses due to energy involved in pumping.

Most of the Class-II cities still have open channels for the disposal of
sewage. Hence, the wisest way would be to use the existing channel sewerage
network system with suitable modifications. This will avert all the problems
associated with underground sewerage systems, apart from saving of a huge
sum of money. Such designs are available for implementation.

There has to be a parallel system for storm water drainage alongside open
channel for sewage transport in order to avoid intermixing of sewage with
storm water. And the underground drainage network is best suited for storm
water drainage.

Limitations of Centralised Wastewater Treatment

The centralised STPs also face and result in problems in their operation and
maintenance. Some issues are listed below:

i) It is vulnerable to major fluctuations in hydraulic loads in
case there are breaches in the sewage network... low flow
in non-monsoon period and overload due to storm water
ingress in monsoon. This leads to improper functioning of the
STP, resulting in poor quality of treated water and need for
additional expenses in maintenance.

(ii) Electricity requirement is continuous for its effectiveness of
treatment. Erratic electricity availability will seriously affect
quality of treatment.
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(iii) Energy requirements are very high and sustained, although
system may be under-loaded.

(iv) Any downtime in a centralised system means the entire sewage
arriving needs to be disposed as such or otherwise managed
pending repairs.

(v) Sludge management is usually an issue due to the smell,
particularly during rains. Often, sludge is simply disposed of
as solid waste. Such disposal means loss of valuable nutrients,
including phosphorus.

(vi) Nitrate management in conventional systems is inefficient.
This can result in nutrients build up particularly if treated
water is disposed in a surface water system like ponds or rivers.
Potentially these nutrients can lead to eutrophication of the
water body or river, affecting the other life forms in the water
body.

(vii) Permanent loss of phosphorus to aquatic sediments due to
improper / inadequate treatment.

(viii) The treated water from Centralized STPs are available at the
extreme end of cities and it is cost prohibitive to reach the
treated water back to the consumer for secondary usage.
This, among other reasons is a case for decentralised STPs.

(e) Concerns about Industrial Effluents

Proper treatment and subsequent reuse of industrial effluent is still a goal by
and large not achieved yet. This is largely due to a lack of commitment on the
part of the effluent generator, which in turn stems from lack of strictness,
and loopholes in the enforcement of norms by the regulators. The incentives
for compliance and punitive action for non-compliance are probably
inadequate and ineffective, given that wastewater is only now beginning

to be seen not as a problem to be disposed of, but as a resource that can be
utilised.

Given this background, the typical pollution related issues that stem from
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industrial effluents are:

(i)

(ii)

Choice of an improper or inadequate ETP, leading to inadequate
treatment, and thereby the effluent, although technically treated, is
not safe enough for discharge. CETPs are particularly vulnerable from
this context, as they cater to a multiple, diverse industrial processes.

Perception that expenses on ETP is a wasted / unwanted expense. This
creates an additional organic and inorganic load (including toxins) on
the centralised STP (which is not designed to handle toxic effluents),
or directly contaminates the water body, river or land, if not treated at
all. In some cases, this way of disposal actually damages the sewerage
network itself, which is not designed to transport toxic or corrosive
fluids. Typical attempts to short-cut the process include the following:

(aa) Have an ETP for name’s sake, but surreptitiously dispose the
effluent into the nearest sewer / storm water line, either by the
polluter or a hired contractor.

(ab) Run the ETP only for name’s sake, either for few hours in a day
or run it only prior to visit by the regulator.

Challenges faced by CETP Units:

(ix)

(x)

(xi)

Existing treatment schemes are unable to handle ever-increasing
hydraulic load, new pollutants, and increasingly stringent regulatory
norms.

Improper technological combination for wastewater treatment is
discouraging water reuse and recycling.

Poor management of treatment units.

(xii) No separate treatment units to deal with hazardous and toxic

effluents.

(xiii) Dismal percentage of water reuse practice in industries.

(xiv) Lack of access to capital investments and working capitals.
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(g) Loss of Phosphorus from Nature’s Cycle

Phosphorus is a non-renewable resource, quite limited in availability (unlike
nitrogen) in the bio-geo-chemical cyclical process of Nature.

The Phosphorus Cycle in natural terrestrial ecosystems is completely cyclic,
involving its uptake into plants, followed by animals on land, and thereafter,
its return back to the soil through urine and excreta on a regular basis and as
dead plant and animal biomass at the end of their life process.

However, in today’s anthropocentric world, the cyclic nature of the
phosphorus use is broken, and phosphorus leaks out from terrestrial
ecosystems into the aquatic ecosystems, which first creates problems like
eutrophication and secondly, is lost almost permanently. This loss is taking
place through modern agro-chemical practices and modern day sanitation
and sewage systems, which leaches significant amounts of nutrients into the
surface and ground waters.

To compensate for this loss, artificial application of phosphorus based
fertilisers is resorted to, which is mined from phosphate rock, found only in
limited quantities in very few places on the planet (Table 13).It is important
to note the following:

(a) Phosphate is a critical resource largely misused and now running low.

(b) Phosphate rock is the world’s main source of phosphorus fertiliser.
It is a non-renewable resource that has taken 10-15 million years to
form from seabed to soil via tectonic uplift and weathering (Global
Phosphorus Research Initiative, 2017).

It takes one ton of phosphate to produce every 130 tons of grain, which is
why the world mines about 170 million tons of phosphate rock every year to
ship around the world and keep soils fertile. (Pearce, July 2011)

All farmers needs phosphorus, yet, 85—-90% of the world’s reserves of
phosphate rock is controlled by just five countries (Morocco, China, Algeria,
Syria and South Africa).

Bou Craa, in Western Sahara, now under the political control of Morocco,
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United States
Algeria
Australia
Brazil
Canaga
China”
Egypt

India

Irag

Israel
Jordan
Kazakhstan
Mexico

Morocco and Western Sahara

Peru

Russia

Saudi Arabia

Senegal

South Africa

Syria

Togo

Tunisia

Vietnam

Other countries
World total (rounded)

Mine production

2013
31,200
1,500
2,600
6,000
400
108,000
6,500
1,270
250
3,500
5,400
1,600
1,760
26,400
2,580
10,000
3,000
800
2,300
500
1,110
3,500
2,370
2 580
225.000

2014°
27,100
1,500
2,600
6,750

100,000
6,000
2,100

220.000

Reserves®

1,100,000
2,200,000
1,030,000
270,000
76,000
3,700,000
715,000
35,000
430,000
130,000
1,300,000
260,000
30,000
50,000,000
820,000
1,300,000
211,000
50,000
1,500,000
1,800,000
30,000
100,000
30,000
300,000
&7.000.000

TABLE 13: PHOSPHATE ROCK - WORLD MINE PRODUCTION RESERVES (KILO
TONS) (U.S. GEOLOGICAL SURVEY, JANUARY 2015)

is a mine containing one of the world’s largest reserves of phosphate rock.

(Pearce, July 2011)

Morocco is the world’s largest exporter and India is the largest importer.

(Pearce, July 2011)

While our bodies only need around 0.4 kg of P each year (1.2 g per day), we
are mining 22.5 kg of phosphate rock for each person’s diet. Between the
phosphate rock mine and the food in our stomachs, up to 80% of P is lost in
the process from fertilizer production, application on fields, uptake by crops,
food processing and retailing and final consumption. (Global Phosphorus

Research Initiative, 2017)

Each year, the human population produces 3 million tonnes of phosphorus
in our urine and faeces globally (Global Phosphorus Research Initiative,
2017). These can, potentially, be easily recycled and brought back into our

agriculture system.
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Figure 2 and Graph 5 explain this scenario.

FIGURE 2 PHOSPHATE ROCK - WORLDWIDE RESERVE ESTIMATES
(ECOSANRES, STOCKHOLM ENVIRONMENT INSTITUTE, MAY 2008)
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GRAPH 7: PHOSPHATE ROCK - YEARS OF EXTRACTION REMAINING BASED ON

CURRENT RESERVES FROM 2006 USING A 2% YEARLY INCREASE (SOURCE: USGS)
(ECOSANRES, STOCKHOLM ENVIRONMENT INSTITUTE, MAY 2008)
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8. CURRENT WATER POLLUTION MITIGATION OPTIONS
(a) Policy Overview

(i) Presently there are NO separate regulations/ guidelines for safe
handling, transport and disposal of wastewater in the country.

(ii) As per the Constitution of India (Item No. 5 & 6 of the 12th Schedule of
Article 243 W), Water supply and Sanitation is a State subject

(iii) 74th Constitution AmendmentAct1992, providesaframeworkand
devolves upon the urban local bodies for providing water supply and
sanitation facilities in urban areas.

(iv) Ministry of Environment and Forests (MoEF), gives technical and
financial support schemes for treatment of effluents generated from
SSI units located in clusters.

(v) The existing policies for regulating wastewater management are
based on certain environmental laws and certain policies and legal
provisions like:

(aa) Water Prevention and Control of Pollution Rules, 1975

(ab) National Environment Policy, 2006

(ac) National Sanitation Policy, 2008

(ad) Hazardous Waste (Management and Handling) Rules, 1989
(ae) Municipalities Act; District Municipalities Act

(b) Technologies for Wastewater Treatment
(i) Centralised

(aa) Old-age Natural Systems: Although no longer preferred as solutions
there are some old ones still in use.

Oxidation Pond

Waste Stabilisation Pond

Aerated Lagoons

Constructed Wetlands

(ab) Conventional Treatment Systems: These kind of systems are
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predominant as on date.
e Activated Sludge Process (ASP)
e Extended Aeration
e Upflow Anaerobic Sludge Blanket (UASB)
e Trickling Filter (TF)

(ac) Some Recent Technologies: These kind of systems are recent but are
getting increasingly popular

e Sequential Batch Reactor (SBR)
e Membrane Bioreactor (MBR)
e Moving Bed Biofilm Reactor (MIBBR)
e Integrated Membrane Processes (UF-RO, MBR-RO, UF-RO-
EDR)
(ii) Decentralised

(aa) Conventional Systems:

Many of the above mentioned centralised systems are available for use at
a decentralised level. More popular among them are ASP, SBR, MBR and
MBBR.

(ab) Membrane based treatment systems:

Over the past three decades, there has been a world-wide increase in the
number of water treatment plants employing cost-effective membrane
based wastewater treatment technologies involving membrane bioreactors
(MBR) and reverse osmosis (RO). Such technologies have been successfully
developed and applied in countries such as Singapore (e.g. NEWater process
for wastewater reuse). These can be leveraged for decentralised treatment
applications in India at point of generation of waste to prevent direct
discharge into rivers, lakes and other aquifers. However, the management of
rejects from RO Plants will need to be properly and effectively addressed.

(ac) Alternative Systems:

As the names suggest, the alternative systems differentiate themselves by
undertaking wastewater treatment using methods / pathways that deviate
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significantly from conventional approaches.
° Decentralised Wastewater Treatment System (DEWATS):

This is a system that is based on anaerobic processes. It consists of:
» Settling Tank

» Anaerobic Baffled Reactor
» Anaerobic Filter
» Planted Gravel Filter

DEWAT systems are typically set up for up to 1 MLD wastewater. It is low on
energy use, and the water is typically suitable for irrigation. For non-contact

applications like flushing, etc. that require higher quality water, additional
polishing may be needed.

Since there will be residual nutrients in the treated water, this is not safe
enough for release into water bodies without further polishing.

This is an approved technology by (Ministry of Environment, Forests &
Climate Change (MoEF&CC, 2009) and Ministry for Drinking Water &
Sanitation <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>