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GLOSSARY
DEFINITIONS
Aquifer

A volume of rock which allows a significant
amount of water to flow and to be pumped out.
The productivity of an aquifer is determined by
the amount of water it stores (porosity) and how
easily water can flow within it (permeability).

Common pool resource
(CPR)

Natural or man-made resources used
simultaneously or sequentially by members of a
community or a group of communities. They
include rangelands, forests, seasonal ponds,
wetlands and groundwater aquifers.

Community-based
groundwater management

Management of groundwater at a community
level with user-based institutions devising rules,
monitoring arrangements and sanctions to
control groundwater access and/or withdrawal.

Community-level waterfocussed interventions

A wide range of interventions, from the relatively
untested community-based management
approach examined in this document, to the
ubiquitous water harvesting techniques - gully
plugs, check dams and percolation ponds etc
employed in watershed development
programmes.

Conventional groundwater
management

A centrally driven 'command and control'
approach based on regulation and formally
defined water rights as key management
instruments. The approach focuses on basic
hydrological units - aquifers or surface water
basins - and aims to achieve a balance between
water flows into and out of these units.

Coping mechanisms

Ad-hoc measures undertaken by those directly
or indirectly reliant on groundwater in response
to declining well yields. For example, a
reduction in crop area, shifts to less waterreliant livelihoods and seasonal or permanent
migration.

Groundwater overabstraction (overdraft)

Groundwater abstraction that is unsustainable
in the longer term as abstraction rates are
greater than the infiltration of rainfall. The
timing, extent and severity of the impact will be
dependent on local climatic, geological and
socio-economic conditions.

Indirect policy instruments
to address groundwater
problems

Interventions that indirectly affect the use of
groundwater, for example: electricity pricing and
supply policies; subsidies and taxes on
irrigation equipment; and incentive
mechanisms to align cropping patterns with the
water endowments of regions

Livelihoods-based
Policy approaches that encourage livelihood
approaches to groundwater diversification or adaptation to reduce reliance
problems
on limited local water budgets.
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ACRONYMS
ACWADAM

Advanced Center for Water Resources
Development and Management

APRLP

Andhra Pradesh Rural Livelihoods Programme

AWP

Arwari Water Parliament

BGS

British Geological Survey

CGWB

Central Ground Water Board

Comman

Community Management of Groundwater
Resources in Rural India

CPR

Common pool resources

DFID

Department for International Development, UK

GPP

Gram Gourav Pratisthan

IDS

Institute of Development Studies, Jaipur

IWRM

Integrated Water Resources Management

KaR

Knowledge and Research Programme

KAWAD

Karnataka Watershed Development Project

NGO

Non-governmental organisation

NWP

National Water Policy

ODI

Overseas Development Institute

PIP

Policies, institutions and processes

PRI

Panchayati Raj Institutions

SWOT

Strengths, weaknesses, opportunities and
threats analysis

TBS

Tarun Bharat Sangh

VIKSAT

Vikram Sarabhai Centre for Development
Interaction

VWC

Village Water Council

WHiRL

Water Households and Rural Livelihoods

WTC

Water Technology Centre, Tamil Nadu
Agricultural University
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SUMMARY
The Problem
The use of groundwater in India has grown enormously since the 1960s. Today,
groundwater provides a critical source of domestic and irrigation water, and
also underpins efforts to reduce vulnerability, support livelihoods and sustain
food security. This reflects the fact that groundwater can be accessed relatively
easily and cheaply and provides a reliable, and usually high quality, source of
supply.

Addressing the problem of groundwater
overdraft in India is a subject of major debate.
Conventional wisdom prescribes a mix of
regulatory and economic reforms to control
A large diameter well, Coimbatore District,
groundwater use and balance demand and deepened due to declining groundwater levels
supply. Implementing such reforms, however,
and creating management organisations with the mandate, reach and capacity
to influence the decisions of millions of groundwater users, is a huge challenge.
Against this background, the development of user group institutions for
groundwater management is an attractive idea, particularly in the context of
political and administrative decentralisation, and the shift towards more
bottom-up planning processes.

© BGS

In many areas of India, however, there is
increasing evidence that the intensity of
groundwater exploitation is not sustainable - as
a result of sustained periods of abstraction that
exceed long-term rainfall recharge or cause
significant localised dewatering of aquifers and that well yields are decreasing. The reduced
access to groundwater may disproportionately
affect poorer households - for example assetpoor farmers locked into the groundwater
economy - and those dependent on shallow,
community wells for their drinking water.

The Project
The potential for local, user-based approaches to groundwater management is
the subject of the DFID-funded research project 'Community
Addressing
management of groundwater resources in rural India' (Comman),
funded by the UK's Department for International Development (DFID) groundwater
under its Knowledge and Research (KaR) Programme. The primary aim
overdraft in
of the Comman Project has been to assess the feasibility of applying
local, user-based approaches to groundwater management as a means
India is a
of mitigating, or avoiding, groundwater depletion problems in rural
complex
areas. The aim of this report is to locate the findings of the Comman

problem
1
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Project in terms of the feasibility of community-based responses, in the wider
context of the groundwater management debate in India, and so to guide those
developing policy pertaining to the problems of groundwater overdraft.

An irrigation well in Rajasthan with 3 diesel engines

The project specifically addresses problems
occurring in rural areas resulting from overabstraction of groundwater for agricultural
production. Although community-based
management has been attempted in forest,
watershed and other natural-resource contexts,
the viability of the approach has not been
explored for groundwater management. The
project focuses on the groundwater resource,
taking as its starting point the conventional
meaning of groundwater management, as
defined below.

Supply augmentation and demand
management to achieve an abstraction rate sustainable in the long-term with
a buffer for use in periods of drought, to address a predefined structure of
demand.
Although groundwater resource problems are often accompanied by problems
of groundwater quality, time and budgetary constraints did not permit the
project to address quality issues specifically. However, the discussion of
approaches to resource-related issues is relevant to those required to address
accompanying water quality problems.
The Comman Project is based on close collaboration between a number of
Indian and international NGOs and research institutes. Specifically: the British
Geological Survey (BGS); the Overseas Development Institute (ODI); the
Institute for Social and Environmental Transition (ISET); the Vikram Sarabhai
Centre for Development Interaction (VIKSAT); the Institute of Development
Studies Jaipur (IDS); the Water Technology Centre (WTC) of the Tamil Nadu
Agricultural University; and the Advanced Center for Water Resources
Development and Management (ACWADAM). Collaboration on the project has
focussed on a series of village case studies, with supporting desk-based reviews.
The main detailed case studies have been undertaken in the Aravalli Hills of
Gujarat (led by VIKSAT), the Arwari Basin in Rajasthan (led by IDS) and
Coimbatore District, Tamil Nadu (led by WTC). In addition, more limited
assessments (referred to in the project as reconnaissance case studies, led by
ACWADAM) were carried out at locations where there was evidence of some form
of groundwater management by local users.
Key research questions explored in the detailed case studies included:

2

l

how have levels and patterns of groundwater use evolved?

l

what drives groundwater abstraction?

l

what are the effects of groundwater overdraft in each area?

l

who has been negatively affected by groundwater overdraft, and how have
people and institutions responded?

MANAGING GROUNDWATER RESOURCES IN RURAL INDIA

l

how effective have existing responses been in mitigating the impacts of
overdraft? and

l

could community-based initiatives for managing small parcels of
groundwater (as opposed to whole aquifers) solve some or all of the problems
resulting from groundwater overdraft?

The Guidance
The groundwater challenge facing India is the shift from development
(facilitating further exploitation of groundwater) to management. This report
examines the feasibility and potential
effectiveness of different management
approaches, including community-based
management of groundwater resources.

© BGS

Chapter 2 begins by examining conventional
approaches to addressing over-abstraction
problems, based on direct regulation. Chapter 3
then assesses whether community-based
approaches to groundwater management offer
potential
remedies,
summarising the
conclusions of the Comman Project research.
A small check dam in Coimbatore District
Chapter 4 draws together insights from the
previous chapters, setting out the core findings of the Comman Project. These
are, in brief:
1. Community-based strategies are unlikely to be effective as a principal
response strategy for addressing groundwater overdraft.
In some circumstances, communities can mobilise around demandside management, limiting resource access and/or use in pursuit of
agreed objectives. However, circumstances are restricted, and the
benefits generated do not add up to a primary strategy for
balancing demand and supply. In general, small groups are
The
unlikely to be able to retain the water they conserve, even if
groundwater
agreements on abstraction and use can be reached; the range
of interests within communities - in many cases growing with
challenge:
livelihood diversification - makes objective setting around
demand management objectives more difficult; and the
shift from
perceived legitimacy of customary groundwater rights
development
continues to create strong disincentives for collective
management.
to management
2. Community-level watershed activities aimed at increasing the
productivity of land and water can, however, generate substantial
benefits for local people by :
a. Increasing the social and economic returns to limited available water
resources;

3
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b. Increasing the retention of moisture in the soil, enabling rural
households to grow crops where none would otherwise be possible;
c. Enhancing water availability in wells within the small command
areas of recharge structures;
d. Providing a critical buffer of water supply for rural communities.
Communities can use this to meet essential requirements for
drinking, livestock watering and, in some cases, irrigation during
droughts.
In conjunction with other watershed interventions, therefore,
community-based approaches aimed at restricting demand may help
mitigate the adverse impacts of groundwater overdraft on livelihoods.
Attributing benefits to different types of intervention is difficult though.
A tentative conclusion is that even at a local level, livelihood
improvements may have more to do with soil moisture conservation and
better land management than with impacts on groundwater conditions
and local-regional water balances.
3. Conventional, regulatory approaches to groundwater management are
also unlikely to be effective in reducing groundwater abstraction to
sustainable levels across the large aquifers at risk in many rural areas.
Conventional approaches are based on technical, institutional and
political preconditions that are difficult to meet, and cannot be easily
applied to situations where groundwater is being abstracted by many
thousands of small-scale users. However, such strategies could be
implemented on key urban aquifers where widely shared services are
threatened, and political support for action is more readily mobilised.

© BGS

4. Neither conventional nor community-based strategies are likely to 'solve'
overdraft problems in a general sense and maintain livelihood systems
based on intensive groundwater use. More attention should therefore be
devoted to processes that:

Power looms in a village in Coimbatore District

a.

Increase the efficiency of groundwater
use (i.e. ensure that the social benefits
derived from groundwater use are
maximised);

b.

Anticipate and proactively support the
adaptation of households, communities
and regions to other forms of livelihood as
intensive irrigated agriculture becomes
increasingly less viable in locations where
overdraft is severe;

c. Safeguard domestic water supplies, since
this is the minimum requirement for
households to remain in a region and undertake any form of

4
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d. Increase the effectiveness of the wide variety of community
responses to water scarcity, including the design and targeting of
groundwater recharge activities.
Chapter 4 outlines this more process-driven, less prescriptive approach to
assessing groundwater problems and selecting interventions. Potential
courses of action in each of the case study areas are also presented.

5
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1. INTRODUCTION
1.1 Project background
The use of groundwater in India has grown over the past 40 years to levels that
threaten the water security of future generations. In addition to providing
essential drinking water and irrigation, groundwater
also supports livelihoods and food security. Growing
reliance on groundwater stems from its easy access,
its relatively low cost and good reliability and because
groundwater is generally of high quality.

© BGS

In many areas of India, however, there is increasing
evidence that the intensity of groundwater
exploitation is not sustainable - as a result of
sustained periods of abstraction that exceed longterm rainfall recharge or cause significant localised
dewatering of aquifers - and that well yields are
decreasing. The reduced access to groundwater may
disproportionately affect poorer households - for
example asset-poor farmers locked into the
groundwater economy - and those dependent on
shallow, community wells for their drinking water.

How to tackle the problem of groundwater overdraft Prior to mechanised pumps, water was lifted
from wells by mhots - large leather pouches
in India is a subject of major debate. Conventional pulled by cattle
wisdom prescribes a mix of regulatory and economic
reforms to control groundwater use and balance demand and supply.
Implementing such reforms, however, and creating management organisations
with the mandate, reach and capacity to influence the decisions of millions of
groundwater users, is a huge challenge. Against this background, the
development of user group institutions for groundwater management is an
attractive idea, particularly in the context of political and administrative
decentralisation and the growing role of communities in service delivery and
other types of natural resource management.
The potential for local, user-based approaches to groundwater
Reduced access
management is the subject of the DFID-funded research project
to groundwater
'Community management of groundwater resources in rural India'
(Comman), funded by the UK's Department for International
disproportionately
Development (DFID) under its Knowledge and Research (KaR)
Programme. The primary aim of the Comman Project has been to
affects poorer
assess the feasibility of applying local, user-based approaches to
households
groundwater management as a means of mitigating, or avoiding, groundwater
depletion problems in rural areas. The aim of this report is to locate the findings
of the Comman Project, in terms of the feasibility of community-based responses,
in the wider context of the groundwater management debate in India. As such, it
is intended as a guide to policy makers developing strategies for addressing the

7
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problems of groundwater overdraft rather than a set of project-level guidelines
for implementing schemes for community management of groundwater
resources.
The Comman Project has involved a close collaboration of Indian and
international NGOs and research institutes. Specifically:
l

Groundwater Systems and Water Quality Programme of the British
Geological Survey (BGS), based in Wallingford, Oxfordshire;

l

Water Policy Group of the Overseas Development Institute (ODI), based in
London;

l

Institute for Social and Environmental Transition (ISET), based in Colorado,
USA;

l

Vikram Sarabhai Centre for Development Interaction (VIKSAT), an NGO
based in Ahmedabad, Gujarat;

l

Institute of Development Studies (IDS), a research and teaching institute
based in Jaipur, India;

l

Water Technology Centre (WTC) of the Tamil Nadu Agricultural University;

l

Advanced Center for Water Resources Development and Management
(ACWADAM), an NGO based in Pune, Maharashtra.
Figure 1.1 Locations of project case studies (adapted from
Map of India developed by KNVL, Pune)
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Both VIKSAT and the Water Technology Centre have valuable experience in the
implementation of community-based interventions, however, the primary focus
of the four Indian NGOs is research and development.
Collaboration on the project has focussed on a series of village case
Comman Project:
studies, with supporting desk-based reviews. The main detailed
collaboration
case studies have been undertaken in the Aravalli Hills of Gujarat
(led by VIKSAT), the Arwari Basin in Rajasthan (led by IDS) and
between Indian
Coimbatore District, Tamil Nadu (led by WTC). In addition, more
and International
limited assessments (referred to in the project as reconnaissance
case studies) were carried out at locations where there was
NGOs and
evidence of some form of groundwater management by local users. These were
undertaken by the four Indian NGOs, coordinated by ACWADAM.
These
Research
Institutes
reconnaissance case studies were carried out on: the Pani Panchayats of
Maharastra; Neemkheda village, Madhya Pradesh; the well recharge movement
in Saurashtra; and the Karnataka Watershed Development Project.

l

How have levels and patterns of groundwater use evolved?

l

What has driven groundwater
abstraction, in terms of the
interaction between local (contextspecific) factors and broader
political and socio-economic
processes?

l

What has been the result of
groundwater overdraft in each
area, in terms of changing
groundwater conditions and their
socio-economic impacts?

l

Related to the above, who has been
A check dam in the Arwari River Basin
negatively affected by groundwater
overdraft, and how have people and institutions responded?

l

How have existing responses mitigated the impact of overdraft, if at all?

l

Could community-based initiatives to manage groundwater (as opposed to
whole aquifers) solve some or all of the problems resulting from groundwater
overdraft?

© BGS

The key research questions explored in the detailed case studies were:

To address these questions, researchers assessed water and livelihoods at
village and household levels and explored policies, institutions and processes
(PIPs) that might bear on groundwater management. Fieldwork was carried out
in late 2002 and early 2003, following a workshop on project methods and tools.

9
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1.2 Nature of the groundwater over-abstraction problem
Groundwater plays a significant role in India's economy and will continue to
help shape its future development. The rapid increase in the use of
groundwater, primarily for irrigation, has
contributed significantly to the agricultural
and overall economic development since the
1960s. However, in many arid and hard-rock
areas of the country, this level of groundwater
development is not sustainable; yields from
groundwater sources are declining with
serious implications for agricultural
production and drinking water supplies.

© BGS

Groundwater accounts for roughly 80 per cent
of water for domestic use in rural areas and
around half of urban and industrial
consumption (World Bank and Ministry of
A group of farmers have joined resources to drill a borehole
Water Resources - Government of India 1998).
in the Satlasana area of Gujarat. Three previous attempts
had found little water
It is also essential for agriculture. Shah et al.
(2003a) estimate that there are currently
around 19 million mechanised wells and boreholes in India and that the annual
groundwater yield from these is 1.5 x 1011 m3 (an annual yield per source of 7900
m3). More than half the population (55-60 per cent) relies on groundwater as an
immediate input for agricultural livelihoods.
In the 1950s, there were fewer than one million wells and boreholes in India.
Since then the number has risen exponentially, encouraged in the 1960s and
1970s by India's objective of boosting agricultural production and achieving
food self-sufficiency. The expansion of the farming areas and the doublecropping of existing farmland relied on significant development of groundwater.
This was made possible by the introduction of mechanised drilling rigs and
diesel pumps. Increasing rural electrification has more recently driven a
Groundwater
change from diesel to electric pumps. In Maharashtra, for example,
groundwater
abstraction increased seven-fold between 1960 and 1990
has contributed
as a result of a two to three-fold increase in the numbers of wells and a
significantly to
three-fold increase in average well yield (Macdonald et al., 1995).

India's agricultural Groundwater now supplies approximately 60 per cent of India's
economy

irrigated land (World Bank and Ministry of Water Resources Government of India 1998) and, due to higher yields in groundwater-irrigated
areas, is central to a significantly higher proportion of total agricultural output.
Farmers prefer to irrigate with groundwater rather than surface waters from
rivers, canals and impoundments, as groundwater needs no transportation and
is available on demand. In drought years, groundwater is the most reliable
source of water for irrigation.
However, over-abstraction is a concern in many areas and threatens the
sustainability of the resource. Over-abstraction, as defined here, occurs where
the rate of groundwater pumping is greater in the long-term than the rate of

10
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Official figures (CGWB 1991, 1995) show that groundwater abstraction in
blocks defined as dark or critical1 increased
at a continuous rate of 5.5 per cent over
the period 1984-85 to 1992-93. At this
pace, and without regulatory or recharge
measures, over 35 per cent of all blocks
will become over-exploited within 15 years
(World Bank and Ministry of Water
Resources - Government of India 1998).
Possible doubts about the accuracy of
official estimates notwithstanding, the
overall trend in overdraft is of growing Sharing out of inherited land, and in turn access to
water, can mean competition even within wells.
concern.2

© ACWADAM

infiltration of rainfall. As described in more detail in Chapter 2, the nature of
over-abstraction is heavily dependent on the rocks that store the groundwater
(aquifers). The impacts are perhaps greatest in the crystalline hard-rocks that
underlie 60 per cent of India. Where the rate of abstraction from an aquifer is
greater than the rate of recharge, the abstraction will cause the amount of water
stored in the aquifer to decline in the long-term. The impact of this decline is
particularly severe in crystalline rocks as the overall storage is generally low.
The storage in an aquifer acts as a buffer, allowing groundwater to be abstracted
in years when rainfall is low. Where this store has been significantly depleted
due to years of over-abstraction, the buffer may be negligible, meaning well
yields are highly dependent on recent recharge. High rates of abstraction then
become difficult to sustain, with impacts on both irrigation and drinking water
supplies.

Here two pumpsets are located within a shared

dugwell
The rise and fall of groundwater
economies in Asia is illustrated in Table 1.1, based on Shah et al. (2003a). This
shows a typical progression: in stages 1 and 2 groundwater potential is realised
and, supported by government subsidy, private investment in groundwater
unleashes an agrarian boom; in stage 3, rapid and unchecked groundwater
development results in some areas becoming over-exploited; and by stage 4,
failure to exercise timely restraint leads, ultimately, to the decline of the
groundwater socio-economy. Stage 5 - an extension of Shah's original highlights shifts in the structure of the rural economy, with livelihood strategies
changing in response to groundwater overdraft and independently of it as new
non-farm opportunities emerge. Although rural-urban migration continues
along with a move away from irrigation-based agriculture, less water-intensive
rural livelihood options have expanded.

1

Dark, or critical, blocks are defined as those where groundwater abstraction is
estimated to be over 85 per cent of the recoverable recharge. Officially there should be no
financial support for well drilling in such areas.
2

Although examples have been given, and secondary data would suggest that significant
and widespread problems due to over-exploitation do exist in India, there still remains a
paucity of data that allows the scale of the problem to be assessed.
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Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

The rise of
Green
Revolution
and tubewell
technologies

Groundwaterbased
agrarian boom

Early symptoms
of groundwater
over-draft/
degradation

Decline of the
groundwater
socio-economy
with impoverishing
impacts

Livelihood
diversification - a
coping strategy for
some, a positive
choice for others

Arwari River
Basin

Pani Panchayats
Satlasana

Coimbatore

Crop diversification;
long-term decline
in water tables.
The groundwaterbased 'bubble
economy' continues
booming; but
tensions between
economy and
ecology surface as
pumping costs soar
and water markets
become oppressive;
private and social
costs of
groundwater use
part ways.

The 'bubble' bursts;
agricultural growth
declines;
pauperisation of the
poor is accompanied
by depopulation of
entire clusters of
villages. Water
quality problems
assume serious
proportions;
the 'smart' begin
moving out long
before the crisis
deepens; the poor
get hit the
hardest.

Migration
(temporary and
permanent) to
urban centres
continues along
with a move away
from irrigationbased agriculture;
less water
intensive rural
livelihood options
expanded to
varying degrees;
piped surface
water sources
found to replace
groundwater
supplies for
domestic use.

Subsistence
agriculture;
protective
irrigation;
traditional
crops;
concentrated
rural poverty;
traditional
water lifting
devices using
human and
animal power.

Skewed ownership
of tubewells;
access to pump
irrigation priced;
rise of primitive
pump irrigation
'exchange'
institutions.
Decline of
traditional water
lifting
technologies;
rapid growth in
agrarian income
and employment.
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Characteristics

Project case
studies

Stages

Table 1.1 Rise and fall of groundwater socio-economies in South Asia
(after Shah et al. 2003a)

A banana plantation in Coimbatore District, irrigated by well-water
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1.3 Focus of the Comman Project
The groundwater challenge facing India today is the shift from development
(facilitating the further exploitation of groundwater) to management. The main
management approaches for addressing problems associated with groundwater
over-abstraction are:
l

Conventional groundwater management. A centrally driven approach
based on supply augmentation and demand management (the latter
through regulation and water rights administration), which takes the
hydrological system as a starting point, and a fixed profile of water-use
categories. The primary aim is to achieve a balance between water flows into
and out of the hydrological system.

l

Indirect management. Non-water policies that can indirectly affect the use
of groundwater, for example electricity pricing and supply policy;
subsidies/taxes on irrigation equipment and incentive mechanisms to align
cropping patterns with the water endowments of regions;

l

Community-level approaches. These include water harvesting and
watershed treatment but also direct community-based management of
groundwater by a group of users devising rules, monitoring arrangements
and sanctions for controlling groundwater access and/or use locally;

l

Livelihoods-based approaches. In this report, we use this term to describe
wider management approaches that put people, rather than the water
resources they use, at centre-stage. Policies designed to stimulate the rural
non-farm economy, for example, can support shifts to less water intensive
(and therefore more sustainable) livelihoods, and may also (indirectly) ease
pressure on the resource base.

© VIKSAT

The research undertaken by the Comman Project has focussed on the feasibility
of implementing community-based management of groundwater resources,
which sits within the third of these approaches.
The project specifically addresses the problems
occurring in rural areas where these are
overwhelmingly the result of over-abstraction of
groundwater for agricultural production.
Although community-based management has
been attempted in forest, watershed and other
natural resource contexts, the viability of the
approach has not been explored for groundwater.
The project focuses on the groundwater resource, A rural agricultural scene from Gujarat with a
taking as its starting point the conventional large dug well in the foreground
meaning of groundwater management as defined above. Although groundwater
resource problems are often accompanied by problems of groundwater quality,
time and budgetary constraints did not allow the project to address quality
issues specifically. However, the discussion of approaches to resource-related
issues is relevant to those required to address accompanying water quality
problems.
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1.4 Objectives and structure of this guidance document
An aim of the Comman Project was to provide guidance to local, regional and
national stakeholders on community-based groundwater management. Project
research concludes that community-based approaches - in isolation - have
limited applicability (see Chapter 3) as a means of controlling groundwater
demand because many of the constraints faced are fundamental rather than
context-specific. This report therefore has a broader focus, exploring the
feasibility of community-based responses in the wider context of the
The viability of
groundwater management debate in India. This broader analysis of
options is intended to inform and guide policy discussion around
community-based
groundwater management, and specifically the means to tackle
groundwater
problems associated with groundwater overdraft.
Chapter 2 examines conventional approaches for addressing
groundwater over-abstraction, arguing that, in the short-medium term,
not fully explored such approaches are feasible only in a few areas - for example on key
urban aquifers - where specific preconditions can be met.

management

Chapter 3 assesses whether community-based approaches to groundwater
management offer suitable remedies, summarising the conclusions of the
Comman Project research. The limited applicability of conventional and
community-based approaches leads into a discussion of the need to widen the
resource-centric perspective of much of the management debate.

© BGS

Chapter 4 draws together insights from the previous chapters to argue that
'single formula' approaches to groundwater
management, based either on
comprehensive demand-management
strategies to balance demand and supply at
the scale of aquifers, or on small groups of
self-regulating users at village scale, are
unrealistic. The key, Chapter 4 argues,
therefore lies in (a) understanding which
interventions are likely to be effective in
addressing felt problems across a spectrum
of socio-economic and physical
environments; and (b) in recognising that
the problems caused by groundwater
A shallow irrigation pond for coconut trees
overdraft can be tackled directly, by
managing the water, and indirectly, by
supporting transitions away from fragile, groundwater-based livelihoods.
A more process-driven, less prescriptive approach to assessing groundwater
problems and selecting interventions is therefore highlighted. The
recommendations outline such an approach. In addition, potential courses of
action in each of the case study areas are presented.
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1.5 Dissemination and uptake
The report aims to show where the Comman Project findings sit in relation to the
wider context of the groundwater management debate in India. It is written with
the intention of providing guidance to policy-makers grappling with the
problems of groundwater overdraft. However, the findings of this report are also
intended to stimulate broader debate around management alternatives
amongst a range of different stakeholders (see Table 1.2).
While the purpose of policy advice is to provide the foundations for concrete
actions, the recommendations of this project should not be taken as
prescriptions for action, not least because the problems caused by groundwater
overdraft and their solutions will be situation-specific. Government staff,
donors and other decision-makers need to be able to interpret the environments
in which they work and plan interventions accordingly. The necessary levels of
skill, and analytical ability and human resource development more generally,
that this entails should therefore be viewed as integral to the processes of
decentralised reform in India.
Table 1.2

Main stakeholder groups, project outputs and objectives

Level/stakeholder
group

Relevant outputs

National-state policy

Common guidance
document

Government and
donor priorities
and strategies

Common research
report

Overall programme
design

Common guidance
document

Donors, government
and NGOs

Case study survey
tools and checklists*

Project design and
implementation

Common guidance
document

Government and
NGOs

Case study survey
tools and checklists*

Project working
reports

Objective(s) - support needs
Information and influence debate
on the groundwater management
'problem', questioning common
assumptions and emphasising
need for responsive, context specific interventions.
Re-orienate programmes away
from narrow, water-focussed
objectives; highlight links with
other, non-water sectors and
policies
Encourage a more open-ended
approach to identifying entry
points for supporting
vulnerable groups
Illustrate diagnostic approach
for assessing water-related
problems and identifying
feasible interventions

* It is planned that the tools developed by the Comman Project for assessing livelihood-water links
will be combined with those developed on other ongoing DFID-funded projects (Secure Water
Building Sustainable Livelihoods for the Poor into Demand Responsive Approaches; AGRAR
Augmenting Groundwater Resources through Artificial Recharge) and disseminated via the project
website www.bgs.ac.uk/hydrogeology/comman, and other media.
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2. THE CONVENTIONAL MANAGEMENT
RESPONSE
Conventional approaches to groundwater management emphasise the need for
sustainable management of groundwater at the scale of the aquifer, defining
sustainability in terms of the long-term balance between recharge and extraction.
In theory, sustainable management is achieved by assessing groundwater
conditions and trends, devising activities and policies that attempt to balance
supply and demand, and implementing them at the aquifer scale through
management organisations. Conventional, command and control approaches to
groundwater management often use a combination of legal, regulatory and
pricing mechanisms to balance extraction with long-term available supplies
within clearly defined aquifers. They generally do not focus on the deeper social
incentives that drive and shape water demand in the first place, or on the larger
social and economic transitions that generate such incentives. Theory aside, in
most situations the planning of groundwater use at 'aquifer' level is still not
apparent, although discussions, technical or otherwise, tend to recognise
different kinds of aquifers across India.
Beyond this common starting point, however, the views of different stakeholders
begin to diverge. Some, particularly those with training in water management,
emphasise the need for comprehensive and integrated approaches based on
formal systems of water rights, economic signals and regulatory controls.
Politicians are presented with proposed reforms that entail heavy technical and
institutional requirements that would, if implemented, confront long-established
customary rights and patterns of use. Popular resistance to such reforms
combined with the formidable challenge of monitoring hundreds of thousands, if
not millions, of wells makes them politically infeasible. As a result, less politically
challenging interventions to increase the supply of water, or increase the
efficiency of water use within existing sectors, are favoured.

2.1 Perspective
Conventional approaches to groundwater management combine scientific,
technical and (typically hierarchically structured) institutional components to
achieve socially defined management objectives. Most conventional approaches
take the hydrological system as a starting point. Although this is not always
achieved in practice, approaches focus on basic hydrological units - aquifers or
surface river basins - as the most logical or 'natural' physical management
units. Conventional management thinking is structured around mass balance
concepts; that is, the balance between water and other mass flows into and out
of hydrological units. It attempts to consider how those flows alter conditions
such as groundwater levels, the stock of water available, flow directions or
pressure gradients and the quality of water within units. Management
institutions designed to meet conventional objectives would therefore be
structured accordingly. Thus a relatively narrow set of managers, with access
both to high-level technical expertise and stakeholder inputs, would be able to
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A large diameter well with a shallow water table

manipulate flows into and out of a given management
unit to achieve the hydrological conditions necessary to
attain a desired social, and more recently,
environmental objective. Although there is a set of
reforms focusing on drinking water in some Indian
states that attempts to explore the possibilities of such a
management model, attempts remain sporadic and are
at a preliminary stage in India.
Management objectives can be defined in a variety of
ways, but conventional approaches to groundwater
management do not focus on the full range of social
objectives that are theoretically possible. Instead, they
are water-focussed and generally emphasise:

l

Sustainability of the groundwater resource base (which in most cases is
effectively defined as the sustained yield or balance between inflows and
outflows from aquifers).

l

Maintenance of water quality.

l

Allocation of available water supplies to broad use categories (agriculture,
domestic, industrial and environmental) along with, in many cases, the
maintenance of water rights systems.
Figure 2.1 Conventional groundwater management

Managers manipulate flow into
and out of hydrological units

To achieve hydrological conditions:
groundwater levels, water stored, water quality

To attain water-focussed social objectives,
generally based on fixed use-categories

Although it can be structured in ways that are conceptually clear, in practice,
'sustainability' is a highly abstract and often unclear objective (Box 2.1). Notions
of sustainability are, however, the starting point from which the groundwater
Conventional monitoring programmes of many countries, including India's, are
founded. India's monitoring programme, for example, is designed to
approaches to produce estimates of recharge and extraction for local hydrological units
across the country. Commonly, these units are watersheds, and not
groundwater
aquifers. In areas where recharge is estimated to exceed extraction by a
large
margin, the government provides subsidies to encourage
management
groundwater development. In areas where extraction approaches or

are water
focussed
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exceeds recharge estimates, it reduces subsidies and discourages drilling of
new wells. The objective is two-fold: first, to encourage utilisation of
groundwater resources; and, second, to ensure that such utilisation does not
deplete groundwater stocks thereby leaving subsequent periods (years or
generations) with the same levels of overall water availability.
Given the limitations of sustained-yield concepts, management to
The focus of
attain sustainability and other objectives generally comes down to
maintenance of groundwater levels within a relatively narrow range.
conventional
More specifically, public debates on the need for management only
groundwater
start when water levels fall and begin to affect wells and pumping costs
or when water levels rise to the point where water-logging becomes a
management
concern. Most conventional management approaches attempt to
is generally
maintain water levels within a range where the pumping costs for
irrigation or other uses are low but the water table is sufficiently below
maintenance of
ground level to avoid water-logging or soil-salinity problems. In
addition, they usually seek to maintain groundwater storage as a buffer against
water levels
drought and to avoid long-term water-level declines, even when such declines
in wells
have few immediate economic implications.

It is important to note that conventional
approaches tend to focus on technological
interventions that change people's ability to
extract water from an aquifer or the amount
of water they require to meet existing uses
and not on changing water use itself. In other A borehole supplying drinking water in Rajasthan
words, conventional approaches to
groundwater management in India assume that the basic structure of water
demand is fixed. They focus, for example, on
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Groundwater management often focuses on water quality, too. However, in
practice, most initiatives emphasise specific concerns such as the need to avoid
or mitigate saline intrusion of coastal areas or to control point-source pollution
problems. They rarely attempt to address long-term changes in water quality
that are not due to point-source pollution problems. However, there is
increasing awareness and sensitivity to such problems, particularly in the wake
of publicity on natural groundwater contamination from arsenic and fluoride,
and water quality is increasingly integrated
into groundwater management approaches.
Nevertheless, groundwater over-abstraction
and water quality tend to be treated in
isolation of each other while considering
options in groundwater management. Since
the Comman Project's primary focus is on
managing the availability of groundwater
supplies, the discussion from this point
onward will not emphasise water quality and
pollution. It is, however, important to
recognise that water quality is central to
conventional concepts of groundwater
management and sustainability.
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irrigation efficiency but generally do not question whether agriculture
(especially with a certain cropping pattern) is an appropriate form of livelihood
for the particular region. Sometimes management does attempt to change the
structure of demand, for example, by regulating the types of crops grown to
reduce water demand or reforming energy pricing for agriculture to make the
use of irrigation pumps a more expensive option. However, these 'indirect'
approaches are somewhat separate from the largely command and controlcentric conventional approach.
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Conventional management initiatives
do not generally address the livelihood
systems that give rise to the structure of
water demand. These are generally
taken as 'givens'. As a result, most
conventional approaches do not address
the evolving social context in which
interventions must fit, with the
exception of questions such as whether
or not adoption of key technologies is
economically viable. This is a key
distinction between resource-centred
Temporal as well as spatial variability in rainfall creates
approaches and the more livelihoodswater scarcity, often compounding problems of
focussed, adaptive remedies discussed
groundwater overdraft
later in this document. Implementing
conventional management theory becomes difficult as all of its underlying
assumptions can seldom be met.

Box 2.1 Problems with the concept of sustainable yield
Even at a conceptual level, conventional notions of sustainable yield can begin to
break down. One of the most important roles of groundwater is as a drought
buffer. As a result, it is customary, where available, to draw groundwater storage
down during droughts and allow it to replenish during normal years. But what is a
'normal' year? Precipitation levels and patterns are inherently variable. Recorded
precipitation data are often discontinuous and available only for short periods
and so may not reflect long-term averages. The densities of raingauge stations are
often not great enough to measure the variability in precipitation. Furthermore,
given the prospect of climatic change, it is uncertain whether historical data will be
of much use in predicting future precipitation levels. The problems multiply when
one adds to this the changing patterns of land use (which often affect recharge),
other human interventions in the surface hydrological system, and technical
uncertainty regarding the nature of a given aquifer or regional hydrological
system dynamics; it becomes virtually impossible to determine how much
groundwater really could be extracted 'sustainably' without changing the stock in
storage. If one adds changes in water quality potentially induced by groundwater
utilisation then the picture is even further muddled. Finally, social goals often
focus on livelihoods and the sustainability of economic or environmental systems,
neither of which may be inherently related to the stock or quality of groundwater
in storage.
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2.2 Critical Assumptions

Basic scientific understanding of aquifer
parameters, and data on groundwater
conditions, trends and patterns of use;

l

Institutional capacity for implementing
reforms, including monitoring and
enforcement;

l

Political feasibility, as new reforms
cannot be implemented by unwilling
governments and water users.

Monitoring of a well in Purandar Taluka of
Pune District

If these conditions do not exist, then conventional approaches to groundwater
management can, at best, serve only as partial solutions. In particular, the
institutional and political dimensions of management are critical. Unless broad
support exists for management,
ratifying and implementing
reforms will be difficult. And
unless an institution capable of
functioning at an aquifer or
hydrological unit scale exists, then
assembling the required scientific,
technical, planning and wider
regulatory or social influence
capacities will be virtually
impossible. In other words, the
question of who will actually do the
management and how this can be
Collection of groundwater samples from Satlasana
achieved, given the scientific,
political and institutional hurdles that need to be overcome, is of fundamental
importance to the viability of conventional approaches.
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l
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The management perspectives outlined above are underpinned by a set of
assumptions. In terms of demand management, the principal focus of the
Comman Project, the reforms most commonly proposed in relation to Integrated
Water Resource Management (IWRM) - see Box 2.2 - are based on a set of
regulatory and economic principles that
emphasise direct control of groundwater
abstraction through formal government
agencies. Since conventional approaches
take notions of physically-defined
sustainability within hydrological units as a
starting point, they rely on a common set of
capabilities, or assumptions, defined here
as:
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Box 2.2

Understanding the management priorities of different
stakeholders

The mix of groundwater stakeholders is changing in India. A decade ago, the
government administration and politicians were considered major
stakeholders. Decentralisation and the process of liberalisation has
expanded the list of stakeholders to include politicians, donors, NGOs and
consultants, in addition to village communities which have been empowered
to participate actively in decision making concerning drinking water and
sanitation. Different stakeholders often prioritise management options
differently. It is important to understand what these priorities are, and why
the differences occur.
Those pushing for new, principle-based reforms under the mantra of IWRM
(e.g. donors, external consultants) view water as both an economic and social
resource. Water should be supplied to meet basic needs, so the argument
goes, with the remainder allocated to those sectors offering highest 'returns',
whilst protecting environmental services. In other words, demand
management should embrace allocative efficiency. However, such messages,
and the economic and regulatory innovations involved, are not rooted in
engineering science or easily assimilated by the bureaucracies, such as the
CGWB, that have, for many years, been responsible for developing rather
than managing water. Neither are they rooted in rural communities that have
long considered water a free entitlement.
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In contrast, politicians faced with the challenge of implementing policies (and
getting re-elected) prioritise things differently.
Ways to augment the supply of water are
favoured, as are efforts to increase the
technical efficiency of water use. Hence efforts
to increase irrigation efficiency are supported,
as are groundwater recharge activities.
Reallocation, on the other hand, is strongly
resisted, as it carries high political risks in
rural economies still dependent on
A source of drinking water for cattle in
Gujarat
groundwater-based livelihoods. The voice and
political power of agricultural users, and those purporting to represent them
(such as the sugarcane industry), is therefore very strong, and capable of
frustrating reforms on groundwater rights and power pricing that appear
economically and environmentally rational.
What have we learned? The extent to which water policies and interventions
are politically feasible, socially acceptable and ideologically compatible with
prevailing beliefs is fundamental to both the continuation of existing policies,
and the adoption of new ones. Yet there remains an army of (largely external)
sector professionals who insist that centralised command and control,
demand management reforms, based on major preconditions, can be
implemented because they 'make sense'. There is a failure to realise that their
logical remedies, based on the intuitively-appealing principles of IWRM,
present huge political and institutional obstacles to those charged with
implementing them.
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2.2.1 Technical and scientific requirements
Conventional approaches assume certain technical and scientific requirements
have been, or can be, met. Without this expertise and information, new systems
of water rights allocating shares in aquifer storage, for example, and the access
and abstraction controls that follow, are difficult if not impossible to implement.
Prerequisites include:
l

The ability to define hydrogeological boundaries, within and between
different aquifers (Box 2.3);

l

The ability to provide reasonably robust estimates of groundwater recharge,
storage and outflows, often based on other estimates such as aquifer
characteristics, abstraction volumes and stream-flow discharges;

l

Data on patterns and trends in groundwater access and abstraction, and the
means to turn data into knowledge, and hence inform management.

In reality, these prerequisites are very difficult to meet. Why?
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Despite large-scale efforts on the part of government and NGOs, a consistent
and scientifically-informed understanding of groundwater systems in India is far
from achieved. The situation described for watershed development in Box 2.4 is
a case in point, as positive impacts on the status of groundwater
Gaps in
resources across different physical environments are typically
assumed rather than evaluated. This is also the case with debates
hydrogeological
over the efficacy of water harvesting for groundwater recharge. Gaps
understanding
in hydrogeological understanding are particularly acute for the
complex, heterogeneous conditions of the hard-rock aquifers
exist for complex,
extending throughout most of peninsular India (Moench 1996,
heterogeneous
Kulkarni et al., 2000). As Narasimhan states: "indiscriminate fitting
of hydraulic test data to available mathematical solutions will but yield pseudo
hard-rocks
hydraulic parameters that are physically meaningless" (Narasimhan 1990, p.
362). Overall: "a sound rational basis does not exist yet for quantifying resource
availability and utilization." (Narasimhan 1990, p. 354). While such quotes are
old, and large investments have been made in many states and, under India's
Hydrology Project, at the national level in monitoring, and the development of
databases, we believe that the situation has not changed fundamentally.
Despite some improvement in the approach to monitoring, there is still a large
gap between the data that would be required to characterise groundwater
conditions at the level of local aquifers or villages
where community-based management might
occur, and the types of data collected and
available in existing databases. Furthermore, it is
often unclear whether sufficient data are
available for effective management even at higher,
aquifer and watershed levels, given the high levels
of variability in both the geohydrological and
socio-economic factors that affect groundwater
conditions in the Indian context. What data do
A quarry showing a shallow weathered zone
overlying fractured hard rock
exist?

3

http://wrmin.nic.in/investment/hydrology.htm
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Figure 2.2
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Where groundwater is concerned, the primary data collected in India for
characterising groundwater systems include:
l

Basic geological information along with a very limited set of pumping test
data to characterise the hydrological characteristics of formations;

l

Water level data from networks of monitoring wells. The Central Ground
Water Board operates a low-density national network of monitoring wells. In
addition, each state has a generally more dense network of monitoring wells;

l

Basic water quality data;

l

Some basic data on crop water use and cropped areas;

l

Estimates of well numbers and pump utilisation; and

l

Associated hydro-meteorological data on rainfall, humidity, etc.

Problems within this basic data set have been widely discussed elsewhere
(Moench 1992a; Moench 1994b; World Bank and Ministry of Water Resources Government of India 1998, Shah et al., 1998). Periods of record are short and
the accuracy of much of these data is questionable. In addition, some of the data
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on, for example, pump numbers and extraction rates are based on indirect
measures (such as the number of loans issued for well construction) and
probably do not reflect ground realities. Equally importantly, even if all data
were fully reliable, the types of data collected are often insufficient for
characterising the hydrological system. Bi-annual water level data from regional
monitoring wells, for example, does not capture the seasonal dynamics that
Data collected
often dominate groundwater availability in hard-rock areas, or
provide the resolution needed to characterise localised flow regimes.
are often
Moreover, they seldom refer to which aquifer or groundwater system
they represent. Similarly, daily rainfall data do not capture the
insufficient for
intensity-duration characteristics of precipitation events that are
characterising
central to determining how much recharge might occur. Finally, key
data for accurate estimation of water balances, such as
the hydrological
evapotranspiration by native vegetation, are not collected at all.
That said, efforts to address data problems have been initiated but will need
substantial time to produce the types of information and understanding
required for effective management. The Hydrology Project, with support from the
World Bank, Government of Netherlands and Indian Implementing Agencies
(Key Central and State Agencies), has attempted to establish a hydrological
information system in seven peninsular states. Unfortunately, the project was
recently terminated following the GoI decision to rationalise donor support. On a
much smaller scale, the intensive water resource audits carried out on a few
watershed development projects in Karnataka and AP (Batchelor et al. 2000,
Rama Mohan Rao et al. 2003) are designed to provide data support for project
implementation and inform management plans. Inevitably, however, these are
isolated and few in number, with little prospect (given funding and technical
limitations) of major scaling up. Similarly, demand-led management of water
resources is a developing approach that also attempts to integrate water supply
and sanitation into integrated watershed development programmes, to achieve
improved access and water management (DFID-funded projects WHiRL
www.nri.org/WSS-IWRM/ and APRLP www.aplivelihoods.org/). However, such
intensive efforts are too few and far between to address the problem of
groundwater over-abstraction in India.

system

Overall, the above limitations on the availability and types of data and basic
hydrological science substantially constrain India's ability to manage
groundwater in a conventional manner. It is important to recognise, however,
that the issues of variability and scientific limitations are not unique to India.
Understanding often is not much better in closely monitored, extensively
modelled and, from a hydrological perspective, relatively straightforward
alluvial basins. In the San Luis Valley of Colorado in the USA, for example,
hydrologists have been unable to resolve a 30 per cent gap in water balance
estimates (between what they know flows into the valley and what flows out)
despite three decades of intensive monitoring, consulting analyses and research
(ISET research programme interviews, 1999). Lack of sufficient monitoring data
and limitations on the technical ability to quantify flows, hydraulic connections
and the quantities of water available in groundwater systems, lie at the heart of
the many insoluble disputes over water rights and groundwater management
across the western USA.
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An additional limitation may be the nature of the mass-balance 'sustained-yield'
approach in the hard-rock systems that underlie some 60 per cent of India.
Since storage in hard-rock systems is low and confined to the upper weathered
zone, the sustained-yield concept may have little utility. Instead, it may be more
appropriate to view wells in hard-rock areas more as cisterns where depletion
and recharge occur over short periods of time. From this perspective,
management would be more concerned with efficient use of water captured
within the wells than with management of the aquifer per se. Overall, however,
the basic scientific approach to understanding groundwater dynamics in hardrock areas is fundamentally different from the alluvial context which has been
the focus of most hydrological work at a global level. Understanding the
hydraulics of hard-rock systems awaits the basic scientific advances necessary
for developing the technical and scientific foundation of system dynamics. This
would create a basis for management.
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Inherent scientific and data limitations are compounded in India by the nature
of hydrology training and the location and nature of management needs. As in
most countries, the university system for training professional water resource
engineers places little emphasis on the social context in which hydrological
questions and data must be used. As a result, most engineers have little
exposure to -- or resonance with -- the field and the larger policy context in
which scientific analyses occur and where the results must be used. The gap
between academics (research and training) and field reality is often too wide for
groundwater management theory to translate into practice. Furthermore, there
is little incentive for well-trained hydrological engineers to work in rural areas
where most groundwater problems currently exist. Most major consulting,
governmental and non-governmental organisations
working on water problems are located in urban areas
where professional staff have access to key basic
facilities (such as good education systems for their
children).
No such organisations or supporting
environments are found in rural areas, where most
groundwater management needs to occur. As a result,
well-trained professionals face substantial
disincentives to devote time and effort to working at the
local level where groundwater problems directly affect
communities. India does produce large numbers of
engineers and technicians but most work largely in the
service delivery sector, where the focus is on water
supply and augmentation rather than around direct or
indirect management of groundwater resources.
Beyond scientific limitations and the structural
disincentives for engineers to work primarily in rural
areas, data access is often a major issue. Under the Hydrology Project, official
'data users' were identified.
These approved data users ranged from
government organisations to academic entities and local NGOs. The experience
of organisations within the Comman Project and others they have worked with,
many of whom are approved data users, suggests this system is far from
adequate. While there have been exceptions, membership of the approved

Introduction of rigs to rural India has enabled
the drilling of deep boreholes
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group of data users has sometimes not enabled organisations to obtain access to
data they know exists and should be available through the databases compiled
by the Hydrology Project. If data access is complicated for groups that have
already been approved, the situation for local management organisations is
likely to be even more problematic.
Overall, it is far from clear how problems of data access and the basic scientific
challenges to the understanding of regional hydrological systems can be
resolved within the short to medium term. Given available budgets and staffing,
the deployment of substantial additional governmental resources for this
purpose is unlikely for most states. Furthermore, as is clear from experience in
much of the industrialised world, even additional basic scientific research, while
important, would probably not be sufficient to resolve many gaps in the massbalance estimates within regional hydrological systems.
A key point to recognise here is that technical limitations facing groundwater
management are as much a product of how management objectives are defined,
as they are related to anything inherent in the hydrological system and the
nature of scientific knowledge. The Central Ground Water Board's adoption of
conventional groundwater management objectives in terms of sustainable
aquifer yield, effectively multiplies the technical and human resource
requirements for assessing groundwater status and trends. If instead, simple
key indicators of groundwater conditions were used, such as water levels and
water-level trends, technical challenges would be reduced. Here we come back
to the issue of training, and the organisational and bureaucratic culture of
formal water institutions in India. As long as training remains primarily
technical and organisations continue to pursue a technical vision of how,
ideally, groundwater should be managed (with goals defined intrinsically
through the water system), then the knowledge-needs gap will remain large.
Figure 2.3

Long-term water-level decline in an aquifer
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Box 2.3

Not all aquifers are the same

Aquifers vary in their properties, and this difference has influenced groundwater
development and the timing and the degree to which over-abstraction has
impacted. An aquifer is defined as a volume of rock which allows a significant
amount of water to flow and to be pumped out. The productivity of an aquifer is
determined by the amount of water it stores (porosity) and how easily water can
flow within it (its permeability).
Around 60 per cent of India is underlain by crystalline rock, such as granites and
basalts. In these rocks, porosity and permeability are a result of weathering and
fracturing. Weathering causes the minerals in the rock to breakdown in varying
degrees, allowing water to get in. Major fracturing tends to be localised, occurring
in linear zones, sometimes as a result of relative movements of large masses of
rock. The weathered zones account for the majority of storage whereas fractures
allow relatively fast flow of water. However, weathered and fractured crystalline
rocks, often referred to as hard-rocks, generally store less water than sedimentary
rocks (Figure 2.4). Weathered hard-rocks have a
porosity of 5-20 per cent but are generally limited in
depth; fractured hard-rocks typically have a porosity of
1 per cent; sedimentary rocks have porosities of up to 30
per cent and can be extensive, laterally and in depth.
© ACWADAM

Over-abstraction from hard-rocks leads to depletion of
stored water at the end of the dry season and so, in
many regions, the water available for irrigation is very
much dependent on the previous years' rainfall. The
depth of the weathered zone may vary significantly over
A large diameter dug well
in the Deccan basalt
short distances and so small pockets of saturated rock
can be formed. Large-diameter wells can only be easily
dug into the highly weathered rock, and where this is deep, can result in significant
yields. Although the permeability of weathered material is relatively low, the water
stored in the large-volume wells can be pumped out during the day, and slowly
refilled during the night. However, over-abstraction of groundwater in many
regions has lowered the water levels in the weathered zone causing these wells to
dry up, particularly in late summer. Many farmers have responded by drilling
boreholes into the unweathered zone (bedrock) from the base of the wells (to form
dug-cum-borewells) or from the ground surface, but it is a risky strategy. Boreholes
drilled into bedrock may be productive if they hit large networks of fractures, but
they often do not and so yield only small amounts of water (Figure 2.5).
The other major aquifer type in India is formed from unconsolidated sediments,
such as sands, silts and clays, themselves the decomposition products of preexisting rocks. These may form thin layers overlying harder rocks but large
volumes may also accumulate in deep basins, e.g. the Mahesana Basin in Gujarat.
Coarser-grained sediments, such as sands, form highly productive aquifers within
these large basins;. The coarse-grained sediments are very permeable and have
big pores that can store large amounts of water. Even though the amount of water
stored is relatively large, the impacts of over-abstraction are still seen, as the
volume of water being abstracted so greatly outweighs the infiltrating rainfall.
Over-abstraction results in water-levels in the alluvial aquifers falling, with
implications for those that cannot 'chase the water table' (Moench, 1992b).
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Figure 2.4 Main hydrogeological settings in India.

Shallow weathered hard-rock aquifers have both limited porosity
and depth and are therefore relatively low in groundwater storage.
Permeability will only be high in localised areas of fracturing. Deep
sedimentary systems can include coarse-grained sandy layers,
which are both high in porosity and permeability.
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Box 2.4

Watershed development: a solution to the problem of
groundwater overdraft?

Watershed development, with a strong emphasis on groundwater recharge, is
being promoted in one form or another, in each of the case study areas of the
Comman Project and by various government departments (and donors) across
India. Micro-watershed management, including the construction of check dams,
field bunds and percolation ponds, currently absorbs over US$500 million per year,
channelled mainly from central government sources (Kerr et al., 1999). Watershed
development projects surely go beyond simplistic management of water resources
(like balancing supply and demand) and aim to address a wider array of issues
ranging from natural resources management to livelihoods improvement (OIKOS
and IIRR, 2000; Shah et al., 1998).
Notwithstanding the overall improvement to the natural resources and livelihoods
regime, an underlying belief is that watershed treatment leads to increased
recharge and a rise in groundwater levels in the area of intervention. Although
many projects claim significant improvements in groundwater conditions, actual
impacts are rarely scientifically evaluated or documented. Moreover, a belief,
rightly or wrongly, that groundwater recharge has been increased can lead to
further unsustainable development. Such 'long-term impacts' in watershed
development programmes are poorly documented (Kulkarni, 1998).
Concerns have been raised that water harvesting activities are being seen too
much as a panacea for stressed aquifers, without the necessary systematic
evaluation of their potential in different climatic, agro-ecological and
hydrogeological conditions (Gale et al., 2002). Ongoing research led by BGS (see
Gale et al., 2003) and others (e.g. Kumar et al., 1999; Rama Mohan Rao et al.,
2003) supports this view, suggesting that while recharge activities may, under
certain conditions, have significant local effects their impact on wider groundwater
conditions (the supply-demand balance) is marginal. The challenge is to be able to
replicate these recharge activities over a wider area, although the assumption then
is that there is sufficient surplus water available and that impacts on downstream
users are not significant. Batchelor et al. (2000), commenting on programme
experience in Karnataka and Andhra Pradesh, conclude that “…there is no
evidence to suggest that traditional watershed development activities have halted
degradation of water resources, or made villages less susceptible to the shock of
drought”. Moreover, the long-term sustainability of any (local) supply-side benefits
that are realised can clearly be questioned in a context of unchecked demand (Lobo
& Palghadmal, 1999; Batchelor et al., 2000).
What have we learnt?
l
Firstly, that watershed development in India remains a growing 'movement' to
make people rally around issues like natural resources management and
improved livelihoods. We accept the efficacy of watershed programmes around
these issues.
l
Secondly, the design, implementation and targeting of recharge activities
within watershed development programmes is constrained by a lack of sound
scientific knowledge and understanding about the appropriateness of different
water harvesting activities in different environments. Hence, recharge
activities alone are unlikely to provide remedies to the problem of groundwater
overdraft, and certainly not if supply gains are negated by rising demand. The
propaganda of watershed development, however, suggests that the scope for
augmenting water resources is unlimited.
l
Thirdly, and related to the above, the political attraction of supply-side
solutions is such that 'unwelcome' knowledge and insights can easily be
downplayed. So, while it is important to stress the need for rigorous evaluation,
a dose of realism is needed: political processes tend to determine which
knowledge is given attention and assimilated by those making water policy.
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Figure 2.5

Hard-rock aquifer scenario to illustrate the impact on
groundwater resources of over-abstraction

Pre-1960s: agriculture primarily rainfed
with limited groundwater abstraction for
irrigation.

1960s/1970s: groundwater developed
in push to increase agricultural
production

1980s: rates of groundwater abstraction
and number of wells increasing.
Abstraction significantly greater than
rainfall, causing storage of aquifer to
gradually decline. Where farmers are
financially able, wells are deepened, but
only as far as the base of the weathered
zone.
1980s/1990s: still in groundwater
development phase. Storage of the
shallow aquifer still declining. Where
farmers are financially able, boreholes
drilled in base of large-diameter wells
(dug-cum-borewells) in hope of
intersecting fracture zones in the
bedrock, but not always successful.
Yields very dependent on recent years'
rainfall.

1990s/2000s: farmers, or in some
cases, groups of farmers, drill boreholes
in search of groundwater, but with
limited success. Agricultural production
declining.
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2.2.2 Institutional needs and the issue of political feasibility
In addition to the scientific and technical considerations discussed in the
previous section, conventional approaches make assumptions about the ability
of management organisations to influence demand and supply. More
specifically, it is assumed that:
l

Management organisations can be created with the authority and ability to
directly influence supply and extraction at the level of hydrological units;

l

Mechanisms exist for financing the activities of such management
organisations;

l

Related to this, the necessary technical, legal and economic levers are inplace to manipulate supply and demand.

The above issues are absolutely central in the Indian context. Let us take each in
turn.
Firstly, the development of Management Organisations. As a substantial
literature over the past decade makes clear, organisations capable of
functioning at the intermediate geographical scale required for aquifer
management are not common (Moench 1994a; Moench 1996). Even in hardrock areas where groundwater flow regimes can be relatively localised,
hydrologically interconnected zones often extend under multiple villages. In
alluvial aquifers, such as the Mahesana Basin in Gujarat, the area overlying a
single aquifer may contain thousands of villages. As a result, the question of
whether management organisations can be created at the level of aquifers is a
significant one (Figure 2.6).
Given the necessary political will, governmental organisations for groundwater
management can be established in high-priority locations. The Central Ground
Water Authority has already
Figure 2.6 Aquifer versus institutional scale
done this in Delhi and
authorities have assumed a
monitoring role over some
local
aquifers near Chennai. This
aquifer
authority has the ability to notify
areas for management based
upon criteria such as the
Village
emergence of clear overdraft
Block
concerns. Once an area has been
notified, the authority has the
District
formal power to regulate
activities such as well drilling
regional aquifer
and to mandate registration of
all wells. However, as far as the
authors are aware, the
monitoring and enforcement of
new controls has yet to begin. As
a result, the verdict is not yet in on whether enforcement is viable, even in highpriority areas with relatively homogeneous aquifers and widely shared interests.
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Secondly, the administrative burden
associated with groundwater
management organisations should not
be underestimated. At present most
states in India are running budget
deficits and there is tremendous
pressure to reduce the size of the
bureaucracy. As a result, the creation
and staffing of new governmental
management organisations finds little A tanker collects water from a farmer for use in the textile
factories of Coimbatore
support from those in charge of state
budgets. Obtaining governmental financing for local management
organisations faces similar problems. While donor financing could be obtained
for pilot initiatives, there are currently no alternative models for financing
groundwater management activities on a long-term basis. In locations such as
the western USA, water districts are generally governed through user-elected
boards of directors and have quasi-governmental powers of taxation, which they
use as their main source of revenue. Such mechanisms are not common in India
and the financing of management organisations remains to be worked out.
Thirdly, conventional approaches to groundwater management rely heavily on
the ability to influence, or regulate groundwater demand. This can be achieved
directly by establishing legal or administrative controls over use. Alternatively,
it can be achieved indirectly by manipulating the wider economic signals to
which groundwater users respond. Both approaches have been widely
discussed in India in relation to groundwater legislation, power supply and
pricing policies. The limitations facing groundwater management through
power supply and pricing policies are discussed in Box 2.5. In short, the types of
changes required to significantly reduce groundwater extraction have proved
politically impossible to implement. This is also the case with groundwater
legislation. Proposals for state regulation of groundwater have been present in
India since the mid-1970s (Box 2.5). Despite the powers such proposals would
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It remains uncertain whether notification of areas for intensive management
through groundwater management authorities will prove viable away from
major urban centres or other particularly high-priority locations. Similar state
approaches across Gujarat, Rajasthan, or other states where aquifers are
threatened, appear unrealistic. Many of the activities underpinning
conventional approaches are regulatory and involve restrictions on wells or
water uses. Such interventions are bound to be politically unpopular. More than
60 per cent of India's population depends on agriculture and rural voters are
central to the political stability of governments at the state and central levels.
Since relations between rural residents and the state bureaucracy are often
characterised by mistrust and conflict, politicians may be reluctant to create
new regulatory organisations unless demand for them is sufficiently high
among those subject to regulation. As a result, it seems highly unlikely that
governmental organisations can be
formed for groundwater management in
many of the rural areas where overdraft
problems are now emerging.
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confer on existing government departments, resistance from the public and
analysts has been substantial. In the context of surface irrigation management,
regulation has proved problematic. As Vaidynathan stated over a decade ago,
often "system managers ... have no effective power to enforce the rules or the
penalties for violating those rules"
(Vaidyanathan, 1991, p. 19).
Furthermore, as B.D. Dhawan
commented on groundwater
regulations when they were passed in
Gujarat in the 1980s: "there is little
hope for effective implementation of
such laws which are inherently
difficult to enforce in the Indian
conditions of small land holdings,
inadequate administrative set-up in
the countryside, and an eroded state of
Two diesel engines pumping out water from a dug well in the
ethics." (Dhawan 1989, p.9).
Arwari basin, Rajasthan

The comments above do not just reflect the perspectives of those outside the
state. Resistance to the creation of such regulatory bodies has been substantial
even within the state and central groundwater bureaucracies, which would
stand to assume new powers. As many individuals in such organisations have
pointed out to the authors over the last decade, existing state and central
groundwater organisations were set up to develop the resource base, not
directly manage it. The Central Ground Water Board-Central Ground Water
Authority has a small scientific staff in Delhi and a limited number of regional
offices. State groundwater departments, or their equivalents, generally have a
construction wing specialised in groundwater drilling and a small staff of
hydrologists whose task has been to evaluate and monitor the resource base.
The groundwater bureaucracy has little if any physical presence even at the
district to say nothing of block, village or ultimate farm levels where
groundwater is actually used. Simply surveying the number of operational wells
would be a mammoth task for the present bureaucracy. Actually monitoring
groundwater use from the millions of wells scattered among India's fragmented
landholdings is far beyond its capacity. Realigning the groundwater
bureaucracies from a development-centred approach to a managementfocussed one has begun but this is a long-term initiative.
While the limitations discussed above on conventional groundwater
management through the existing bureaucracy are clear, it is far from certain
how these might change with community-based approaches. This is explored in
detail in the next chapter.
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Box 2.5

Indirect influences on groundwater use: debates around power
pricing

Policies governing the pricing of power and electricity supply offer a powerful
means of indirectly managing groundwater and energy use, especially considering
that Indian farmers have access to subsidised electricity amounting to US$ 4.5-5
billion/year to pump 1.5 x 1011 m3 of water for irrigation (Shah et al., 2003a). The
linkages between power pricing policies and over-development of groundwater
have been widely discussed for over a decade in India (Arora & Kumar, 1993;
Malik, 1993; Nagaraj & Chandrakanth, 1993). While it is beyond the scope of this
document to summarise the extensive debates on power pricing, they are of direct
relevance for conventional approaches to groundwater management and so are
highlighted here.
Most states extract a low, flat-rate fee for irrigation power based on pump
horsepower. This tariff structure has long been recognised as a strong incentive for
inefficient water use and over-development (Moench, 1991). Many groups,
including the World Bank, have advocated shifting to a consumption-based
structure and removing or reducing subsidies as essential first steps toward
addressing groundwater over-development problems and cutting the massive
losses incurred by state electricity boards (World Bank and Ministry of Water
Resources - Government of India 1998; World Bank Study Team 2001).
While price reforms have been widely advocated for over a decade, actual reforms
have proved politically difficult to implement. Some states have made some
progress in charging farmers for powering their irrigation pumps. However, the
positive impacts on environmentally sensitive groundwater development and the
negative impacts on the profitability of crop production are as yet unclear. In this
context, while pricing reform may occur, it is unlikely to be tailored to potential
opportunities for indirect regulation of groundwater extraction.
Despite the clear relationship between subsidies and groundwater development, it
is far from clear that indirect regulation via changes in power pricing would result in
more sustainable levels of groundwater use. Analyses over the past decade
indicate that the returns from groundwater irrigation often outweigh the
disincentives resulting from changes in power pricing and such changes therefore
have a limited impact on the overall volume extracted (Moench 1995; Kumar and
Singh 2001). In addition, it is difficult to tailor pricing policies to meet groundwater
management needs in specific areas. Groundwater levels have been rising in canal
command areas, increasing the risk of waterlogging. Yet overdraft occurs in nearby
areas. Pricing policies may therefore help to reduce groundwater overdraft in
certain areas only to exacerbate the risks of waterlogging in others.
The experience in virtually all case study areas suggests that subsidies are not the
only, or even the main, factor contributing to over-abstraction. The amount of water
pumped from a well depends not only on the cost of pumping but on the number of
hours of electricity available over the period of a week or even longer. As Shah et al.
(2000) admit, sustaining a prosperous groundwater economy would depend as
much on proactive and imaginative rationing of electric supply to agriculture as on
the reliability of this supply.
Finally, pricing policies for power affect all agricultural power use, not just
groundwater pumping. Changing the pricing structure to manipulate groundwater
demand would simultaneously affect many other agricultural activities, especially
when the question of whether to charge a price or a tax for electricity remains
unanswered.
Overall, major limitations exist for indirect regulation of groundwater extraction
through economic mechanisms. Although it is beyond the scope of this study to
discuss in detail the energy-groundwater nexus, it is clear that a wide variety of
factors influence the economics of groundwater extraction. It is difficult to tailor
these to meet the specific needs emerging in any given management area.
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2.3 Summarising the limitations of conventional management
Conventional approaches to groundwater management face formidable
challenges.
Firstly is the fact that policy operates in a climate of scientific uncertainty due to
the fundamental gaps that remain in hydrogeological data and our
understanding of aquifer systems. Hydrological data exist only for short periods
of record and, although monitoring continues, the gaps in data will take decades
to rectify. The relevance of historical data as a tool for predicting future
conditions is uncertain and is made more so by
the climatic variability and change that the
world is now experiencing, thus further
weakening the confidence we have in our ability
to manage resources sustainably.
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Available aquifer-based information, at this
stage, is too generic to be useful in effective
decision making. Scientists are as yet unable to
quantify flows through groundwater systems or
estimate key elements of the mass balance
equation determining water availability. These
Extracting the juice from sugar cane
gaps in scientific information limit our ability to
define volumetric water rights, for example, in a way that directly relates to
aquifer conditions - even assuming that users could be first registered and
metered.
Secondly, state-regulatory or command and control approaches face major
institutional and political obstacles that limit their applicability. State
organisations have few practical levers at their disposal to influence
groundwater demand directly. Devising and implementing a new suite of
economic and regulatory remedies at the scale required is a long-term
goal rather than a short- or medium-term solution. Moreover, while
Conventional
rural livelihoods are still intimately bound-up in groundwater-based
groundwater
economies, politicians will remain reluctant to introduce reforms which
threaten, or are perceived to challenge, long-established use patterns.

management

has limitations
but windows of
opportunity
l

In summary then, the report clearly sees constraints in the application
of conventional groundwater management approaches, but recognises
windows of opportunity to pursue such approaches in controlled
situations such as the following.

At the aquifer scale: in strategic, relatively homogenous and well understood

clearly exist aquifers underlying urban areas, state management would be supported by
politically influential populations and the tentative steps towards well
registration and drilling control now taking place could be extended to
volumetrically-defined licensing and other control measures.
l
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At watershed scale: in areas with enough information about aquifer
heterogeneity, recharge and abstraction and where it is feasible to pilot
further action on managing groundwater demand .
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l

In an extremely conducive energy environment where quality 'power' supply
is balanced by a viable system of metering or rationing. Such a system ought
to emphasise electricity use as much as groundwater use from the
underlying aquifers.

Beyond such limited environments, direct influence over groundwater
conditions is likely to be partial. Politically popular interventions (such as the
construction of recharge structures) are likely to prove viable, while other
interventions (typically those involving regulation or other initiatives to change
demand) are difficult and unlikely to address the issue of groundwater overdraft
directly. This all leaves large areas where conventional groundwater
management approaches are unlikely to prove capable of addressing emerging
overdraft problems. As a result, it is important to revisit the foundations on
which conventional approaches to groundwater management are based. In
particular, re-defining the objectives of management may help identify avenues
for meeting core objectives when conventional management approaches prove
difficult to implement.

Figure 2.7 Regional and local groundwater occurrence in alluvial sediments
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3. Community-based responses
It is often suggested that, where market and state are both inefficient, there is a
strong case for strengthening community organisations by creating institutions
that can manage common pool resources, or CPRs (Chopra et al., 1990).
Specifically in favour of common property management is the argument that
“…provided rules and regulations for monitoring and enforcement exist, common
property regimes are efficient because they allow for economies of scale and
access - unlike private property - and for ecologically sensitive management
unlike state management, which is too distant” (Wade, 1988).
In this section of the report we explore whether community or user group
management of groundwater can provide a practical alternative to conventional
approaches. In other words, can self-regulation by groundwater users overcome
the political, technical and institutional hurdles that make conventional
approaches so difficult to implement. We begin by looking briefly at the political
and institutional context in which community-based approaches have come to
the fore, focusing particularly on the decentralisation agenda. Since 'the
community' is at the centre of discussions about decentralised natural resource
management, we then summarise - and question - some of the assumptions
that underpin community-based approaches generally, and community-based
collective action in particular. Drawing on these contextual insights and
findings from the case studies, we then discuss the factors that appear
important in initiating, shaping and sustaining groundwater management
institutions.

3.1 Community-based management and the decentralisation agenda

© BGS

A variety of approaches have been employed for implementing natural resource
management activities in India, with varying degrees of responsibility resting
with the state, local government, development agencies, NGOs and local people.
A dominant institutional theme emerging over
the past five years has been decentralisation, in
tandem with efforts to promote a more 'bottomup', participatory planning process (Carney and
Farrington, 1998). As the poor are
disproportionately dependent on common pool
resources, so the argument goes, improvements
in decentralised management - whether in equity
of rights and responsibilities, in resource
productivity, or in its sustainability - can
Cooling off in a check dam
contribute substantially to their livelihoods.
The consensus which underpins this has been termed 'the community based
sustainable development consensus' by Leach et al. (1997), and the 'new
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traditionalist discourse' by Singha et al. (1997). In India, however, political and
administrative decentralisation has been relatively recent (Box 3.1). The
conventional view until the late 1980s was that
rural communities lacked the necessary
knowledge and self-restraint to be entrusted
with the control of natural resources, and the

© ACWADAM

4

administration of property rights. The
intervention of the state in these duties was
therefore required, with government decisionmaking forming the practical basis and
ideological justification for environmental
policy.

Evidence of clear policy change in the water
sector came about firstly in 1987, with the
Women collecting drinking water from a well in
publication of the National Water Policy (NWP).
Samrapur village, Satlasana Taluka
The NWP aimed to develop a national consensus
on a broad policy framework for water management. The NWP calls for a holistic,
integrated and basin-orientated approach to water management, emphasising
decentralisation and greater participation in water management decisionmaking. Concerning groundwater 'management', however, principles have been
operationalised more through demand-led approaches to the provision of rural
(domestic) water supplies, and through the 'Common Guidelines'5 on watershed
development, which emphasise decentralised partnership arrangements and
user group participation in broad service provision. Management has
Groundwater
not been interpreted in terms of developing locally agreed controls on
management
groundwater access and abstraction through state/civil society/user
group partnership arrangements, or through user groups alone.

is not interpreted

Nonetheless, reform in all of these sub-sectors, and a renewed
emphasis on collective action and user participation more generally,
has
highlighted the importance of common pool resource groups. It
developing locally
therefore seems vital that their strengths, weaknesses and the likely boundaries
agreed controls
of their activity including the potential for self-regulation of groundwater use should be well understood.

in terms of

4

5
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Property is usually defined as an exclusive right to possession, use or disposal of anything, and the
social privilege to exclude others from use of the resource, or from deriving a benefit stream from the
resource in question (Bromley, 1989).
New Guidelines for Watershed Development (often referred to as 'the Common Guidelines') were
issued in 1994 by the then Ministry of Rural Areas and Employment. They marked a significant shift in
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Box 3.1

The decentralisation context

Three distinct institutional approaches to decentralisation have varying legitimacy and
potential capacity to contribute to livelihood 'improvements' (after Carney and
Farrington, 1998; ODI, 2000).
Administrative decentralisation, involving the dispersal of tasks and responsibilities of
higher levels of government to lower arenas. This includes the partial delegation of tasks
formerly carried out by government to NGOs and the private sector at local (district and
below) levels. In India, moves towards forming natural resource management
partnerships with communities or 'user groups' for particular resources, are favoured.
Administrative decentralisation is now the preferred institutional model for watershed
development, for example, though local government involvement, through Panchayati Raj
Institutions (PRI), is part of the mix.
Political decentralisation (devolution), or democratic decentralisation, refers to the
transfer of resources, power and often tasks, to lower-level authorities, which are largely
or wholly independent of higher levels of government and which are democratised in some
way and to some degree. PRIs operate independently of government departments but draw
on services from them. In India, where administrative decentralisation is now a core
feature of watershed development, growing attention is focusing on the interface with
political decentralisation through the Panchayati Raj local government reforms, and
particularly the role of Gram Panchayats. Under the 73rd Amendment of the constitution,
Panchayats have been assigned a wide array of shared functions with respect to economic
development and social justice. These include the management of natural resources, such
as water, and the provision of drinking water, although water supply and sanitation
programmes are also heavily loaded with processes of administrative decentralisation, as
described above. However, the emergence of Panchayats as actors in natural resource
management is still at a nascent stage, and their ability to make a serious engagement
would seem compromised by their limited technical capacity and financial autonomy. As a
result, Panchayats have generally not moved beyond infrastructural targets (building
roads, ponds and schools) to management.
Decentralised approaches also need to consider 'self'-initiated resource user groups that
are local, rather than decentralised. The Comman Project case studies highlight some of
the tensions that can arise when such groups are seen to challenge the power or interests of
the state, even when the state apparatus is supposed to facilitate, rather than control or
undermine. In the Arwari River Basin, for example, tensions between local communities,
their NGO 'supporter', Tarun Bharat Sangh (TBS), and the state government have boiled
over on a number of occasions. Here, the activities of TBS in supporting community-based
natural resource management, including efforts to conserve the benefits of groundwater
recharge through restrictions on crop choice, have deliberately not included partnerships
with administrative and political bodies.
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3.2 The community and collective action
Decentralisation and community-based management makes certain
assumptions about the nature and interests of 'the community', and the nature
of its dependency on natural resources such as groundwater. In particular,
questions concern the role of natural resources in community livelihood
strategies; the factors that influence - positively and negatively - collective
action; the operation of social capital; and the ways in which local communities
are integrated within wider political and economic structures (ODI, 2000).
What are these assumptions, and what is their rationale?
l

First, the community is defined by physical, location-specific parameters.
Specifically, it is often implicitly assumed to be a small, static, territoriallybound unit in which people have repeated face-to-face interactions, and in
which shared norms and patterns of reciprocity and exchange promote
shared understanding, and facilitate community action.

l

Second, the connotation of community is generally of a small, harmonious
group with internal mechanisms for fairly equitable conflict resolution. A
positive relationship between the community and natural resource
management is typically drawn. This traditionalist, or populist view, holds
that the meeting of local subsistence needs should be sufficient motivation
for community-level collective action.

l

A third critical assumption is that the community has an identifiable
relationship to a particular resource which excludes others outside of the
community. In particular, the community is assumed to be mutually
vulnerable, and mutually dependent, because of the centrality of resource
use in supporting livelihoods (Mearns, 1995).
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Starting from the assumption that people are not necessarily caught in a
commons tragedy or a trap, the Comman Project research poses a key question:
under what circumstances and conditions can
groundwater users dynamically and positively shape
economic and social institutions to arrive at local,
cooperative solutions to problems of resource use and
allocation?

An old tank near Pune now almost totally
silted-up
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Repeated attempts to compare and contrast collective
action-common property (see Box 3.2) experiences from
around the world suggest some indicators. Drawing on
the international literature summarised on the
Comman Project (Comman, 2005) and case study
findings, we attempt to pinpoint the factors that appear
relevant for groundwater management, drawing a
distinction between:

l

Factors affecting the initial feasibility of defining and establishing
management groups with effective control over resources. These concern
the resource-user interface, the characteristics of the community itself and
the wider socio-economic and political arena in which it operates. These are
termed first order conditions.

l

Factors affecting the operationalisation of collective management, including
the ability to define and operate rules and norms, monitoring arrangements
and sanctions for non-compliance. These are termed second order
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conditions. They are clearly influenced by the first order conditions, but relate
more to the way in which group management operates.
These factors are discussed further below, and compared across case studies in
summary form in Table 3.2.
Box 3.2

Common property defined: local management structures
for common pool resources

A common property regime is constituted by a well-defined group of users, a well defined
resource that the group will use and manage, and a set of institutional arrangements that
define each of the above. There should be rules of use for the resource in question, rules
for conflict resolution and the distribution of benefit streams, and finally mechanisms for
changing the rules of use (Bromley, 1989).
Common property should therefore be viewed as a particular type of socially constructed
property relationship. It has been variously defined but essentially consists of a
'distribution of rights in resources, in which a number of owners are co-equal in their
rights to use the resource' (Ciriacy-Wantrup and Bishop, 1975). This implies that
potential users are excluded. Indeed the whole concept of property is rendered empty
without the feature of exclusion hence the distinction between common property regimes
and situations of open access, in which there is no exclusion, and hence no property. The
feasibility of excluding or limiting use by potential beneficiaries is derived both from the
physical attributes of the resource, and from the property rights defined for it (Becker and
Ostrom, 1995).

3.3 Lessons from the case studies
3.3.1 Initial observations
The locations and research questions addressed by the Comman Project case
studies are described in Section 1.1. Table 3.1 summarises aspects of the
settings for each of the detailed case studies.
Before examining specific factors that shape the opportunities and constraints
users face in developing and sustaining group management initiatives, we make
some more general observations. Below we compare groundwater
Symptoms and
management experiences across the case studies, drawing out
important similarities and differences. In addition to the three
responses to
detailed case studies, experiences from the Pani Panchayat
groundwater
reconnaissance case study are included.
First, while the underlying causes of groundwater overdraft are
overdraft vary
common between case studies, symptoms and responses vary. In all
despite underlying
cases, well yields have declined to varying degrees, according to (a)
the degree of groundwater development that has taken place, (b) the storage
and causes
common
transmission capacities of the aquifer and (c) the rainfall pattern, these factors
having a degree of interdependence. For example, two villages were studied as
part of the Comman Project in the Coimbatore area of Tamil Nadu. The depth of

43

MANAGING GROUNDWATER RESOURCES IN RURAL INDIA

© BGS

weathering of the underlying hard-rock is quite different in each village (see
Section 3.3.2). Although well yields are declining, one of the villages is underlain
by a more deeply weathered aquifer, which has a higher storage and
permeability. Farmers there are still exploring for and developing groundwater.
In the village with the shallower weathered profile, well yields have declined from
unsustainable levels in the 1990s. There is little point to further exploration due
to the limited storage of the aquifer.
These changes in hydrogeological conditions can be traced
through to their impacts on livelihoods, though cause-effect
relationships are not always clear-cut. In the case study
villages of Satlasana Taluka, for example, the incomes of
many households have declined as returns from
groundwater-based agriculture have fallen with falling water
levels (Box 3.3). People have coped by diversifying
agriculture and livelihoods. In Coimbatore, on the other
hand, the diversification is not merely a coping strategy (Box
3.4). Shifts out of agriculture are occurring not just as a
result of the 'push' of a declining groundwater economy but
because of the 'pull' of higher, more secure, incomes on offer
in the rural non-farm and urban economies.

The owners of this brick-making
business no longer use agriculture as
their main source of income.

Secondly, community-level initiatives in watershed
development and related activities are being conducted in
each of the case study areas, based in part on the
establishment of user groups, with and without the involvement of
administrative and Panchayat Raj Institutions. Watershed development
initiatives all emphasise enhanced recharge of groundwater, and a range of
other farm and non-farm interventions. The local benefits that watershed
development programmes can bring are not in dispute here; what is less clear is
the extent to which they are attributable to changes in groundwater conditions,
as opposed to enhanced soil moisture retention and farming practices. Only in
the Arwari River Basin and Pani Panchayat schemes has group mobilisation
around demand-management objectives been attempted, and then as a
complement to supply-side activities. In the case study villages of Satlasana,
there is rich experience of community-mobilisation around various natural
resource management and harvesting objectives, including joint forestry
management. These now extend to consider watershed treatment and irrigation
practices, but not (yet) group controls on groundwater access, abstraction and
use to agreed management objectives (Box 3.5). The case study villages in
Coimbatore are similar in this respect, though here there is no embedded NGO,
and no experience of group management beyond that needed for governmentfinanced watershed development.

Thirdly, in both the Pani Panchayat and Arwari cases, the role of an external civil
society organisation has been instrumental in catalysing and sustaining
collective action. In Satlasana too, VIKSAT (a local NGO) has played a
fundamental role in building community awareness of, and interest in, natural
resource management. In both the Satlasana and Arwari cases, village-level
institutions are embedded in higher-level, federated institutions that help
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Box 3.3 Responses to groundwater overdraft and drought: a household story
from the village of Bhanavas, Satlasana Taluka, Gujarat*
Vijesinh's story is typical of many in the Satlasana area of Gujarat, where households have had to come to
terms with successive drought years, and a longer-term decline in groundwater availability and access.
Vijesinh has a family of five, including his mother, wife and two small children. He lives in a house with
concrete roof, brick walls and cement floor, built six years ago when times were easier. The family owns 5
ha of land, which used to be cultivated and irrigated with a dug well. The well was deepened to 80 feet in
2000, when the water level dipped and could provide enough water only for 3-4 months and not enough to
irrigate all five hectares. In 2001, Vijesinh excavated a 120-foot borehole in the dug well (creating a dugcum-borewell), with Rs 35,000 borrowed from a local moneylender at 3 per cent interest/month. He has
yet to repay the loan.
Prior to 1998 the first year of drought the household followed the general cropping pattern of the village:
groundnut, bajra and castor during the monsoon; castor, wheat and fodder crops in winter; and bajra
during the summer. From 1998, however, the family had to reduce the area under cultivation because of
groundwater scarcity. The area under water-intensive wheat was cut back first. By 2002, the household
was only able to grow 1.2 ha of wheat, 2.5 ha of castor and 1.2 ha of fodder (rajko). Vijesinh used to keep
eight animals, including four buffaloes, two bullocks and two calves. In 2001, he sold two bullocks for Rs
5000, using the money to buy fodder for the remaining animals. However, the severe shortage of fodder
that developed later in the year prompted further distress sales, and the calves were eventually sold for a
token Rs500 just to ensure the survival of the cows. At the same time, Vijesinh attempted to supplement
household income, and spread risk, by engaging in a variety of non-farm labouring activities, including
construction work in nearby towns. Changes in family income over time are illustrated below.

Source of Income
1998

2000

2002

3%
20%

The charts indicate how, in the period since 1998, (a) overall household income has declined,
(b) returns
Agriculture
33% husbandry (principally milk
from agriculture have decreased significantly, and (c) dependence on animal
Animal
husbandry
50% charts do not show are the more subtle
97%
sales) and the non-farm
economy
has increased.
What such
60%
20%
Non-farm labour
impacts on household welfare recorded during field work, including (particularly
for poorer households)
17%
postponement of marriages and other important social functions and, for some caste groups, 'mass
Source: Mudrakartha et al., 2003. Note: the decreasing size of the pie charts illustrates a decline in the family's total income
marriages' to reduce household expenditure.
since 1998.

These trends - agricultural contraction, shifts within agriculture, and shifts between the farm and nonfarm economy - are seen across wealth groups within villages and across villages in Satlasana more
generally. However, incentives and outcomes vary between different types of household. In Vijesinh's
case, diversification has been adopted as a coping strategy to reduce risk and increase labour days. In
other cases, although in the minority, diversification into non-farm activities has occurred because of the
'pull' of higher, more secure incomes on offer in the diamond-polishing industry and service sector, rather
than 'push' factors related to changing groundwater conditions.
* The collection of this information was partly supported by the project 'Adaptive strategies for responding to floods and
droughts' www.i-s-e-t.org/asproject.
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of groundwater recharge structures; and (b) empower people by connecting
them with a wider circle of allies with whom they can mount a more effective
lobby.
Fourthly, while collective action on water conservation objectives is found in two
of the case studies (see above), common property management is not. What is
the distinction? The essence of common property is the power to exclude
outsiders, such that CPRs become, in effect, private property for the group (Box
3.2). Yet in each case study, groundwater continues to be exploited under
conditions of open access, with controls only on use. Hence in the Arwari Basin
and Satlasana, informal norms restricting crop choice, and, indirectly,
groundwater use, occur in a context of unrestricted groundwater access, with
users continuing to drill new boreholes and deepen existing ones. Exclusion (to
those outside the basin) operates solely through physical boundaries and is
therefore 'leaky' - not through negotiated rights or norms defining who has, or
does not have, 'property'.
Finally, it is difficult to identify and 'weight' the factors that are important in
making group management feasible. For example, how does one gauge the
relative importance of 'charismatic leadership' and 'enabling external
conditions'? And to what extent can an abundance of one positive influence
compensate for the absence of others? Below, we attempt to draw some
conclusions, but note the importance of underlying principles, or issues, rather
than specific institutional-resource models that 'work' or 'don't work'. Table 3.2
summarises these in relation to each of the case studies.

Table 3.1

Summary of the settings for the detailed case studies

Case study

Lead

Case study

location

partner

setting

Satlasana,
Gujarat

VIKSAT

Three remote
villages in the
foothills of
the Aravalli
Hills

Geology

Fractured
and
weathered
granites

Climate

No.

Specific issues

households

of interest

Single
475
monsoon
season
average
annual rainfall

Role of village
federation in
natural
resource

603 mm

and potential

Basement
rocks with
differing
thicknesses
of

Bimodal
1850
rainfall
season
- average
annual rainfall

Growth of
the non-farm
economy
causes and
outcomes

High relief
basement rocks
with varying
thicknesses of
sediment
within valley
bottoms

Single
monsoon
season
- average
annual
rainfall
~500 mm

Effectiveness of
Village Water
Councils and
Arwari River
Parliament in
controlling
abstraction

management,

Coimbatore
District,
Tamil Nadu

Tamil Nadu
Agricultural
University

Two villages
~30 km to
the east and
north-west of
the industrial

Arwari River Institute of
Six remote
Basin,
Development villages,
Rajasthan
Studies
located in
the upper,
middle and
lower reaches
of a well-
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Table 3.2 Factors affecting opportunities and constraints for group
management of groundwater in the case study areas
Coimb

Satlas

Pani
Arwari
Panch Basin

Clearly defined boundaries

** to***

**

**

***

Congruence between hydraulic unit and management group

* to***

*

*

* to ***

*

**

*

First order conditions
Interface between resource and management group influences
who receives benefits and pays costs of group action

Management group characteristics - affects ability to define groups
of interest, management objectives and criteria for 'success'
Similar technologies and investment in groundwater assets

*

Similar livelihood strategies and interests in resource
conservation

*

*

**

**

Consensus on problem causes

*

**

**

**

Similar social - cultural characteristics

*

*

**

**

Prior experience of collective action

*

***

***

***

Nested institutions - helps ensure larger scale problems are
addressed; helps absorb some of the transactions costs of
group organisation
Management groups nested within higher levels of
organisation

*

***

***

***

Involvement of trusted civil society organisations

*

***

***

***

Strong leadership

*

***

***

***

External environment (policies, institutions, processes) defines
the wider influences and constraints on group management
Recognition of right to organise

?

**

**

*

Enabling legal framework

*

*

*

*

Wider economic signals encourage groundwater conservation *

*

*

*

NA

***

**

Second order conditions
(applies only to existing group management schemes,
i.e. Pani Panchayat and VWCs-AWP in Alwar)
Rules/norms defining groundwater access and/or use
entitlements defined and agreed

NA

Monitoring and sanction arrangements exist for checking
and enforcing compliance

NA

NA

**

***

Mechanisms/arenas exist for modifying rules/norms

NA

NA

**

**

Notes: *** enabling/supportive; * disabling/unsupportive. Factors affecting the viability of collective
action (first order conditions) help shape the ability of users to define and agree rules/norms influencing
user behaviour, monitor such rules/norms, apply sanctions and re-define rules/norms (second order
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Box 3.4. Livelihood diversification in Coimbatore, Tamil Nadu
Understanding the range and dynamics of livelihood options, and the choices made by different
groups within communities, is an essential starting point for any evaluation of community interest in
groundwater management. The Comman Project case studies highlight a diversity of livelihood
strategies that are shifting in response to declining groundwater access and independently of it as
new opportunities develop in the non-farm economy. These 'push' and 'pull' factors can create
increasingly divergent interests in groundwater conservation, rather than a collective incentive to
preserve stocks for shared, long-term livelihood strategies.
Evidence from Coimbatore illustrates how household and wider regional economies can change
rapidly as urban-rural links and communications improve. Here, we see some of the positive drivers
and outcomes of diversification, and how diversification and specialisation can occur at the same
time but at different levels. In the villages of Kattampatti and Kodangipalayam, for example, many
wealthy households have specialised in textile manufacture as congested urban centres out-source
production. Poorer households - the landless and marginal farmers also appear to have benefited,
with new labouring opportunities in the power loom sheds providing a way of increasing household
labour days and incomes and spreading risk. At the same time, the proportion of income derived from
agriculture has declined. Poorer groups shift to cultivating less water-intensive crops, increasing
rainfed agriculture and land left fallow. In summary then, the range of economic options has
increased, with a shift away from employment and income dependence on agriculture across wealth
groups:
Changes in household income over time: Kodangipalayam village, Coimbatore

Landless & marginal landholders
1990-91
2000-01
25%

47%

18%

Medium & large landholders
1990-91
2000-01

Small landholders
1990-91
2000-01
20%

70%

28%

12%
0%

88%

45%

10%
10%
28%

72%

68%

4%

55%

0%

In Satlasana (Box 3.3), on the other hand, the 'push' factors are more obvious, as some households
Own farm
are forced from irrigated agriculture (as land-holders and labourers) into animal husbandry
and
Agric. labour
Source: Palanisami et al., 2003.
seasonal, and longer term, migration. At the same time, opportunities in the rural non-farm
economy
Non-farm
are 'pulling' others into diamond polishing and the service sector.
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Box 3.5 Community institutions and household perceptions in Satlasana,
Gujarat
The Comman Project studied the villages of Bhanavas, Nana Kothasana and Samrapur, in Satlasana Taluka, which sit
in the foothills of the Aravalli Hills in the north-east of Gujarat. Farmers in this area traditionally practised rainfed
agriculture, but changed to groundwater-irrigated agriculture in the 1980s and 1990s. However, the level of
groundwater abstraction required to maintain the boom in irrigated agriculture was not sustainable and, since the
mid-1990s, agricultural production has declined. The problems associated with reduced groundwater availability
have been exacerbated by the drought of recent years. In response to declining agricultural production, people
became more dependent on animal husbandry; this itself has become difficult during the drought due to the lack of
fodder. With the loss of agriculture-based livelihoods, many have been forced to migrate to nearby districts for
sharecropping and further, in search of non-farm employment.
VIKSAT has pioneered natural resource management through collective action in Gujarat since 1985, initially
through joint forest management in Sabarkantha District. In 1993, VIKSAT moved into water resources, working with
the Tree Grower's Cooperative Societies in 32 villages in the Gadhwada region of Mahesana District. In 1995 these 32
Societies joined to form a federation named the Gadhwada Jal Jamin Sanrakshan Sangh, which sets out to protect
water and land in the Gadhwada region. The Gadhwada Sangh's initiatives in water initially focussed on individual
economic decisions that impinged on sustainability of water resources but has recently, with the support of VIKSAT,
been pushing an integrated approach to water resource management. The activities it promotes are those commonly
undertaken in watershed development, including improved irrigation techniques, changing cropping patterns, the use
of field bunds and the installation of check dams. However, even with two decades of involvement in the region,
VIKSAT has made little progress in developing, with the community, norms that would limit access and withdrawal of
groundwater. Some of the underlying reasons can be understood with reference to the table below, summarising
household views on potential solutions to groundwater scarcity in the villages of Bhanavas, Nana Kothasana and
Samrapur:
Household views on potential solutions to water shortage
Provision of community wells for irrigation
Improvement in irrigation technology (sprinklers; drip etc)
Further changes to cropping pattern (less water-intensive crops)
Watershed treatment e.g. increasing no. of anicuts and medbandi
Community (village)-level irrigation systems
Community restrictions on groundwater pumping
Secure water from outside sources
Revival of traditional, communal irrigation systems e.g. tanks

Number (%) N = 29
13
(45%)
11
(38%)
9
(31%)
5
(17%)
4
(14%)
4
(14%)
4
(14%)
0
(0%)

Source: Mudrakartha et al., 2003. Note: water shortage relates to groundwater for irrigation use only; drinking water supplies are
piped in under the Dharoi Group Water Supply Scheme (Gujarat Water Supply and Sewerage Board)

Drawing on these results and the findings of more open-ended household and group discussions, several points
emerge.
l
Firstly, the most popular, community-based option is the provision (by an external actor) of shared irrigation
wells. However, these are viewed as additional to, rather than a substitute for, existing (private) wells. In other
words an extension of groundwater access rather than a reallocation of existing supply.
l
Secondly, community self-regulation is widely perceived as unrealistic in the absence of any regulatory
framework, and certainly not favoured by those with most to lose in the short term particularly larger
landholders with substantial 'sunk' investments in groundwater infra-structure. Indeed, the prevailing
entitlement regime, in which landholders are free to draw as much water as they need, or can afford, is viewed as
legitimate by those with and without access. Nonetheless, broad support for enabling regulation by the
government was articulated (well spacing; well depths), under which the community could then take on some
management control through a Samiti a village water council or cooperative.
l
Thirdly, prior experience of new micro-irrigation technologies in the area (promoted by VIKSAT), and the fact
that technological change does not involve painful water reallocation, helps explain the popularity of this option.
However, VIKSAT recognises that conservation gains here are by no means assured: with no cap on pumping,
farmers will not necessarily abstract less water (irrigated area may increase; crops may change).
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3.3.2 The interface between resource and management group
At the beginning of the project, a distinction was drawn between aquifer
management and groundwater management. At a local, community level,
therefore, a critical question is whether small parts of an aquifer (beneath the
management group) can be effectively 'closed off' to outsiders, such that the
groundwater conserved is largely accessible to the group alone. Case study
findings and groundwater modelling suggests that the ability to exclude nonparticipants from management initiatives is difficult. Hydrogeological boundaries
are not easy to define and, even in hard-rock environments where groundwater
flows are limited, the likelihood that users will be able to capture the benefits that
issue from their collective efforts, over limited geographical scales, is not assured.
Chapter 2 described the varying characteristics of aquifers: whereas some span
many hundreds of kilometres in the case of the deep sedimentary basins;
others, the result of the weathering of crystalline rocks such as granites or
basalts, may span little more than a few hundred metres. This scale issue
(Figure 3.1) has great relevance to the feasibility of local management of
groundwater.

Measures to augment groundwater resources
are present across the case studies, and form
a key component of most watershed
development programmes in India. Recharge
structures are designed to retard the flow of
water over the land surface, with the aim of
increasing infiltration. These structures
range from field bunds and small check dams
to major percolation ponds. Measures to
conserve groundwater through less pumping
for crop irrigation are less common. A check dam in a narrow steep-sided valley in the
Measures include reducing the area and Arwari River Basin
number of seasons of cropping; cultivating crops with lower water requirements
and implementing more water-efficient irrigation methods, such as dripirrigation. Within the case study areas, group restrictions on groundwater use
(though not the right to abstract) are limited to the Arwari Basin and Pani
Panchayat initiatives (see Boxes 3.6 and 3.7). The hypothesis is that by
enhancing water recharge during the monsoon season, and/or by reducing
abstraction during the growing seasons, an increased stock of groundwater (a
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The need for congruence between natural resources and user group boundaries
is generally recognised as a key component of common property regimes.
Groundwater raises particular challenges in this respect: it is very difficult to
know where the boundaries occur as groundwater is a hidden resource, and
hydrogeological information - especially at a local level - is limited. We can say,
however, that in most hydrogeological environments, aquifer boundaries
encompass many communities, particularly in the case of large regional
aquifers. A key question explored by the Comman Project is whether small parts
of an aquifer (beneath the user group) can be effectively 'closed off' to outsiders,
such that the groundwater resources, augmented and/or conserved, are largely
accessible to the user group alone.
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'mound') can be created beneath the land of a group of users. This 'mound' can
then be accessed later, perhaps to enable drinking water supplies to be
maintained during the latter part of the dry
season or as a buffer for subsequent years, when
the rains could potentially fail. A key question,
then, is whether this stock will remain in the
control of the user group, or whether a
significant proportion will simply flow away,
moving off down the natural regional
groundwater gradient, or be pumped away by
those outside the group.
Some simple computer modelling was
undertaken as part of the Comman Project to
A Pani Panchayat scheme based on a surface water
irrigation source. Boundaries to the resource are
gain further insight into this question, using a
clear and to-date the scheme is successful
simplified conceptual model of aquifer systems
in India. The model simulates an aquifer with uniform hydraulic properties and
depth. Modelling indicated that even under the most favourable conditions, a
significant proportion of the water conserved at the scale of a village or group of
villages would flow away from its control. The implication is that there must be
some physical boundary to the flow of groundwater to ensure the water
conserved by the user group is not lost and, therefore, that the user group
boundary must be similar in scale to that of the boundary of the aquifer(s)
underlying it.
Illustrations of this are given by two of the case studies (see Figure 3.2): the
Arwari River Basin and the Pani Panchayats of Maharashtra. In the former case,
an enclosed basin comprising a series of enclosed village-scale watersheds with
well-defined geologies, creates natural and clearly identifiable hydraulic
boundaries. These provide some degree of 'natural' exclusion. As a result
individual villages, and the villages within the basin, are able to capture some of
the benefits of both groundwater recharge and conservation, even though
landowners are still able to drill new wells and deepen existing ones. No
restrictions apply to accessing and pumping groundwater, so open access
within the basin remains. In the Pani Panchayat area, however, physical
Measures to
exclusion is more difficult. The so-called user group (Pani Panchayat
augment
scheme) is small as compared to the aquifer it taps. As a result, those
outside the scheme and not bound by group norms are able to 'free ride',
groundwater
pumping for themselves the conservation gains of others.

are more

Clearly the simplifications made within the conceptual model used are
great.
Aquifers, in particular shallow, hard-rock, weathered-zone aquifers
acceptable
are not uniform in nature. In these geological environments, the lateral
than those tovariability in the degree of weathering may be significant. Here, enhanced zones
of weathering may exist that create relatively isolated pockets of aquifer, when
conserve it
the water-level falls below a certain depth. As a result, in these situations,
individual farmers may be able to benefit to a degree from the measures they
undertake to conserve water.
However, the variability of weathering within hard-rock aquifers is very difficult
to predict or assess. For example, the two Comman Project case study sites in
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So, to summarise, the scale at which
groundwater management must take place
to be effective is highly dependent on the
geology. Groundwater management requires
that the boundaries of the resource be
known. Even where this is possible, resource
and institutional boundaries may not A high dam built across a steep valley in the
match. Where resource boundaries are Arwari River Basin
large, it is challenging to scale-up user group
initiatives to match, as the transactions costs of collective action increase with
group size.

Figure 3.1 Local and regional aquifers in weathered basement rocks
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Conceptual diagram of localized groundwater occurrence: Kodangipalayam village, Coimbatore District
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Conceptual diagram of regionalized groundwater occurrence: Kattampatty village, Coimbatore District
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the Coimbatore area of Tamil Nadu, located 20 km apart, are both underlain by
crystalline basement rocks. Due to the different mineralogy, grain size and
structure of the rocks, the shallow weathered layer is quite different in nature at
the two locations (see Figure 3.3). In Kodangipalayam the weathering is limited;
the shallow aquifer is typically 10 m deep. In Kattampatty, it is typically 35 m
deep. In Kodangipalayam, the aquifer is very patchy with outcrops seen in many
locations; in Kattampatty, the aquifer extends laterally for up to kilometres and
could be described as regional. The potential to ring-fence the water conserved
would appear to be greater in
Kodangipalayam, but even with detailed
hydrogeological investigation, it would be
difficult to assess to what degree.
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Figure 3.2 User group control of conserved groundwater resources

Having developed a set of norms to reduce groundwater abstraction and
implemented measures to increase recharge, can one groundwater user
group remain in control of the water they have conserved while those
around continue to pump heavily? Will a 'mound' of water develop beneath
the land for their future use, or will this water simply flow away, becoming
accessible to surrounding outsiders? The results of the Comman Project
suggest that in many geological settings it would be impossible for the
group to retain exclusive control over the benefits of their conservation
efforts (see the Pani Panchayat case study village in Box 3.7).

In the Arwari River Basin, the incised valleys in the upper reaches have
natural boundaries to groundwater flow. They also form good sites for
constructing high capacity check dams. Although groundwater is lost from
the village catchment by lateral flow down-gradient, the influence of
abstraction beyond the village boundary is not likely to be significant.
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Figure 3.3 Variability in the nature of the shallow weathered zone in
hard-rock aquifers

Kodangipalayam area

Schematic diagrams to illustrate the variability in the nature of the
shallow weathered zone in hard-rock aquifers within tens of
kilometres, as with the two case study villages in Coimbatore
District

Kattampatty area
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3.3.3 Management group characteristics
The viability of user group management of groundwater ultimately depends on
whether individuals within defined groups have a strong incentive to co-operate
to achieve shared objectives. Individuals are more likely to switch from
independent strategies to coordinated strategies when they are mutually
vulnerable, and mutually dependent. The Comman Project case study findings
suggest that communities consist of numerous configurations of interest, and that
defining groups and management objectives is likely to be increasingly difficult as
household economies and wider regional economies diversify.
The evolution of user-based solutions to common resource problems is often
attributed to the existence of a community sharing a common goal or interest
that cannot be reached or satisfied by individual action. International
experience suggests that collective action is most likely when the community is
mutually vulnerable, and mutually dependent. In other words, the more a group
is dependent on groundwater to support shared livelihood strategies, and thus
the greater the risk of non-cooperation, the greater the likelihood of collective
action.

© VIKSAT

Our case study findings support this argument, providing a rough continuum of
dependence and vulnerability. In the Arwari Basin, for example, livelihoods are
still heavily dependent on groundwater. Most households own land and irrigate.
The larger land-holders are increasingly commercial in their outlook, growing
cash crops for nearby towns and cities - including Delhi - as transport and
communication links improve. In the Pani Panchayat area agriculture similarly
provides the mainstay of the local economy though, here too, shifts out of
agriculture are occurring. In both cases, groups have succeeded in managing
groundwater around broadly defined conservation objectives that support
similar livelihood strategies. In the Arwari Basin, the NGO Tarun Bharat Sangh
(TBS) defines preconditions for community support. These include the election
of a Village Water Committee (VWC) to oversee construction activities and
organise fund raising. Representatives from the VWC are then entitled to join
the Arwari Water Parliament (AWP), where
protocols on basin-wide natural resource
management, including cropping restrictions
indirectly limiting water use, are agreed (Box
3.6). In the Pani Panchayat case, a single,
nodal institution (the NGO Gram Gourav
Pratisthan GGP) also responds to community
requests for assistance and sets
preconditions for such assistance. However,
conditionality does not extend to the
establishment of village water councils or
A meeting of Gadhwada Jal Jamin Sanrakshan Sangh
committees. Instead, individual households
within a scheme agree to abide by a set of water allocation and cropping norms
defined by GGP according to local hydrological and agro-economic conditions
(Box 3.7).
In contrast to Arwari and, to a lesser extent the Pani Panchayat areas,
significant livelihood shifts have occurred in the case study villages of
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Box 3.6

Conserving the benefits of watershed treatment in the Arwari
River Basin

The activities of the NGO, Tarun Bharat Sangh (TBS) in the Arwari River Basin, Rajasthan, have
received a great deal of attention over recent years. TBS began working in the basin in 1985, supporting
the construction and rehabilitation of traditional water harvesting structures called Johads (small
check dams), as well as field bunding and other watershed 'treatment' activities. Around 300 structures
have now been constructed or rehabilitated within a basin of approximately 1050 km2. Specific impacts
reported include: the return of perennial flows in the Arwari River; positive outcomes for rural
livelihoods across wealth groups; a reversal of out-migration, and a new sense of intra and intercommunity empowerment, following the formation of village water councils (VWCs) and, at the basin
level, the Arwari Water Parliament (AWP) in 1998.
The Arwari Water Parliament
The AWP is an informal, non-government forum set up in 1998 (with the support of TBS) to address
wider inter-village issues arising from watershed development in the basin, and to promote community
control and management of water, land and forest resources more generally (Rathore, 2003). The full
parliament meets twice yearly, with representation from the basin's 70 villages (through village water
committees - VWCs), and a limited external membership of 'experts' and academics. The parliament
discusses, and then agrees, informal rules restricting individual behaviour, which are then conveyed
downwards to individual villages through elected VWC representatives. These are then discussed and
implemented at village level entirely through social or moral pressure. Informal norms are discussed,
and if necessary revised, at each parliamentary meeting. They currently include:
l
A ban on the sale of fish produced in the water stored behind anicuts or johads
l
A ban on the use of pumps to lift surface water stored in anicuts
l
Agreement not to sell land for industrial activity that might compromise collective water resource
management efforts
l
Restrictions on the use of chemical fertiliser
l
Restrictions on crop choice, specifically limiting production of cotton and sugar cane to household
use only, not commercial sale. Field work suggests this restriction is adhered to widely.
Demand management lessons
TBS has worked in the Arwari basin area for many years, supporting and encouraging community selfhelp. It is a trusted organisation, with a legitimate and charismatic leadership. Importantly, watershed
activities began with support for the building of treatment structures, creating a tangible entry point for
community mobilisation. Moreover, the hydrogeological and topographic characteristics of the basin,
and the micro-watersheds within it, created conditions in which the benefits of group action around
recharge could be quickly appreciated. Only once these activities were firmly established was the issue
of demand raised, and then through a higher level organisation the AWP ensuring that VWC members
were involved, and consulted, in decision-making. This has helped create a climate of mutual
assurance: users feel confident that if they abide by the rules, others will do likewise.
It needs to be emphasised that, thus far, the groundwater restrictions agreed extend only as far as crop
choice. Crops are visible, and it is easy to see whether other users are abiding by the parliament's code.
Neither the VWCs, the AWP nor TBS has yet sought to extend these voluntary codes to include direct
restrictions on well drilling and pumping. These would be much more contentious, and difficult to
monitor. So, in spite of the well-publicised benefits of TBS's work in the area, investment in groundwater
infrastructure and pumping is still increasing. Indeed firm conclusions about the impact of watershed
development on groundwater conditions remain difficult to draw in the absence of systematic, long-term
monitoring. A tentative conclusion is that benefits may be attributable more to improvements in soil
moisture retention and land improvement, rather than a balancing of groundwater demand and supply.
This has led some to conclude that, without further restrictions on groundwater pumping, the benefits of
watershed treatment in the area may not be sustainable (Rathore, 2003).
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Box 3.7 The Pani Panchayat initiative: decoupling land and water rights
In the early 1970s, Naigaon village, located in a drought-prone area of Pune District, Maharashtra,
saw the beginning of an initiative in water rights and distribution, called Pani Panchayat. It was
initiated by the late Mr Vilasrao Salunkhe, and has since been carried forward through the NGO
Gram Gaurav Pratisthan (GGP). It originally involved some 40 participants. Water security for
every family, including the landless, was the goal of the experiment. Mr. Salunkhe believed that
watershed planning can only be successful within low rainfall environments if drinking water is
prioritised and agricultural uses restricted to the cultivation of less water-intensive crops.
There are currently 25 schemes in place (Kulkarni et al, 2003). These schemes are based on either a
groundwater or surface water communal source. Within a Pani Panchayat village, typically a third
of the land area is brought under the control of the scheme. The purchase of land and the subsequent
development of the scheme (e.g. well construction, terracing and bunding, purchase of pumps and
pipework) is usually funded by GPP with 20 per cent of the cost borne by the community.
Hydrological parameters, such as groundwater level, surface water level and/or rainfall are used to
assess the amount of water that can be distributed during the year for crop irrigation. At least in
some schemes, external monitors are used to operate pumps and ensure the agreed norms are
followed. GGP provides the role of external auditor and arbitrator.
The scheme is then managed on the following principles:
l

Land and water is distributed based on the number in each family involved, including the
landless. Typically 1.2 ha of irrigated land is apportioned to each family member, and an upper
limit of 1000 m3 per capita per annum is provided (although the actual limit is decided upon the
availability of water for a particular year).

l

Only seasonal crops are irrigated. Water-intensive crops such as sugarcane are not permitted
and irrigation is allowed only for 8 months.

l

Water and land rights are not linked. Water rights rest with the scheme members' community
and are not transferred with land sale.

Notably the surface water schemes, which predominate in the higher rainfall zones are proving
more successful. This may be partly because they are based on a source which is visible, making it
easier to estimate the optimum distribution of water. The Naigaon model scheme, located in a very
low rainfall zone of ~400 mm/a, is based on a single groundwater source. The Naigaon watershed is
located on the Deccan basalts that occupy approximately 500,000 km2 of India. The aquifer
underlying Naigaon has relatively high storage and permeability for this type of hard rock. The
scheme has survived several droughts successfully but is currently endangered by gradual
deterioration of the surrounding environment. Although no major demographic changes are
reported, there has been an enormous technical change, i.e. wells being deepened, converted to
dug-cum-borewells and the introduction of deep borewells, and the conversion from diesel engines
to electric pump sets. This has meant a progressive increase in groundwater abstraction in the area
surrounding Naigaon village, resulting in significant groundwater depletion effects being felt in the
area and a decline in the water levels in the main Pani Panchayat communal well. The scheme
clearly cannot operate in isolation from the surrounding communities.
Pani Panchayat schemes are initiated and operated under a range of other limitations, in particular
the lack of official backing from the Government. This makes it difficult to obtain Government
subsidies for the scheme (normally available for small and marginal farmers) and to obtain
Government permission to dig community open or borewells (Kulkarni et al, 2003).
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Coimbatore with the result that a broadly felt interest in groundwater
conservation is more difficult to detect. Here, household incomes across wealth
groups are increasingly drawn from activities in the non-farm economy which
are less groundwater dependent, such as textiles, quarrying and brick
production (see Box 3.4). The 'stake' that households have in the condition of
groundwater resources is therefore changing, and waning, as the ability to build
assets and incomes becomes less dependent on local groundwater. Note that
such transitions do not necessarily result in lower groundwater use, as those
remaining within the groundwater irrigation economy may be able to 'capture'
more. In Coimbatore the position is unclear: on the one hand, the proportion of
rainfed and fallow land is increasing; on the other, some larger
External catalysts
landholders are increasing the proportion of water-intensive,
commercial crops such as sugarcane. Overall, however, there is
are often
clearly a long-term shift into a more mixed economy, less constrained
by limited, local water budgets. In these circumstances, the longresponsible for
term incentives for collective action around groundwater
collective
conservation objectives are much less obvious.

management
Drawing together insights from all of the case studies, but particularly those
from Coimbatore and Satlasana, we would therefore argue that communities
consist of members with (increasingly) different interests in groundwater
conditions, and that numerous configurations of interest are possible. The
particular constellation of interests or dependencies may include, or be based
on:
l

Different endowments of land and other assets (e.g. wells, pumps) affecting
the type, intensity and scale of irrigation needs - and perceived entitlements
- for own consumption, for income generation and for wage labour.

l

The time horizons, or discount rates, of different groups: those who view
groundwater conservation as an investment in future productivity; those
who view conservation as a means of (indirectly) increasing opportunities for
wage labour in the agricultural sector; and those who have little interest in
conservation (beyond perhaps assured drinking water supplies) because
they have diversified into non-farm livelihoods that are less directly
dependent on the natural resource base.

l

Variability in access to different sources of drinking water: those with their
own private groundwater sources; those dependent on communal drinking
water sources; those with a reliable externally-sourced piped alternative;
and those with an intermittent externally-sourced water supply who may
still be partially dependent on groundwater during periods in which piped
water is not available.

The key point here is that the potential range of different interests can lead in
different directions, making collective management arrangements difficult to
negotiate and sustain. Difficulties are compounded by the prevailing
entitlement regime, in which customary groundwater rights (linked to land) are
both entrenched and perceived as legitimate across wealth groups. Moreover,
fragmentation of inherited land has resulted in more wells being constructed
and the complication of the 'water rights' regime. Where limited collective
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management does occur (in the Arwari Basin, and under the Pani Panchayat
initiatives), the catalyst has been external: groups have not 'self-organised' in the
face of shared threats, or opportunities, and the primary objective of
organisation has not been groundwater conservation.

3.3.4 Nested institutions and the external environment
Case study findings support the view that the 'nesting' of local institutions into a
broader framework of larger-scale institutions can help reduce the transaction
costs of collective action. Nesting can bring other benefits too, helping to empower
groups in an environment that offers little support for demand management.
It is not only group-level characteristics, or group-resource interfaces, which
affect management capability. Chapter 2 of this report discussed in some detail
the constraints on groundwater management posed by the lack of clearly
defined property rights to groundwater, and the resultant 'rule of capture' that
prevails. This undermines both state-led approaches to groundwater
management, based on regulatory control, and the community-based
approaches discussed in this section.

© ACWADAM

To be effective, the ability to physically exclude potential beneficiaries (users)
from 'mining' group-conserved groundwater should ideally be backed up by
property rights that are legally defendable. This is clearly not the case in India at
present, nor is it likely to be in the foreseeable future. So any demand
management gains within the Arwari Basin, for example, depend on physical
exclusion only. At the same time, however, landowners within the basin
continue their investment in groundwater
development. In the Pani Panchayat case,
management gains are being undermined through
'leaky' physical boundaries as those outside the
scattered schemes sink new wells and deepen
existing ones. At the same time, cheap energy and
credit (see Chapter 2) provide users with
additional incentives to exploit, rather than
conserve.
Within this 'disabling' external environment, the
institutional arrangements developed in both the
A Pani Panchayat well, where water levels have
Pani
Panchayat and Arwari areas have provided
dropped due to groundwater overabstraction in
surrounding areas
some much needed cement to group management.
In both cases, the role of external civil society actors has been instrumental in
catalysing and sustaining collective action. In Satlasana too, VIKSAT has played
a vital role in building community awareness of and interest in natural resource
management. In both the Arwari and Satlasana cases, village-level institutions
are embedded in higher-level, federated institutions that serve a number of
functions:
l

They provide arenas through which the operational norms governing
groundwater access and/or use at lower levels are set (Pani Panchayat and
Arwari River Basin).
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l

They provide a mechanism for harmonising upstream-downstream conflicts
arising from watershed development activities. So in the Arwari Basin, for
example, the pumping of water pooled behind johads and anicuts - water
which infiltrates to, and benefits, downstream users - has been prohibited
by a basin-wide authority (the parliament), able to hear and reconcile the
views of different users.

l

They help empower people by connecting them with a wider circle of allies
with whom they can mount a more effective lobby (Pani Panchayat, Arwari
River Basin and Gadhwada Jal Jamin Sanrakshan Sangh in Satlasana case
study).

3.3.5 Developing community based management in the case study areas
Drawing on the analysis above, key questions concern the viability of
establishing group management initiatives in the case study areas where none
currently exist, and the feasibility of strengthening and extending group
management within and beyond those areas where limited self-regulation does
exist. In Table 3.3 these questions are explored through an analysis of the
potential or existing strengths and weaknesses of community-based initiatives
in each area, and of the opportunities and constraints that might influence
future development. This is termed a SWOT (strengths, weaknesses,
opportunities, threats) analysis. In Chapter 4, arguments are developed further
by widening the perspective beyond group management, to consider a range of
both water and livelihoods-focussed responses to overdraft problems.
The preceding sections provide some explanation for why group management to
address overdraft has not emerged in the Satlasana and Coimbatore areas.
Linking this with the SWOT analysis, the potential for development of group
management around resource conservation, and the likelihood that small-scale
initiatives would bring tangible benefits to the group, also appears low. There
are several reasons for this.

© BGS

In the Satlasana case, aquifers may be in direct
hydraulic connection with the deep alluvial
system that underlies much of north-central
Gujarat. If this is the case it would mean that
local conservation gains would be undermined
by wider (uncapped) abstraction and water level
declines. In spite of many enabling conditions
then prior experience of collective action, the
presence of a coordinating NGO amongst others
there may be a fundamental scale constraint. In
Excavation to provide storage upstream of a check
the Coimbatore area, this has a rather different dam. Households are paid by the volume of
removed: small earth walls show the
dimension. Here, local variability of weathering material
boundaries between where different households
within the hard-rock aquifer would make it very have been digging.
difficult to predict whether, and to what extent, it would be possible to capture
conserved water, even with hydrogeological investigation. Moreover, other
fundamental obstacles to group management exist in the form of diversification
by households, and of the economy, that mitigate against collective agreement.
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In both cases, we would argue that it may not be possible to overcome the
constraints on group management. This is not to say, however, that other groupindividual initiatives aimed at increasing the efficiency of water use, enhancing
the availability of water in wells within the command areas of recharge
structures, or increasing soil moisture retention, should not be supported or
could not be improved, as Chapter 4 makes clear. Rather, the argument is that
group management of groundwater, based around a collectively agreed
conservation goal, may not be viable as a means of solving local - or regional
overdraft problems.
Turning to the Arwari and Pani Panchayat initiatives, key questions relate to
their development potential, and whether either approach could be promoted as
a 'model' for addressing overdraft concerns. In both cases, there are
Hydrogeological many positive features to build on: resident NGOs and established
community support structures; secure funding; and prior experience of
advice may
collective action and community self-help, for example. As the
help assess the preceding discussion makes clear, however, neither initiative currently
appears able to solve local, or regional, groundwater overdraft. What,
risk of losing
then, for the future?

conservation
gains

In the Pani Panchayat region, both domestic and agricultural water
supplies are threatened by regional over-exploitation, despite substantial
investment in community-based water harvesting and conservation. Within the
Pani Panchayat initiatives themselves the benefits of self-regulation are also
threatened, in part because each initiative is relatively small and abstraction
cannot be controlled beyond the scheme's community wells. One option being
explored to address this problem amounts to the scaling-up of scheme protocols
on the back of large watershed development projects planned for Pani Panchayat
areas. In other words, watershed projects would introduce an element of
conditionality: to become eligible for a project, communities within a watershed
would undertake to share groundwater equitably, and according to availability,
attempting to balance demand with supply. Hydrogeological advice would be
sought to define (roughly) the latter, and to indicate locations for projects where
conservation gains would at least be less likely to be lost to surrounding
watersheds or to deeper, heavily exploited aquifer systems, given the nature of
regional aquifers and hydraulic connectivity.

While intuitively attractive, 'piggy-backing' Pani Panchayat principles on
watershed development initiatives presents some major challenges. First, the
scale issue: finding watersheds where conservation gains could be retained
within the basin (like Arwari) immediately limits applicability and implies a level
of situational knowledge (“how do we know which hydrogeological situation
we're in?”) that is not currently employed within watershed development
programmes. Secondly, Pani Panchayat principles, which decouple land and
water rights, would be highly contentious in watersheds where prior customary
rights are already established, i.e. where private groundwater development has
already occurred. Thirdly, there is the challenge of securing agreement amongst
a larger number of households and villages within a watershed, not just between
households using single community wells. A preliminary conclusion is that Pani
Panchayat principles could only be effectively integrated within watershed
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STRENGTHS

Village committees nested within AWP

Upstream-downstream externalities
internalised through AWP consultations
and protocols

Restrictions on water-intensive crops
complement treatment activities

Protocols defined at basin scale (AWP),
implemented at village level wide
consultation and therefore adoption

Well-defined basin boundaries help
residents 'protect' forest and water
No restrictions on groundwater access
resources
within, or outside, the basin

l

l

l

l

l

l

l

l

l

l

l

'Private' rights of landholders to develop
new wells and deepen existing ones
perceived as legitimate
Further checks on demand (beyond
crop restrictions) contentious, unlikely
Understanding of groundwater
conditions limited; information on longterm trends anecdotal, ambiguous
Despite protocols on water use,
groundwater potential still viewed as
unlimited
Requires permanent NGO oversight TBS still present after >15 years
AWP has no formal, legal status
actions have no legal backing

Slow, incremental build-up: start small,
generate demand, scale-up

l

l

Sequencing of activities: began with those
that were relatively easy with more
tangible benefits before more difficult
activities

km2 river basin

Watershed treatment scaled up over 1000

l

l

Arwari* (Rajasthan)

l

l

l

l

l

l

l

l

l

l

l

l

l

l

Blunderbuss approach to site selection
makes each scheme vulnerable to
outside influence
Inability to limit abstraction beyond PP
community wells
Small size of individual initiatives
Rights defined by GGP have no legal
backing within, or outside, initiatives difficult to defend
Requires permanent NGO oversight GGP still provides support to old and
new schemes

Many PP initiatives still survive and
operate after several decades
Land and water rights decoupled
Water rights volumetrically defined, and
allocated equitably - by GGP
Water rights define variable rather than
absolute shares - flexibility
External auditors monitor allocations,
create assurance
Restrictions on crop choice negotiated
through higher level organisation - GGP
Resident NGO (GGP) with charismatic
and high-profile leadership
Activities coordinated through single,
trusted NGO (GGP) providing long-term
support
Formal registration of GGP as society

Satlasana (Gujarat)

l

l

l

l

l

l

l

l

l

l

l

No restrictions on groundwater access
or abstraction, either direct or indirect
'Private' rights of landholders to develop
new wells and deepen existing ones
perceived as legitimate
Without checks on water abstraction or
use, conservation gains from new
irrigation technologies may be
negligible
Interconnectivity of aquifers may lessen
impact of local recharge and
conservation initiatives
Sustainability of village cooperative
groups and federal Sangh still
dependent on VIKSAT support

Prior experience of community
organisation around NRM through
cooperative societies, self-help groups
Community groups federated at taluka
(block) level through Sangh opportunity for wide consultation and
adoption of new initiatives
Some experience with watershed
treatment initiatives and promotion of
low cost drip and sprinkler systems
Resident NGO (VIKSAT) offering longterm support
NR activities coordinated through
single, trusted NGO (VIKSAT)
Formal registration of federal Sangh as
society

No existing group management of
groundwater, but:

Pani Panchayat* (Maharashtra)

l

l

l

l

l

l

l

No restrictions on groundwater access
or abstraction, either direct or indirect
'Private' rights of landholders to
develop new wells and deepen
existing ones perceived as legitimate
Group-village management of
irrigation tanks undermined in recent
years by (subsidised) private
investment in wells
No resident NGOs involved in
community mobilisation around NRM
objectives (NGO work with
communities restricted to short-term
projects)
Understanding of groundwater
conditions and trends limited,
especially awareness of the concept
of community-based demand
management

Some recent experience with more
participatory, user group approaches
to watershed development through
GoI-DPAP programme
Long history of collective organisation
around maintenance of irrigation tanks
and water allocations in this area

No existing group management of
groundwater, but:

Coimbatore (Tamil Nadu)

Table 3.3. The potential for community-based management of groundwater in the case study areas: strengths, weaknesses,
opportunities, threats (SWOT)
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OPPORTUNITIES

Investment in new wells, and deepening
of existing ones, continues
Access to new markets may increase
demand for water-intensive cash crops
and threaten existing protocols
Potential for serious overdraft in 5-10
years with no further limits on
groundwater abstraction-use

l

l

l

l

l

l

l

Source of outside professional advice
on hydrogeology identified
Better understanding of resource may
inform future treatment choices and
design of more flexible demand
protocols
Continued support from TBS and
increase in funding
Extension to surrounding basins with
similar characteristics mooted
Groundwater abstraction still quite
limited as compared to that in other
areas of India - better placed for
community action around groundwater

l

l

l

l

l

l

l

l

l

l

Regional acceleration in groundwater
abstraction continues, with impacts
already felt within PP initiatives.
In some areas, initiatives are looking
increasingly fragile, with high risk of
closure
Shifts in rural economy beginning to
emerge may undermine group
incentives

Source of outside professional advice
on hydrogeology identified
Better understanding of resource may
inform future treatment choices and
design of more flexible demand
protocols and groundwater rights
Continued support from GGP
Attempts to revitalise older, fragile
schemes
Piggy-back PP water use-allocation
protocols on current demand for
watershed development projects,
especially where communities have
exhausted GW development options
In this area potential to invoke existing
legislation to protect drinking water
supplies from deep aquifers

l

l

l

l

l

Pani Panchayat* (Maharashtra)

Livelihood diversification (from both
push and pull factors) may undermine
collective efforts
Without aquifer-wide scaling up of
recharge and conservation initiatives,
impacts on local groundwater
conditions limited

Source of outside professional advice
on hydrogeology identified
Better understanding of resource may
inform future watershed treatment
choices and define limits to water
conservation gains through e.g.
changes in irrigation technologies
Continuing support for local self-help
and institution-building from VIKSAT

Satlasana (Gujarat)

l

l

l

l

l

Rapid transformation of rural economy
over last decade undermines longterm interest in resource conservation
(though at same time reduces
dependency-vulnerability)
Increasing capture of resource by rural
elite engaged in short-term mining of
resource

A better understanding of resource
conditions - especially local variability
- would help inform targeting of
watershed treatment initiatives
Power pricing
Livelihood diversification strongly
apparent - could be examined as an
option for reducing groundwater
abstraction

Coimbatore (Tamil Nadu)

Note: in the SWOT analysis above, strengths and weaknesses relate to conditions within a resource management initiative (Arwari, Pani Panchayat, Satlasana) or, where none
currently exists, that shape the potential for such initiatives within an area (Coimbatore). Opportunities and threats relate more to conditions outside the initiative, or immediate
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Arwari* (Rajasthan)
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development projects in two types of area. In the first, there is some prospect of
retaining conserved water within the selected watershed. In the second, there is
either no prior groundwater development, or the groundwater development
options of all participating households and villages have been exhausted and
there is broad consensus on collective strategies.
In the Arwari Basin, watershed development already provides the backdrop to
limited demand management, agreed and authorised through the basin
parliament and village water committees. Key questions here relate to the ability
to (a) deepen existing restrictions on demand, which are currently restricted to
crop choice; and (b) extend the initiative to other areas. In contrast to Pani
Panchayat schemes, which link novel water use-allocation protocols to new
community wells, groundwater development in Arwari has been in full swing for
over three decades. Challenging existing rights, for example to limit well digging,
or ban new wells or the deepening of existing ones, would therefore be
contentious, especially given the prevailing view that groundwater potential is
unlimited.6 There are, however, circumstances in which views might change:

Secondly, clear evidence that existing
patterns of groundwater development are
unsustainable may be necessary, for
example with the costs of new drilling
becoming uneconomic for most
households. In conjunction with
awareness raising and explanation, and
with lobbying through the basin
parliament, further restrictions on
demand might be feasible.
There are plans to extend Arwari Watershed development in the Arwari basin provides a
principles to surrounding (similar) platform for limited demand management
basins, though these have not been
developed in any detail. In all likelihood, new basin activities would follow a
similar (Arwari) sequence, beginning with community mobilisation around
measures to increase groundwater recharge and then moving on to the more
difficult demand aspects. It should be emphasised, however, that neither Arwari
nor Pani Panchayat initiatives are viewed as 'models' by their NGO champions,
with guidelines and checklists that are easily transferable to other areas, and
contexts. So, while both NGOs stress the need for community self-help and selfreliance, and take this message to many other areas, they do not welcome the
idea of prescriptive replication.

6

A view widely held across case study areas. In this respect, the well-publicised success
of watershed development in places such as Arwari may generate its own problems, with
demand management viewed as both unnecessary and as an infringement of basic
rights.
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Firstly, TBS is now seeking hydrogeological advice out of concern that (a)
variations in groundwater potential and constraints exist across the basin but
are not factored into current protocols; and (b) the role it could play in raising
conservation awareness.
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3.4 Wider Lessons: the limits of collective action
The question of where groundwater management currently 'fits' in the context of
administrative and political decentralisation brings us back to interpretations of
'management' and the political economy of sector reform. There has been a
fundamental change in beliefs about the appropriate role of the state over the
past decade. Rather than being the executor of a state-led development process,
the state is becoming a facilitator in a far more heterogeneous process in which a
coalition of different actors and institutions is involved. However, although
incipient partnerships are emerging (including those with PRIs) concerned with
the 'management' of watershed development projects water supply
infrastructure, management of groundwater resources, in a way that combines
both supply and demand-side activities, is not part of the agenda. In
"Scale" and
Chapter 4 of this report, we argue that it should be. The argument,
though,
is for the development of new coalitions of management
"exclusion" pose
interest between the administrative and political system, between
the central
NGOs and the state, and between all of these and local communities.
Within this space there is no 'correct' institutional model. As the case
challenges to
study discussion above illustrates, group management of
development of
groundwater even in those circumstances where strict preconditions
can be met, can offer only partial and rather fragile remedies to
community-based
groundwater overdraft.

organizations

Why is group management of groundwater a difficult and partial
response
for groundwater to the problems identified in this and previous sections? In many
areas, we would argue that users have little incentive to invest in managing the
management
resource base. As documented in the Coimbatore case study, for example (see
also Box 4.1), economic systems can change rapidly. Although individuals may
fully recognise the impacts that declining water levels are likely to have on
agriculture, they may not view these as primary threats to their long-term
livelihoods. A 'broadly felt need for management' may therefore not exist. Where
rights and 'rules in use' are concerned, existing rights systems with the rare
exception of the Pani Panchayat schemes - are rules of capture that effectively
allocate all power to individual landowners. As a result, they create strong
disincentives for collective management based on the ability to exclude nonparticipants. Moreover, the rights of landholders to
pump as much water as they want are not contested by
those without land, and without direct access to
groundwater.

© BGS

Defining resource and user group boundaries is also
pertinent here. It is a technically complex task to
identify hydrological system boundaries for
management in both hard-rock and alluvial areas.
Mechanisms to control free riders are also problematic.
A percolation pond in Coimbatore District
Wells are generally owned by individuals and located on
private lands. Individual cooperation with management
initiatives cannot be assumed even within individual villages. And in many
locations, particularly in large aquifer systems, reductions in extraction or
increases in recharge may not result in rapid or even observable changes in
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water levels. As a result, it may be difficult to convince individual users that
more costly, cooperative strategies will bring tangible benefits.

© BGS

The above list of limitations on collective
action could be extended further to include
the need for long term support from external
civil society organisations, and strong
leadership. Of all the above points, scale and
the related issue of exclusion present
perhaps the central challenges to the
development of community-based
organisations for groundwater management.
The existence of a 'broadly felt need for
management' or the challenge of defining
boundaries, rule enforcement, controlling A dug well deepened as groundwater levels decline
'free- riders', maintaining group homogeneity and so on, are all likely to increase
with the geographical scale of management and the number of individuals that
need to be involved. As a result, community-based or representative
management approaches appear to have the greatest chance of success in areas
where hydrological systems are highly localised. Even within these
environments, however, the Pani Panchayat and Arwari River Basin Parliament
management experiences suggest that institutions will have difficulty
controlling groundwater abstraction, let alone groundwater access, through
social pressure alone.

Figure 3.4 The Arwari basin can be sub-divided into 6 distinct areas,
based on hydrogeological observations
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1.Silt atop fractured quartzites,
deep wls, good to moderate yield.
2.Thick alluvium atop fractured rocks,
wls at 10m, very good yield.
3.Thin silt layer resting atop impermeable rocks,
wls at 10m, limited yield.
4.Foliated rocks, with patchy alluvium,
wl is shallow but yield is limited.
5.Mining area, hard-impermeable rocks,
local groundwater and limited yield.
6.Granitic-gneissic terrain, weathered and fractured
aquifers, shallow wls but limited and variable yield.

Source: Compiled by ACWADAM for Rathore, 2003
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4. Research Findings and
Recommendations
on the Way Forward
“The mark of effective research, advice and policy making is the capacity of those
involved to know the difference between what 'should' be done, and what 'can' be done."
(J.A.Allan, 2001)

4.1 Core Findings
1. Community-based strategies are unlikely to be effective as a primary
response strategy for addressing most cases of groundwater overdraft.
In some circumstances, communities can mobilise around demand-side
management, limiting resource access and/or use in pursuit of agreed
objectives. However, circumstances are restricted, and the benefits
generated do not add up to a primary strategy for balancing demand and
supply. In general, small groups are unlikely to be able to retain the water
they conserve, even if agreements on abstraction and use can be reached
and monitored; the range of interests within communities - in many cases
growing with livelihood diversification - makes objective setting around
conservation goals more difficult; and the perceived legitimacy of customary
groundwater rights continues to create strong disincentives for collective
management.
2. The ineffectiveness of community-based strategies as a primary solution to
groundwater overdraft at a local scale does not imply that such strategies are
without benefit, however.
Community-based strategies, combined with community-level watershed
interventions to improve the productivity of land and water, can generate
important benefits for local people by:
a. Increasing the social and economic returns to limited available water
resources (increasing crop yields, livelihoods and social assets per
drop);

c. Enhancing the availability of water in
wells within the command areas of
recharge structures, providing a critical
buffer of water supply that rural
communities can use to meet essential
requirements for drinking, livestock and,
in some cases, irrigation during
droughts.
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b. Increasing the retention of moisture in the soil, enabling rural
households to grow crops where none
would otherwise be possible;

A village handpump downgradient of a check
dam in the Arwari River Basin
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In conjunction with other watershed interventions, therefore, communitybased approaches aimed at restricting demand may help mitigate the
adverse impacts of groundwater overdraft on livelihoods. They therefore
deserve continued support. Attributing changes in groundwater conditions
to different types of intervention remains difficult though. A tentative
conclusion is that even at a local level, livelihood improvements may have
more to do with soil moisture conservation and better land management
than with positive and sustainable impacts on local-regional water
balances.
3. Conventional management strategies are also unlikely to be effective in
reducing groundwater extraction to sustainable levels across the large
aquifers at risk in many rural areas.

© BGS

This finding is not unique to our study. As Tushaar Shah and others
comment: “The direct management of the groundwater economy is… an
impractical idea in South Asia” (Shah et
al. 2003a). This is because such
approaches are based on technical,
institutional and political preconditions
that are difficult to meet, and cannot be
easily applied to situations where
groundwater is being abstracted by
many thousands of small-scale users.
However, we argue that such strategies
could be implemented on key urban
aquifers where widely shared services
are threatened, and political support for
action is more readily mobilised.
A well located in a pocket of shallow weathered hard-rock,
down-gradient of a check dam, Coimbatore District

4. The shortcomings of both conventional and community-based approaches
suggest that more attention should be devoted to processes that:
a. Increase the efficiency of groundwater use (i.e. ensure that the social
benefits derived from groundwater use are maximized);
b. Anticipate and proactively support the adaptation of households,
communities and regions to other forms of livelihood as intensive
irrigated agriculture becomes increasingly less viable in locations where
overdraft is severe;
c. Ensure domestic water supply security (since this represents the
minimum requirement for households to remain in a region and
undertake any form of economic activity); and
d. Increase the effectiveness of community actions to harvest water and
conserve soil moisture.
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4.2 Discussion of findings
The quote from J. A. Allan at the beginning of this section highlights a dilemma
that professionals in many fields face: in attempting to meet professional or
society's expectations, what should be done often can not be done.
Groundwater overdraft is one small problem area within the universe of
groundwater management needs. Saying that groundwater 'should' be
managed on a sustainable basis does not mean it 'can' be managed on a
sustainable basis.
There is abundant evidence of the important and substantial benefits that
community-based initiatives can generate for local communities coping with the
impacts of groundwater overdraft. In undertaking the Comman Project, our
initial objective was to identify the factors contributing to successful
management through community-based institutions. It is with reluctance,
therefore, that we report that such initiatives unfortunately do not add up to a
primary strategy for the sustainable management of groundwater resources.

Despite their minimal impact on the
balance between extraction and
recharge at an aquifer level,
community-based initiatives to
harvest water and increase the
efficiency of water use generate
important and substantial benefits,
as described in Section 4.1. Finding
that community-based initiatives for
sustainable management of the
groundwater resource base are Water buffalo watering and cooling off in a check dam
unlikely to be fully effective in no way reduces the value of the above benefits.
This observation underlies our second core finding: continued support for
community based initiatives to harvest water and increase the efficiency of
groundwater use is of fundamental importance. While they do not add up to an
effective strategy for managing the resource base, such initiatives may,
particularly in conjunction with other forms of intervention, help to mitigate the
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With the exception of a few isolated cases, community-based water
management initiatives do not even attempt to restrict demand. Instead,
virtually all involve efforts to increase supply through water harvesting.
Although such efforts do generate benefits, they do not represent an effective
strategy for groundwater management in areas where overdraft levels are high.
As VIKSAT has shown in a separate project in the Sabarmati Basin, water
harvesting alone can only reduce the gap between water demand and supply in
that basin by a few per cent (Kumar et al. 1999). Without controlling or
substantially reducing extraction the groundwater resource base cannot be
managed on a large scale. Furthermore, there are sound reasons why it is
unlikely that community-based institutions capable of controlling groundwater
demand would be able to organise at the geographical scale necessary for
effective management of the
groundwater resource base.
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help to mitigate the impact of groundwater overdraft. The costs and benefits of
such approaches should continue to be evaluated. There are substantial
unresolved debates within the scientific community over the impact of water
harvesting on groundwater conditions and upstream-downstream
Community-based water availability. The research from case study areas has shed little
water harvesting light on the impact of water-harvesting activities on groundwater
conditions. While preliminary field data from studies in Satlasana
and increasing
suggest that recharge may sometimes result in localised groundwater
mounds, modelling results indicate that such benefits are likely to be
groundwater-use
short-lived. Furthermore, such benefits may not be cost-free to other
regions;
for example, it has been found that upstream water
efficiency
harvesting can sometimes deplete downstream users of their expected
are important
endowments, but such relationships await further scientific study (Batchelor et
al., 2000).
Our third finding confirms earlier work suggesting that, on their own,
conventional command and control strategies are unlikely to reduce
groundwater extraction to sustainable levels in most regions of groundwater
overdraft. An IWMI publication referring to the effectiveness of the Central
Ground Water Authority recently stated that: “The direct management of the
groundwater economy is, therefore, an impractical idea in South Asia” (Shah et
al. 2003a p. 6). We have explored the reasons for this in some detail in order to
emphasise the critical importance of identifying alternative strategies for
responding to groundwater problems and to clearly indicate what we mean by
'groundwater management'.
Our finding concerning the shortcomings of conventional groundwater
management in this context does not suggest that conventional management
approaches are always inappropriate. Given the relative ease of concentrating
political and technical capital in cities, we believe that conventional
management strategies to protect aquifers supplying urban domestic needs
have a greater chance of success. These reasons are not explored in detail
because they were not the primary focus of research under the project.
The fact that neither conventional nor community-based management
approaches, on their own, can generally solve the problems of groundwater
overdraft leads us to advocate greater attention to processes that encourage
efficient water use and which enable households, communities and regions to
adapt to the livelihood constraints imposed by water availability (Box 4.1).
Tushaar Shah and others (Shah et al. 2003b p. 134) suggest that, in areas
where recharge is limited and extraction high, agricultural economies based on
intensive groundwater use are bubble economies (Section 1.2). While indirect
measures such as energy price reform will probably increase the efficiency of
groundwater use, efficiency and long-term sustainability are not necessarily
equivalent (Moench and Kumar 1995). Recognition of this is nothing new.
Similarly, while power sector reforms have been receiving substantial attention
in recent years, and policies may emerge in some states that reduce incentives
for inefficient groundwater use, it is far from clear that such indirect measures
will result in a balancing of extraction and recharge. Metering of power
consumption, while widely advocated, faces substantial obstacles and may not
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be practicable (Shah et al. 2003a). While approaches based on power rationing
have been proposed (Shah et al. 2003a) these have yet to be implemented or
tested. More to the point, even if indirect measures do reduce extraction it will be
through their role in catalysing structural changes in the intensity of water use
for rural livelihoods. The extent of this structural adaptation is not yet clear. For
example, some change can occur within livelihoods by increasing the efficiency
of water use while allowing households to maintain agricultural livelihoods
based on groundwater irrigation, but change may also involve shifts to
livelihoods that are non-farm based and less dependent on groundwater
availability. This is an important research area. The bottom line is that
structural adaptation to water scarcity will occur whether as a result of indirect
measures or in response to increasing groundwater overdraft.
Our research suggests the need for devoting greater attention to processes that:
increase the efficiency of groundwater use; support the adaptation of
households, communities and regions to less water-intensive forms of
livelihood; ensure domestic water supply security; and increase the
effectiveness of community-based activities to conserve soil moisture and
harvest water.

© ACWADAM

This leads us to recommend expanding the management perspective,
emphasising diagnostic and other processes and the development of
programmatic approaches that are adaptive and enable adaptation. What such
processes might consist of and the key questions related to them are explored in
detail in the following sections.

Old irrigation wells are now used to supply water to large estates that combine horticultural plantations
and week-end resorts: one such well, located west of Pune
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Box 4.1

Livelihood diversification, water-use and water management

In a growing and increasingly interconnected economy, the structure of employment and income can change
rapidly. Key features of transition include growing numbers of functionally landless people, increasing
dependence on non-agricultural incomes (though with some links to agriculture), and diversification in both the
type and geographical sources of income. These long-term structural changes of the kind seen in the Coimbatore
area, outlined in Table 4.1 below, have important implications for groundwater use and groundwater
management.
First, shifting to less water-intensive livelihoods can reduce economic dependence on local water resources and
reduce local abstraction. Of course food is still needed, but more can be purchased rather than grown locally.
Water for domestic uses must, in most circumstances, be sourced locally but shifts towards lower water-use
activities can liberate ample quantities to meet basic needs. Secondly, economic shifts can influence water
policy. Government and civil society perspectives on water and management needs can begin to align, and the
voice of agricultural users can be challenged. In short, livelihood diversification can help to create the political
space needed to introduce more testing reforms, in particular those promoting the reallocation of water. Such
reforms are much more difficult to implement when livelihoods are still heavily dependent on irrigated
agriculture.
What are the policy lessons? Although diversification is a 'natural' outcome of economic transition it can also be
promoted at various levels as a means of reducing vulnerability and (indirectly) easing pressure on the
groundwater resource base. Take a watershed development project in an arid area, for example, with a growing
problem of groundwater overdraft. Rebalancing priorities away from the building of recharge structures
towards non-farm elements (support for cottage industries, local infrastructure) could help support sustainable
livelihoods, rather than cement dependence on unsustainable, groundwater-dependent irrigation. At the
district or state level, a wide range of 'non-water' policies could be reviewed in relation to their ability to
generate growth in the rural non-farm economy, and their knock-on effects on water use.
Such 'adaptive' remedies are not suggested as a long-term substitute for water policy reform. However, they may
provide interim, indirect and feasible means of supporting incomes and reducing vulnerabilities. They suggest a
need for water policy makers and programme/project staff to look beyond conventional sector boundaries in
addressing the causes, and symptoms, of intensive groundwater use.

Characteristic
Rural jobs

'Traditional' view
Mostly agricultural

Rural incomes

Dependent on agriculture

Dependence on CPRs such
as groundwater

High, especially for poorer
households

Socio-economic change

Static: subsistence based
agriculture

Economic integration
Food insecure
Main sources of household
vulnerability/food shocks
Nature of community

Little
Peasants
Poor rainfall and other
production 'shocks'
Place-based, single occupancy
and dependency
Traditional
Food-based relief, safety nets

Policies, institutions
Remedies for household
food insecurity
Rural development narrative

Emerging reality
Increasingly non-agricultural:
rural non-farm economy and
urban
Increasingly diverse and
geographically dispersed
Decreasing, though pattern
mixed. Growing numbers of
'functionally landless'
Dynamic: push and pull factors
drawing people into the rural
non-farm economy
Increasingly integrated
Rural and urban poor - varied
Income shocks causing food
insecurity
Interest-based, multi-occupancy

Emerging needs
Income transfers, economic
diversification?
Increase the productivity of
Employment generation, income
natural resources
diversification, reduced
dependence on natural
resources
Key institutions
Ministries of Agriculture,
New coalitions. Natural
Irrigation,
Forestry,
plusand
infrastructure,
Sources: based on case study findings, and wider
evaluations
of ruralWater,
transition in Indiaresource
(e.g. Saxena
Farrington, 2003) and
commerce, industry, tourism etc
internationally (e.g. Ashley and Maxwell, 2001). Rural Development
Water policies
Surface water and irrigation
Focus on groundwater needed,
related aspects dominant
and management of water
demand
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4.3 Potential Courses of action in case study areas
Our recommendations on the way forward are designed to address critical
questions first in the case study areas and, secondly, on a more general level.
Suggestions on ways forward in the case study areas are presented first because
the diverse conditions and the types of actions that we believe are appropriate,
serve as a lead into, and illustration of, the wider recommendations that follow.
It is important to recognize that the potential opportunities and limitations
discussed in each of the case study areas are just that: potential opportunities
and limitations. The diversity of these and the fact that many are not directly
related to the management of the groundwater resource base are precisely the
reason we recommend expanding the management perspective, the
development of diagnostic processes, and much more adaptive programme
design.
Furthermore, while community or conventional approaches to
groundwater management appear inadequate in themselves, approaches based
on regionally tailored combinations of interventions through community
initiatives, conventional command and control strategies, indirect measures
and livelihood-based adaptation may have a much greater chance of both
reducing the impact of groundwater overdraft on livelihoods and, in some cases,
reducing the overdraft itself.

4.3.1 Specific Sites
Satlasana, Gujarat
Our incomplete understanding of the connectivity between the aquifer
underlying Satlasana and regional systems makes it difficult to predict the likely
impacts of community-level interventions on groundwater availability. The
aquifer system here is formed primarily of weathered and fractured granites. It is
likely therefore that it will be generally low in storage but with locally productive
zones. This low storage means that water levels will recover quickly following
good wet seasons. However, it is also the reason why water levels have fallen
significantly in response to increased abstraction. The benefits to individual
farmers of reducing their abstraction will depend on the degree of connectivity
between the aquifer in the vicinity of their well and the regional aquifer. Where
there are no physical barriers to the flow of groundwater, water that is not
pumped may simply flow away down-gradient over the period of the dry season.
However, if an individual well or small group of wells is tapping an isolated
pocket of the aquifer, formed by weathering and fracturing, a reduction in
abstraction may result in a sustained yield over a period of low rainfall. At
present there is insufficient information in the Satlasana area to predict the
likely outcome.
Local water-harvesting activities could significantly increase soil moisture
retention and help to create localised groundwater mounds, benefiting wells
within limited zones adjacent to recharge structures. Activities to increase the
economic return to limited available water supplies may also generate important
benefits in this region. However, investments in drip irrigation or other
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groundwater dependent irrigation systems would be undermined if water levels
continue to decline and wells continued to fail. Such activities should therefore
be undertaken with caution. Given the risk, improvements in rainfed cropping
systems and techniques for storing water to provide protective irrigation may
have greater impact.
In addition to direct water-related interventions, the development of
agricultural livelihood systems that enable effective use of short-lived
groundwater supplies (i.e. water available in wells during the pulse of recharge
that occurs following the monsoon) may have substantial benefit. An example
would be livelihoods becoming more reliant on livestock. Irrigated fodder could
be produced locally, when water is available, and purchased when water
supplies are insufficient to support local production. This pattern is already
occurring in Satlasana, spawning other livelihood activities to support it. It
could also involve the development of markets or processing facilities that
enable villagers to increase the value of agricultural production in relation to
water use. The development of oil seeds processing facilities by regional
cooperatives was, for example, a critical factor in other parts of Gujarat that
enabled farmers to shift into high-value/low-water intensity oilseed crops. The
importance of such shifts in relation to groundwater management has already
been recognised by organisations such as the World Bank (World Bank and
Ministry of Water Resources - Government of India 1998 p. 44). Such indirect
interventions could help mitigate the impact of groundwater overdraft.

© VIKSAT

Beyond this, investigation of opportunities for supporting expansion of the nonfarm economy is extremely important. Shifting to an economy based on
livestock and rainfed agriculture may not be a viable option for many families in
the Satlasana area and, as documented in the case studies, many families seem
to be diversifying their livelihood strategies away from agriculture. Villagers are
engaging more in regional wage-labour markets and activities such as diamond
polishing, a major regional industry. As a
result, supporting development of the
non-farm economy would also build on
existing trends at the household and
village level.

Digging for decorative stones for use in jewellery making

Regional piped water supply schemes to
meet domestic water requirements have
been implemented in the Satlasana region.
As a result, access to domestic water
supplies is not currently a factor limiting
the ability of populations to remain in the
region.

Long-term strategies for mitigating the impact of groundwater overdraft on
livelihoods in the Satlasana region probably require a combination of the
following:
1. Continued reliance on large-scale drinking water supply systems to meet
domestic water needs. Such systems have generally been built and
operated by the government, but there is no inherent requirement for this.
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2. Community and household-level initiatives to increase the efficiency of
agricultural water use and to supplement soil moisture through water
harvesting;
3. Indirect interventions such as power sector reform and the development of
marketing facilities that encourage more efficient water use; and
4. Livelihood interventions that encourage the development of non-farm
sources of income.

Coimbatore
Regional patterns of groundwater overdraft have been well recognised in the
Coimbatore region for more than a decade (Palanasami and Balasubramanian
1993). As Comman Project case studies indicate, decreasing availability of
groundwater coupled with increasing economic opportunities in other sectors
has catalysed a major shift toward non-farm based livelihoods. This shift
appears to have occurred across the income spectrum.
The impact of groundwater management activities - whether demand or supply
side - is likely to vary greatly in this region and at the micro level. In some sites,
wells in the hard-rock basement may operate more as cisterns which are
isolated from regional groundwater systems. At other sites, wells intersect
substantial fractures in the bedrock or occur in deeply weathered materials
and, as a result, are likely to be directly influenced by patterns of extraction
occurring at a regional scale. In the first case, recharge activities and efficient
use of water contained in the well cistern would directly benefit the well owner.
In the second case, it could be difficult to determine whether or not
groundwater-focussed interventions
had any observable impact.

Given the shift away from irrigated
agriculture, activities to ensure
equitable access to the larger non- A deep irrigation borehole, Coimbatore District
farm economy may have greater economic impact than water-focussed
interventions. Indeed, many of the remaining wells in use are owned by large
landowners, who typically operate family businesses that have already
diversified into non-farm activities, such as textile production and brick
making. It is likely, therefore, that the return from investments in groundwater
management would accrue primarily to those sections of the community that
are already well off. Because of this, the basis for community action is unclear
even where physical conditions may be conducive to management of the
resource base and its use.

© TNAU

Indirect interventions such as price
reforms for electricity are unlikely to
have much impact on groundwater
conditions.
The limited storage
capacity of wells already effectively
rations water and only the highestvalue crops are irrigated.

In addition to livelihood diversification, activities to increase soil moisture for
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retention and the efficiency of on-farm water use could generate major benefits
for small farmers. As in the Satlasana case, the security of domestic water
supplies is less of a problem, as large-scale systems pipe water to households.
The reliability of these systems is, however, unknown and actions that
strengthen them or ensure backup could be important.

Pani Panchayats
In this region both domestic and agricultural water supply security are
endangered despite the presence of substantial community-based efforts for
water harvesting and conservation. This appears to be due to regional patterns
of groundwater over-abstraction.
Safeguarding the security of domestic water supplies is the priority for ensuring
the long-term sustainability of livelihoods in the Pani Panchayat region.
Secondly, livelihood systems should be independent of intensive groundwater
irrigation. Further investigation is required to determine whether communitybased activities would be effective in protecting groundwater sources for
domestic water supply. Other avenues for ensuring domestic water supply
security are also essential to investigate.
Such avenues could include
government regulation of groundwater extraction from deep aquifers using
authority provided under existing or new laws (Maharashtra Groundwater
Regulation for Drinking Water Purposes Act, 1993; Maharashtra Water
Resources Regulatory Bill, 2003) but with support from local
communities. Points of leverage for this may lie less with
attempts to regulate extraction at the farm and community
level and more in higher-level courses of action such as
regulation of the drilling industry.
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As in other regions, the reliance of many households on
non-farm activities, particularly those involving
commuting and migration, appears to have increased
substantially over recent decades (Comman, 2005).
However, access to alternative livelihood sources appears
Horticulture promotion in Purandar
Taluka
to be limited by educational levels and external competition
among many other constraints. Increasing access to such
sources of income could make a major difference. In addition, activities to
increase the productivity of rainfed agriculture and other land-based income
sources through soil moisture conservation appear important from an income
perspective although they are unlikely to have much, if any, effect on
groundwater resource conditions. Existing Pani Panchayat institutions could
play a major role in the development and implementation of such courses of
action. In addition, it is expected that major watershed development projects
will be implemented in the region, and it may be possible to utilise these
programmes to finance initiatives tailored to specific opportunities for
enhancing soil moisture conservation or developing non-agricultural
livelihoods in the Pani Panchayat areas.
The opportunities for mitigating the impacts of groundwater overdraft in the
Pani Panchayat areas appear to depend on a combination of high-level (probably
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state-led) initiatives to protect deeper aquifers and more localised initiatives
aimed at reducing economic dependence on agriculture while increasing the
productivity of that agriculture which it is possible to sustain. More specifically:
1. State-led legislative and community-level measures to protect drinking
water sources;
2. Processes to strengthen and improve access for all inhabitants to non-farm
income activities;
3. New directions for agricultural productivity which would include
strengthening of rainfed agriculture and animal husbandry along with the
establishment of reliable market links to ensure security of agricultural
income;
4. A combination of conventional (indirect) and community efforts (watershed
development and Pani Panchayat) activities to enhance supply and, where
possible, reduce demand.
Arwari
Available information on groundwater conditions in the Arwari area is
contradictory. As a result, it is not clear whether the area is suffering from
extensive groundwater overdraft. In addition, the region has higher rainfall
than other parts of Rajasthan and intensive groundwater irrigated agriculture
is, for a variety of physiographic and other reasons, currently limited.
Geologically, most groundwater is contained in shallow alluvial aquifers along
valley bottoms that are underlain by bedrock.
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In this context, activities to harvest water at a
basin scale are more likely to influence local
groundwater conditions than they are in many
other regions of India. Ongoing community
efforts to harvest water appear to be generating
substantial local benefits in terms of soil
moisture retention, re-vegetation and possibly
also groundwater recharge.
Given the above, effective responses to the longA goat-herder, Arwari River Basin
term probability of groundwater overdraft do not
appear to require reductions in current use- merely the capping of future growth
in demand. This could be achieved through a combination of community and
governmental interventions such as:
1. continuing efforts to harvest additional water supplies and improve soil
moisture;
2. exploring the establishment of indirect (energy-related, crop-market related,
crop-processing related) or direct (banning of new wells, especially deep bore
wells) measures to restrict the growth of groundwater extraction in the
future;
3. increasing the efficiency of water use within agriculture; and
4. a much longer-term strategy of encouraging increasing dependence on non-
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farm activities as population grows in emerging and future generations through
education, improvements in communication and transport systems, etc.
4.3.2 Process Implications in the Case Study Areas
The list of potential responses to groundwater overdraft in each of the case study
areas has broad areas of similarity, which differ in detail. This underlies our
emphasis on the need for diagnostic processes and adaptive programmes as
central to any effective response to the impacts of groundwater overdraft.
What this means is best explained by contrasting the potential ways forward
identified in each of the case study areas. In the Pani Panchayat area of
Maharashtra, for example, we have raised the possibility of establishing
regulatory mechanisms to protect deep sources of drinking water. This of course
pre-supposes the presence of such deep sources and assumes that existing Pani
Panchayat organisations might support the government in regulating
companies that are able to drill to such depths. The possibility of regulating a
small group of organisations and protecting a specific and discrete water source
that would benefit all inhabitants is unique to this area. In Coimbatore, for
example, the same strategy would probably benefit a very narrow and already
wealthy section of the population while having little if any impact on regional
groundwater conditions. In the Arwari case, water harvesting is clearly having
significant, although as yet unevaluated, benefits.
Equally important differences between these areas become apparent when
opportunities for livelihood change within and beyond agriculture are
considered. In the Arwari region, irrigated agriculture is still viable and
Ability to
there is time enough for any process of economic transition to occur.
Providing individuals and households a basic education could equip
diversify
them with the social capital they need in order to make the transition.
livelihoods
This is fundamentally different from the Satlasana region where the
drying
up of wells has already led to the abrupt decline of irrigated
depends upon
agriculture, forcing families to seek alternative livelihoods. In Satlasana,
tangible assets
specific opportunities in animal husbandry and wage labour, for example in the
regional diamond business, appear most promising in the short term. Not so for
Coimbatore and the Pani Panchayat areas. There, involvement in nonagricultural work is already widespread and much of the regional economy
relies on commuting wage labourers. The bubble of intensive irrigated
agriculture has already popped and for much of the population, livelihood
questions probably concern their position in, and access to, wider economic
activities, rather than on agriculture. Empowerment has occurred for some,
impoverishment for others. It is critical to understand and address the new
forms of vulnerability likely to be associated with the transition. We also believe
that recommendations to support the development of non-agricultural based
livelihoods can lead to tangible rather than hopelessly broad and complicated
courses of action. In many areas, the ability of households and communities to
diversify livelihoods depends on tangible assets such as education, transport,
credit, communications or access to them. Facilitating the shift to non-farm
livelihoods could call for relatively straightforward investments in education,
communications, transport, finance, marketing and other relevant
infrastructure. The same is true for attempts to increase the efficiency of water
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communications, transport, finance, marketing and other relevant
infrastructure. The same is true for attempts to increase the efficiency of water
use within existing agricultural and livestock-based
livelihood systems.

© BGS

The differences between our case study areas are
probably representative of the differences between
communities across much of India. Constraints and
opportunities for responding to the livelihood impacts
associated with emerging groundwater problems are
highly localised and site specific. Addressing them
therefore requires solid participatory processes that
diagnose the problems and identify site-specific
opportunities for interventions. In addition, programme
support approaches (whether community based,
governmental, NGO or other) must be adaptive. That is,
they need to be capable of providing different forms of Collecting water from an unprotected
spring
support at different levels of intervention (household,
community, state) according to the needs, opportunities and constraints
present in different areas. Furthermore, the support programmes themselves
need to be flexible enough to adapt to changing needs and conditions. These
arguments have been developed from specific observations made in each of the
case study areas.

4.4 Wider recommendations: strategies for responding to
groundwater problems
From our perspective, at least five factors are central to designing an effective
national strategy for catalysing community-based responses to the impact of
groundwater problems on the sustainability of rural livelihoods:
l

Local and regional capacity to diagnose emerging groundwater problems
and identify potential interventions. These interventions must be
technically and socially feasible given the scale at which the concerned
hydrological and socio-economic systems function;

l

Clear processes for external organisations (NGOs, government and others)
to collaborate with local communities in order to explore and identify the
appropriate mix of community-based, conventional management and
indirect interventions that can make a real difference;

l

Regional and state-level frameworks to support clear diagnostic and
decision-making processes among departments and the political leadership
wherever strategies require state inputs;

l

National-level mechanisms through which economic systems may adapt to
exploit regional groundwater-related opportunities and overcome
constraints, including high-level policy decisions regarding indirect points
of leverage;

l

Government and donor support programmes that are flexible enough to
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embrace multi-sectoral approaches to diverse problems at all levels;
l

Specific programmes to protect and enhance domestic water supply sources,
where these are threatened.

Each of these elements needs further conceptual development through targeted
research and, we believe, through practical attempts to expand the management
perspective in case study areas. Before this, however, it is important to
recognise the overall structure of the approach we are suggesting. In this report,
groundwater management is discussed largely in isolation from wider processes
of socio-economic change. Even within the 'groundwater field', conventional,
community-based and indirect strategies are generally discussed separately.
IWRM based approaches, which are widely advocated, attempt to bring many of
the water-specific factors together but rarely go beyond that. A core message
here is that groundwater management activities on their own are unlikely to be
effective, therefore society needs to also explore avenues for adapting livelihoods
and economies to evolving water resource conditions. This is not to imply that

Figure 4.1 The adaptive approach to addressing deteriorating water resource conditions
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conjuctive use)
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In summary, we believe that an appropriate response to the problems of
groundwater overdraft will rely on a context-specific combination of
interventions. These interventions may fall within the broad realm of 'water
management', may be 'livelihood focussed' and may even fall well outside
conventional strategies for responding to groundwater overdraft. Such an
approach will require interventions at multiple levels (community, regional,
state and national) and will need to adapt as conditions change. Developing
such an approach, conceptually and practically, relies on further targeted
research. We believe this approach may be developed by following a strategy
similar to that for Joint Forest Management during the late 1980s and early
1990s. Such a strategy would involve a series of field projects guided at the state
level by regional working groups comprising representatives from project areas,
the government, NGOs and donor organisations. Avenues to do this are outlined
in the next section on The Way Forward.
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4.5 The Way Forward
The recommendations made here part company from the narrowly-defined
strategies for 'community-based groundwater management' which the
Comman Project was originally designed to address. The vision has grown to
draw on conventional, community-based, indirect and livelihood-focussed
approaches in a combination determined by local conditions.

The remainder of this section focuses on the nature of the
interactive implementation, research and policy
development process that we view as essential, along with
the working group framework in which it can be
actualised.

© ACWADAM

The development of strategies for responding to groundwater overdraft should
be phased and themselves subject to adaptation and
refinement as experience is gained. The first phase in this
process would combine experimentation (pilot
implementation), research, monitoring, evaluation and
clear opportunities for course corrections. This would,
ultimately lead to further phases where the balance
between elements would shift toward wider
implementation; research, monitoring and evaluation
would, however, remain essential to enable approaches to
be adapted or refined in response to larger change
processes and the inherent variability between areas.

Soil conservation forms and important
aspect of watershed development projects

The first step in our proposed strategy is to develop processes of
implementation, research and policy development leading to actual pilot
activities that test and document strategies. This should build on existing
community-based initiatives such as the Pani Panchayats of Maharastra and
the Arwari River Basin Parliament supported by Tarun Bharat Sangh in
Rajasthan and on efforts to decentralise and strengthen the formal panchayat
system. As a result, the process and pilot activities would be undertaken in
cooperation with local NGOs and panchayats at locations experiencing
groundwater overdraft problems.
What might this process look like? Many development approaches have used
pilot projects to test an approach which, if found to be effective, is then scaled
up. However, this is probably inappropriate given the Comman Project results,
which highlight the site-specific nature of groundwater overdraft problems.
Replication depends on diagnostic processes and frameworks for decision
making rather than location-specific activities they are intended to catalyse.
What does this mean?
We propose that the initial phase of any response programme should start by
undertaking a series of collaborative diagnostic activities at pilot sites to reach
common agreement regarding the nature of groundwater problems in the area
and the types of activities that could address them. This could be initiated
through basin-level multi-stakeholder dialogue meetings of the type VIKSAT
has initiated in the Sabarmati Basin (Mudrakartha 2002, Moench et al. 2003).
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Participants in this diagnostic process should include community members,
governmental organisations dealing with groundwater and other aspects of
rural development, NGOs and other support organisations.
This initial diagnostic process would aim to produce three sets of outcomes:
1. A preliminary evaluation of the potential 'points of leverage' for addressing
groundwater problems within each of the four potential arenas of
intervention; and
2. A clear identification of the organisations and types of decision makers that
need to contribute to the development and implementation of actions
designed to address the identified 'points of leverage'.
3. Facilitating a network of individuals, groups, organisations and levels of
society that ultimately need to interact.
The above outcomes will outline what might be done and who needs to be
involved. This should then be used to create the initial agenda and membership
list for a working group. This working group will develop ideas for action and
take decisions. Its membership should reflect the array of decision makers in
communities, state and local government, NGOs and the private sector who are
essential for moving an interactive implementation, research and policy
development process forward. The working group should also have access to
funding sources required to implement the identified agenda.
It is important that the nature of the working group and the specific activities it
may undertake should not be pre-defined they should be the outcome of the
diagnostic process. The discussion in this report regarding potential courses of
action in the Comman Project case study areas is an example of what such a
diagnostic process might yield. As already discussed, strategies will be sitespecific, but they will share certain generic characteristics:
1. Diagnostic processes are likely to result in the identification of some points
of leverage that have little or nothing to do with groundwater management
per se;
2. The diagnostic process itself will raise many questions that can only be
answered through a combination of research, policy dialogue and
implementation activities. All three components will need to go hand in
hand in order to enable the evolution of effective strategies.
3. The types of analyses and approaches required are interdisciplinary. Since
interdisciplinary processes of this type are complex, substantial capacity
building and support will be required. Programmes should ensure that:
a. capacity-development activities are not just focussed on
implementation or formal management organisations but also occur in
the private sector and in analytical, advocacy and political
organisations that often challenge established perspectives;
b. flexibility is built in from the start; while clear starting points are needed,
it is essential that funding can be reallocated and objectives retargeted
as experience accrues; and
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c. they have identified evaluation milestones where they can adjust or
change course as needed.
4. Processes of the type proposed are inherently political. As a result, care
must be taken in designing them to ensure all stakeholders have equitable
access to problem definition, approach identification and decision-making
processes. Ensuring this occurs would be assisted by harvesting lessons
from existing stakeholder and other processes for community-government or
community-NGO interaction. This research should address a series of key
questions including:
a. What types of process enable a balanced dialogue between individuals,
communities and higher levels of government/social organisation?
b. Do different process approaches influence the balance of power both
within communities and between communities and external actors, i.e.
what are the equity implications of different processes?
c. How effective and efficient are different processes with respect to the
identification of specific courses of action that actually address core
problem areas? It is essential to recognise that processes are not ends in
themselves…they need to result in specific, tangible courses of action.
d. Do different approaches enable or restrict an on-going process of
adaptation as conditions change? Many processes result in specific
'one-shot' plans or implementation strategies. As argued here, however,
conditions are often changing rapidly in ways that necessitate on-going
adjustments in approach. As a result, the process itself needs to enable
adaptation.
5. Moving forward will in itself be a process of adaptive learning, guided by the
working group framework and the experience it accumulates. This process
is illustrated in the Figure 4.2.

Figure 4.2 Learning by doing (adapted from P O'Hara, International Institute of Rural
Reconstruction, 2003)
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5. Conclusions
The development of effective responses to emerging groundwater problems is
now a serious challenge for many countries. Groundwater related problems
threaten livelihoods and affect basic humanitarian objectives, such as the
elimination of poverty. As a result, the development of effective responses
should be a central concern for governments, donors and other actors.
Effective solutions are unlikely to emerge from strategies that focus exclusively
on the resource base itself. Neither conventional state-led, indirect, nor
community-based management approaches are likely to be sufficient if
implemented as a primary response strategy. Substantial opportunities for
mitigating the impact of overdraft do, however, exist. Research undertaken by
the Comman Project indicates that such strategies need to combine activities
intended to influence the demand and supply of groundwater directly with
activities that change the vulnerability of livelihoods to overdraft while
safeguarding the security of domestic water supplies. In many cases, activities
focusing on livelihoods and domestic water supply security are likely to
outweigh those focusing solely on groundwater management.
Developing effective strategies for responding to groundwater overdraft is
challenging, due to the variety of problems, the scale of problems and responses
and the pace of social and economic change. Standardised approaches are
therefore inappropriate. To be effective, responses need to be closely tailored to
local conditions and capable of adapting to changing conditions. For this
reason, we propose the development of strategies that draw on the interaction
between research, policy development and implementation. This interactive
process should be guided by broad-based, participatory, working groups. For
this to be effective, governmental and donor support programmes need to be
designed in as flexible a manner as possible. They also need to emphasise locally
grounded process, capacity building, research, experimentation, monitoring
and evaluation as inherent parts of an overall response strategy.
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