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There is evidence of a looming groundwater crisis in India. Unlike in the case of surface
water, competition around groundwater generally does not result in open conflicts.
Measurability and visibility of surface water accord a clearer public perception of
water quantities, which leads to conflicts. Groundwater in an aquifer is sourced in a
dispersed manner, and boundaries, quantities and interdependencies are less visible or
measurable. Hence, groundwater resources go through intense and intricate
competition between users and uses before open conflicts begin. Competition occurs
with reference to sources rather than around the resource. The interdependency of
sources is a function of changing patterns of usage as intricacies of aquifer
characteristics come into play. Governance institutions and regulatory frameworks of
groundwater need to be sensitive to the various forms in which groundwater
competition manifests in different hydrogeological settings, and the consequences of
this in terms of access and rights, in relation to issues of equity and justice.

Keywords: access; aquifers; competition; transmissivity; storativity

Introduction

The “atomistic” development of groundwater by millions of farmers in South Asia (Shah
2009) is part of what is called the “silent revolution” of groundwater development from
different parts of the world (Llamas and Martinez-Santos 2005). Today, millions of
Indians depend upon groundwater to meet domestic needs, irrigation and other agricultural
demand, and water requirements for manufacture and industrial uses. Groundwater
resources are often the only source of water supply, particularly in meeting the drinking
water needs of rural settlements. As towns and cities in India grow, Groundwater depen-
dence increases as demand by agriculture grows while towns and cities in India expand.
Tens of millions of wells bear testimony to the fact that almost anyone in India can
access groundwater of their own free will by “digging” or “drilling” wells, thus creating
a ground for open competition in tapping a resource (in the form of “aquifers”1) with a
complex set of stock and flow characteristics. Access to technology, whether for drilling
or pumping, is not necessarily a big constraint, facilitating a chain reaction that can be sum-
marised as: “when in need of water, drill and pump from under the ground”.

We began this research on the premise that groundwater is not only about sources such
as wells but is about a “common pool resource (CPR)” occurring as “aquifers”. While the
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millions that use groundwater focus on each individual source, our first hypothesis for this
paper is that the dynamics of the competition surrounding groundwater resources primarily
depends upon the properties of aquifers that govern the accumulation and movement of
groundwater. These properties, commonly called hydrogeological characteristics,
co-determine the outcomes of groundwater competition in terms of who wins and who
loses in processes of competitive exploitation. Inequities stemming from hydrogeological
characteristics are often reflected in spatial disadvantages (location of lands) and historical
inequities (class, caste, ethnicity, patriarchy, etc.) even in a single village. The outcomes
have significant implications, not only in terms of resource sustainability but also in
terms of equity and justice in the use of groundwater resources. Secondly, we posit that
there is a complex arena for groundwater competition before conflicts such as those
around surface water resources emerge and that groundwater competition is as serious a
problem as “open”water conflicts – that is: conflicts about visible, surface water resources.
In sum, we attempt to open up a debate around the fact that dynamics of hydrogeological
characteristics and competitive exploitation mediated by technology lead to injustice for
many, particularly as competition intensifies, before a direct conflict emerges. Therefore,
our paper attempts to address four research questions:

(1) Are conflicts around groundwater as obvious as those around surface water in
India?

(2) What is the nature of the competitive arena around groundwater resources and is it
in any way connected to the nature of aquifers and aquifer properties?

(3) Does the competitive arena create improved access and equity around groundwater
resources or does it create an iniquitous and unjust arena; is there any correlation of
these factors to the nature of hydrogeological setting?

(4) What are the broad contours of mitigating and resolving conflicts around ground-
water resources?

The scale and nature of India’s groundwater crisis

Eighty-five to ninety per cent of rural settlements in India depend entirely on groundwater
for their domestic needs (DDWS 2009, The World Bank 2010), and groundwater resources
contribute a share of about 65% to India’s net irrigated area (Kulkarni et al. 2009b, Vijay
Shankar et al. 2011). India’s urban groundwater use, averaged for 71 cities and towns, is
48% (CSE 2012). Therefore, India’s groundwater dependence is quite remarkable. With
about 30 million wells, it presents a unique situation to locate an analysis around ground-
water conflicts. Linking such analysis to issues of access, water rights and justice is also
badly needed, in view of the growing competition, environmental degradation, and calls
for stricter regulation and better enforcement of existing regulations.

Groundwater is a fugitive (cannot be held “captive” underneath a defined piece of
land) and invisible (as a subsoil resource, it is largely unseen) CPR (Blomquist and
Ostrom 1985, Ostrom 1990). This very nature of the resource has allowed the prolifer-
ation of groundwater extraction structures in large parts of India. The most dramatic
change in the groundwater scenario in India is the increase in the share of tube wells in
irrigated areas from a mere 1% in 1960–1961 to 40% in 2006–2007. Such explosive
growth of groundwater extraction is now evident across a wide range of hydrogeological
and agro-ecological typologies in India (Shah 2009). At a micro-level, a recent study in
Purandar Taluka2 of Pune District (in the state of Maharashtra) showed that well density
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increased from less than 1 well in 20 hectares to 1 well in 3 hectares over a 10-year period
between 1997 and 2007 (Kulkarni et al. 2009a). While such wells have created access for
many during the initial phases of groundwater resources development, the increased
extraction, often associated with both contamination and depletion of groundwater –
reflected in the lowering of water tables, has in the longer term resulted in iniquitous
access to groundwater resources, as aquifer storage has shrunk.

Groundwater regulation in India has followed an uncertain path and has proven to be
very ineffective. Most regulation deals with access to groundwater, the impacts of
pumping, and groundwater contamination, but scant attention is given to understanding
groundwater in its natural state. Many of these Acts, Bills and Laws link landownership
to legitimate access to groundwater. This often results in the exclusion of the landless
from access to a resource that is, in a normative sense, increasingly regarded as
“common” or “public”.

Table 1 illustrates how the exploitation of groundwater has increased during a decade
(1995–2004). A combined regional, national level mapping of groundwater overuse and
contamination by CGWB (2006, 2010) reveals groundwater vulnerability in nearly 60%
of India’s districts (see Figure 1). This increase in groundwater extraction, as a consequence
of the growing number of wells and the use of increasingly powerful pumps, has had many
impacts, the main ones being decline in water levels, changes in cropping patterns, and
deterioration in water quality. However, the most significant impact of increasing ground-
water extraction has been the widening gap between those who can access groundwater and
those who cannot. This gap is a consequence of both the socio-economic capacity to access
deeper and/or safer quality groundwater, and the hydrogeological regime under conditions
of groundwater over-extraction and/or contamination. The extensive groundwater use in
India, cutting across users and benefiting some while marginalising or excluding others,
raises many challenges on the subject of water justice. These challenges are evident at
different scales: among farmers, between farmers and the village, drinking water versus irri-
gation and irrigation versus industry. It is interesting, therefore to look into the meaning of
water rights and laws concerning groundwater in India. ELRS (2012) summarises the water
rights of an individual and the laws governing water as follows:

(1) There is a direct link between access to surface water and land rights wherein non-
landowners do not derive benefit;

(2) Landowners do not have an ownership right to water but can use surface water
passing through or bordering their lands for private use;

Table 1. Stages of groundwater development in India.

% of total
districts % of total area

% of total
population

Stage of groundwater development 1995 2004 1995 2004 1995 2004

0–50% (“safe”) 82 55 89 52 80 45
50–70% (“safe”) 10 15 7 16 13 20
70–90% (“semi-critical”) 4 13 2 14 3 17
90–100% (“critical”) 1 4 1 5 1 3
.100% (“overexploited”) 4 14 2 14 3 15
Total 100 100 100 100 100 100

Source: CGWB (1995, 2006) and Kulkarni et al. (2009b).
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(3) Rights over groundwater are part and parcel of the land;
(4) Landowners have the right to collect and dispose all the groundwater under their

land.

Figure 1. Groundwater vulnerability in India.
Source: CGWB (2006) and CGWB-MoWR (2010).
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Locating groundwater competition within India’s groundwater crisis

Although there is significant literature on water conflicts in India (Joy et al. 2008), there is
limited discussion on groundwater conflict, particularly through an aquifer-oriented per-
spective. However, the conflict between farming communities and the city of Chennai
over filling up tankers from wells used for agriculture is one clear case that is well-docu-
mented (Janakrajan 2008). Hence, during our research leading to this paper, we have
adopted a combination of literature study on groundwater that addresses spatial diversity
and temporal issues around groundwater resources in India combined with our own experi-
ences and detailed studies on groundwater in different parts of India. Much of our own work
is oriented towards a strong push for a community-oriented management of aquifers as an
alternative to the conventional approach of “finding” groundwater for locating wells on
individual parcels of lands, whether for farming or any other purpose.

Disputes (internal as well as transboundary types) over the distribution and access to
surface water systems (Joy et al. 2008) are well-known. It is interesting to think through
why legal regulation for these two systems – surface water and groundwater – is so differ-
ent and why conflicts surrounding groundwater are not as obvious as those around surface
water, given the magnitude and range of groundwater-related challenges present in India.

Surface water resources accord better visibility than groundwater. Volumetric measure-
ment of surface water is easier than that of groundwater. Surface water is harnessed through
dams and artificial storages, with flow through open channels, canals and pipelines, the dis-
tribution and use of which can be more easily monitored, questioned, contested, and made
the subject of conflicts. Such monitoring provides a clearer public perception of water quan-
tities in the case of surface water, with allocations often taking place on the basis of the
rights of groups of people rather than of individuals. Making allocations is easier, but for
the reasons given above, conflicts precipitate quickly, when allocations turn contentious.
The formal allocation mechanism of rights for surface water makes it more open to con-
flicts, which often spill over into protracted legal and political battles.

The most significant limitation for effective groundwater management and governance
is the absence of clear understanding of the boundaries of aquifers and a nuanced under-
standing of the properties of these aquifers. Despite groundwater laws in certain states,
the absence of a clear understanding of the resource (aquifers) causes competition for
groundwater in many regions. Such competition often enables access to many during the
early stages of groundwater development but as groundwater resources are exploited, the
same competition deprives various sections of society from access to water, with further
intensification leading to increased exclusion of the marginalised and poor. We postulate
that the manner in which groundwater conflicts tend to manifest in India is primarily
through the pervasive and intense competition around the resource rather than through a
few flashpoints leading to open conflicts. This does not mean, however, that open conflicts
around groundwater do not exist; a famous example of such conflicts is the Plachimada case
also discussed below. However, the nature and properties of an aquifer are crucial contex-
tual factors in which debates about rights, access, restrictions and justice surrounding
groundwater are developing and take shape.

Aquifer properties and competition

The occurrence and movement of groundwater in the aquifer is determined by the properties
of the rock strata forming that aquifer, the properties being quite variable, laterally and with
depth. Hence, the definition of the user community (community of users who tap a common
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aquifer) is made effective after mapping the boundaries of the aquifer. The competition for
groundwater, which has the resource characteristics of a “CPR”, stems from the fact that use
by one person reduces availability for another. However, since groundwater in an aquifer is
sourced in a dispersed manner, this interdependency does not become obvious as quickly as
in the case of surface water. Such interdependencies may change with changing patterns of
usage, including the use of advanced and higher capacity pumping systems and depths from
which groundwater is extracted, even as the nuances of aquifer characteristics come into
play. Aquifer characteristics have a significant bearing on aspects of water access, rights
and justice, given the fact that some aquifers are renewable, while others have water
stocked up from many years of compounded recharge. Pumping from aquifers that have
not been recharged since hundreds or even thousands of years ago can be likened to
mining the limited stock of groundwater available.

Aquifer geometry is primarily determined by the geology of the earth. India’s diverse
geology implies a great variability in the occurrence and movement of groundwater (Kulk-
arni and Vijay Shankar 2009a). Even at a national level, five broad hydrogeological settings
are identified (see Table 2, column 1), each based on the geological features of regions.
These five settings have distinct sets of hydrogeological characteristics, which determine
the scale of the aquifer, i.e. its extent and depth. Aquifer scales are important to understand
competition, because scale is important in the definition of relationships between stake-
holders, communities and underlying aquifers. The spatial scale of the aquifer determines
the size of the arena for groundwater competition. Alluvial deposits (clay, silt, sand, gravel
and larger material, transported and deposited by streams and rivers) have the capacity to
store large volumes of water on account of their “intergranular” porosity; their thicknesses
can exceed hundreds and even thousands of metres, with multiple layers of water-bearing
strata. Well yields are significantly high and the variability in yields over short distances is
not as significant as in the hard-rock category. “Hard rock”,3 on the other hand, is a term
used to describe crystalline or volcanic rock formations that have low “intergranular” por-
osity; hard-rock formations show limited productivity of individual wells and unpredictable
variations in productivity of wells over relatively short distances, depending upon their
weathering and fracturing patterns.

Resource systems are akin to stock variables capable of producing a maximum quantity
of a flow variable without harming the stock or resource variable itself (Ostrom 1990). The
movement and accumulation of groundwater in an aquifer are functions of transmissivity
(T) and storativity (S), the two fundamental properties of an aquifer that determine the
flow and stock of groundwater, respectively. T and S are functions of different factors

Figure 2. Aquifer inhomogeneity–complexity in competition.
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Table 2. Broad groundwater typology of India.

Regional
groundwater settings

Aquifer scale and natural
conditions prompting

competition

Broad time
scale for effects

of overuse to
appear

Significance, with regard to
groundwater competition

Mountain aquifers Highly localised aquifers –
non-coherent village and
aquifer boundaries –
springs and their recharge
zones may lie in different
villages

Shortest Major changes in land use
and drilling for extraction
may impose competition
between uses – industry
versus drinking water or
agriculture versus
drinking water; springs
may dry up in some
villages, as a consequence

texp ¼ 5 years

Unconsolidated
sediment (mainly
alluvial) aquifers

Regional systems
(extensive) – multiple
aquifers (deep) – aquifer
overlain by many villages
– also each village can
vertically tap multiple
aquifers – potential
competition between
habitations rather than
individual well-owners –
farmers with limited
capacities to invest get left
behind in competition –
vulnerability to
groundwater
contamination often
develops quicker than that
to depletion

Longest Large investments possible
only for the individuals
with capacity to invest,
marginalising those who
cannot invest; competition
is not restricted to
“quantities alone” but to
the access of better quality
water. Water-intensive
industries could “capture”
a large share of water from
such aquifers without
obvious impacts to
neighbouring industries or
to villages (agriculture and
domestic water)

texp ¼ 25–50
years

Consolidated
sedimentary
aquifers

Scales highly variable –
from local to regional
aquifers – hence, scales of
competition vary from
neighbouring farmers to
that between villages

Relatively long Impacts of groundwater
quality tend to be more
pronounced than on the
quantitative side, creating
competition around better
quality groundwater

texp ¼ 5–20
years

Volcanic rock
aquifers

Local aquifers often stacked
– watershed and aquifer
boundaries often coherent
– a single village may be
underlain by many
aquifers – upstream
downstream impacts are
common as deeper
aquifers in one village
may outcrop as shallow
aquifers downstream

Short Local recharge systems, at
places, outside village and
watershed boundaries;
competition is usually
through digging and
drilling deeper to access
successive layers;
capacities to store
groundwater are limited,
but large-scale surface
water harvesting gives an
impression of “unlimited”
recharge, often implying
an intensification of
competition after such
measures are undertaken

texp ¼ 5–15
years

(Continued)
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such as aquifer material, thickness, hydraulic gradient (slope of the water table), hydrostatic
pressures, etc. Figure 2 attempts to schematically capture aquifer conditions resulting from
variations in T and S. Differing domains of T and S will impact the aquifer differently. The
shaded portions around the wells indicate the extent of impact on aquifer storage due to
pumping by these wells. It is obvious that there will be local impact in domains where T
is limited even across a range of S, creating situations of natural equitability across individ-
ual wells – the low T imposes a virtual boundary to pumping by each well. On the other
hand, where T values are greater, there is more “interconnectedness” across the aquifer.
Hence, the pumping of one well affects aquifer-storage around nearby wells more easily,
with effects of such “interference” felt at different distances in the aquifer. More signifi-
cantly, though, the interconnectedness also throws up the question of the aquifer not allow-
ing a land-parcel or a well-based system of groundwater rights to be defined easily. Thus, T,
S and aquifer scale determine the nature of groundwater competition. Alluvial and volcanic
aquifers present two such contrasting settings, described with the two examples below.

Competition over large stocks of groundwater – alluvial aquifer systems

First, the Mehsana alluvial aquifer system in arid North Gujarat extends over an area of
some 3000 square kilometres (Rushton 1990). Between May 1996 and May 2000, an
area about 80-kilometre long and 40-kilometre wide across central Mehsana recorded
declines in groundwater tables of 20–30 metres – a rate equivalent to at least 5 metres
per year (Jain et al. 2000) – and probably transecting a layered aquifer system, rather

Table 2. Continued.

Regional
groundwater settings

Aquifer scale and natural
conditions prompting

competition

Broad time
scale for effects

of overuse to
appear

Significance, with regard to
groundwater competition

Crystalline rock
aquifers

Regional and local situations
– complex relationships
between shallow and deep
aquifers – variable scale
of one village – one
aquifer to many villages –
one aquifer; similar in
some ways to consolidated
sedimentary aquifers, but
with tighter limits of
storage and recharge
cycles

Highly variable Depletion concurrently
affects quantities and
quality, making drinking
water sources highly
vulnerable; intense
competition involving
deepening of wells,
widening of wells and
progressive drilling of
bore holes at well-bottoms
eventually through
independent deep bore
holes; capacities to store
groundwater are variable;
large-scale surface water
harvesting gives an
impression of “unlimited”
recharge, often implying
an intensification of
competition like that in
volcanic rock aquifers

texp ¼ 5–25
years

texp ¼ time of transition from “safe” to “overexploited” condition.
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than a single aquifer. An alluvial aquifer system, in its initial exploratory phases, clearly
gives the impression of unlimited water supply, simply because the thickness of each
water-bearing horizon (aquifer) and a layered sequence of several aquifers, in addition to
a large lateral extent. This notion was perhaps the single most significant aspect of large-
scale groundwater use in the alluvial aquifer system in Mehsana. Even as far back as the
late 1980s, Rushton (1990) reported competitive drilling and deepening, when many dug
wells were converted to dug-cum-bore wells and a large number of deep tube wells were
also constructed as a consequence of earlier assessments indicating plentiful supply of
water. As more wells were drilled, the pumping levels fell and reductions of tens of
metres or more were not uncommon. So, rather than the competitive arena remaining con-
stant, the rules of the game changed as shallow aquifers in alluvial areas were completely
depleted and the economics of harnessing groundwater crystallised around fewer farmers,
who became nuclei for water markets.

Wealthy farmers thus establish de facto control over the resource and “collude” against
the resource-poor, at the same time spearheading political mobilisation to defend access and
control over groundwater resources (Dubash 2002). Since the size of an individual farmer’s
appropriation of groundwater appears too small in relation to the overall size of the aquifer,
a common belief is that the scope for competition in such aquifers is quite limited. However,
being located in a low rainfall tract of western India, groundwater development in Mehsana
led to rising costs of extraction and formation of what Shah (2009) called “collusive oppor-
tunism”, wherein the economy forced farmers towards opportunistic co-operation to pool
capital and spread risks. At the same time, the limits of drilling deeper even in alluvial aqui-
fers are not always financial. The boundaries of the Mehsana alluvium, for instance, where
many settlements are located, told a different story. Initial deepening of wells and tube wells
resulted in additional quantities of water, but subsequent deepening failed to produce more
water as wells struck bedrock at certain depth. Some farmers benefitted as they tapped into
the productive bedrock zones, others did not (Mudrakartha and Madhusoodhan 2005), and
the arena of competition changed from an alluvial aquifer setting to that of hard-rock
aquifers.

The Mehsana aquifer illustrates a case in point for the transition from large-scale
groundwater availability to that of expensive access. The vicious cycle of deepening tube
wells because of water level declines on account of overdraft, resulting in increasing expen-
diture to continue access to water, creates newer arenas of competition, with an ever-
increasing stake in groundwater extraction. In other words, it becomes crucial to access
“technology” that can “reach deep down” and pump water from great depths, both of
which clearly in the ambit of only the well-to-do farmers.

The groundwater economy around the alluvial aquifers of North Gujarat is discussed by
many researchers (Dubash 2002, Kumar et al. 2004, Prakash 2005), with Shah (2009) suc-
cinctly summing up the issue as follows: “tube well companies enjoy a high degree of mon-
opoly power; once a shareholder of a tube well company, a farmer can expect equitable
access but non-shareholders end up as groundwater refugees who get excluded from the
groundwater economy”. Hence, groundwater markets may create a certain degree of
equity in access to and distribution of groundwater, but are not always inclusive of all sta-
keholders, particularly in the advanced stages of water level decline and competition in allu-
vial aquifers. Two clear-cut types of conflicts are evident in the Mehsana alluvial aquifer
system, the first, between members of a well-organisation where timelines of water allo-
cation lead to conflict and the second, between members and non-members, with pricing
being the major issue (McKay and Diwakara 2008).
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Competition of limited groundwater stocks: basalt aquifers

On the other hand, a hard-rock aquifer offers a limited arena for groundwater compe-
tition because of the limited areal extent and thickness of such aquifers. Hard-rock aqui-
fers are often of limited scale, usually coterminous with small watersheds that may, for
instance, include a few villages, sometimes even a single village. A bigger settlement
like a town, a city, or even a village may tap multiple aquifer systems within its admin-
istrative domains, either where a layered system of weathered and fractured rock gives
rise to aquifers at different depth or disconnected, shallow aquifers defined by zones of
rock-weathering. Layered hard-rock aquifers, therefore, offer the competitors a similar
set-up as layered alluvial aquifers, but of limited extent, and therefore with smaller
groundwater storages. Being non-homogeneous in character, their T and S vary laterally
and vertically. In practice, variable conditions in hard-rock aquifers often give rise to
significantly different well yields, and consequently, different extraction patterns even
over short lateral distances. The competitive arena, therefore, is generally limited in
space, but is also quite complex.

The basalt rocks of western and central India dominate the Deccan Volcanic Province
and represent voluminous outpouring of lava that solidified and gave rise to an extensive
(more than half a million square kilometres) and thick pile (hundreds of metres) of “lava
flows”. These basalts show a high degree of variation that leads to a range of aquifer prop-
erties (Deolankar 1980, Kulkarni et al. 2000). Even a single aquifer such as the Pabal
aquifer in Maharashtra, which was studied over a period of 12 years, shows an extremely
heterogeneous nature with limited storage, but pumped heavily for irrigation (Kulkarni
1987, Macdonald et al. 1995).

Bullock-driven mhots (water lifting device) were used to extract water from the 100 odd
large-diameter dug wells in the Pabal aquifer even until the mid-1980s. Progressively, these
mhots gave way to diesel engines, before electricity-powered pumps became ubiquitous by
about 1988. By the early 1990s, the number of dug wells also grew to about 300. Recharge
peaked in this aquifer towards the end of the 1990s, when an optimal recharge and the
reduction in base flows (groundwater discharging to streams and rivers) ensured that the
increase in groundwater abstraction, even in a low-rainfall zone – 500–550 millimetres
annually – could be sustained over some 10 odd years. However, in a low-rainfall year,
this could have devastating effects (Macdonald et al. 1995). Farmers also tried drilling
deeper bore wells, but the absence of deep aquifers in this specific area confined the com-
petition for groundwater resources to an expansion of well numbers. Owners of high-yield-
ing wells installed more than one pump to capture water quickly and spread it over smaller
portions of land with high-value crops. Wells located in the high-T zones of the aquifer had
a clear advantage over those located in low-T zones.

The case of the Pabal aquifer is a self-limiting process, wherein deeper drilling by
farmers in the area has not resulted in additional water because the basalt in the region
does shows limited potential for deeper aquifers. However, in other villages overlying
similar hard-rock aquifers consisting of basalt rocks or other hard-rock formations such
as those found in large parts of Southern India, “competition of numbers” spills over sub-
sequently into a “competition of depth” wherein users compete on lines similar to what
happens in layered alluvia, with the constant hope of “getting more”, by reaching greater
depth. The significant difference, though, in case of the deeper hard-rock aquifers, is the
fact that groundwater storage is often so limited that it lasts only a couple of years. This
leads to the intensification of this competition for two reasons: a depleted resource and
an increasing number of mechanisms (wells or bore wells and pumps) to tap the resource.
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In layered hard-rock systems, therefore, the competitive arena (aquifer) shrinks much
quicker than in the layered alluvial aquifers.

The competition for groundwater in hard-rock aquifers results in rising marginal costs
for individual well owners and a declining share in the limited water available. Across
seasons, increasing demand for supplementary irrigation for the kharifcrop (grown in the
monsoon months of June to September) would significantly reduce the availability of
groundwater during the summer months. This scenario also affects public drinking water
sources, creating not just a case of competition between users but also a potential conflict
between drinking water supplies and irrigation demand. Public “drinking water supply
schemes” involve progressive deepening of sources, an increased number of sources and
larger water-lifting mechanisms as the need for drinking water of a community competes
with individual demands (for irrigation) of the same community. Thus, the significant
decline in water levels due to pumping from irrigation wells in the Pabal aquifer has
likely impacts on public water supply wells (Macdonald et al. 1995).

The nature of competition corresponding to each box is depicted in Table 3, although in
reality the situation may be somewhat more complex, with overlapping patterns of compe-
tition. The table summarises class-wise scenarios of conditions, imposed by different com-
binations of T and S. The situation may get further compounded by water quality impacts, a
co-emergent issue in many areas where extraction progresses from shallow to deeper aqui-
fers and where cycles of freshwater recharge change from annual to longer term (decadal or
even longer), and where progressively deeper extraction means more mineralised
groundwater.

Many hard-rock systems depend upon storage in their weathered zone and transmission
through their fractures. These weathered-fractured aquifers offer a limited time-frame for
competition, but strong competition is evident, nevertheless. Water contained in the
upper weathered zone implies intense competition for a short period of time, until the
limited groundwater storage (often restricted to a single annual cycle of recharge) lasts.
In regions such as peninsular India, limited storage has not stopped processes of competi-
tive deepening, as farmers find solace in drilling into deeper zones of rock fracture, that
work on the principle of quick transmission but poor storage. Such deeper aquifers often
hold water from a compounded stock of multiple years’ of recharge and yield water for a
few years. The process soon becomes uneconomical, wells tend to be abandoned, and
users shift to less water-intensive forms of livelihood eventually (COMMAN 2005).

Manifestations of overuse and responses

The manifestation of the groundwater crisis and the evolution of responses in diverse
hydrogeological settings determine how groundwater competition unfolds in real life.
Figures 3 and 4 show how the groundwater crisis manifests in alluvial and hard-rock set-
tings, respectively. The lateral continuity in alluvial aquifers is seldom available to ground-
water users in hard-rock aquifers. Well numbers increase in both settings as land gets more
fragmented, but the greater T and S in an alluvial aquifer provide users with resources to
install a larger capacity of pumps and to drill deeper, in order to gain a quantitative advan-
tage over their neighbours. Even as the number of wells grows, some users with deeper
wells and with larger pump capacities are able to access and obtain a larger share of the
water from the aquifer. The divide between the “haves” and the “have-nots” increases as
water levels decline, aquifers deplete, and drilling into deeper aquifers results in increased
costs (for drilling, screening, and pumping). Such users clearly have the advantage of acces-
sing more water than those with shallower wells and lower capacity pumps. Groundwater
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availability itself is a function of hydrogeological conditions in the aquifers. The financial
capacities to drill deeper and install powerful pumps clearly give some users an advantage
over others. The relative share of water available to each member of the aquifer community
may progressively decline as water levels across the aquifer drop over the long term (see
Figure 3).

On the other hand, hard-rock systems have a limited T and S, both of which constrain
capture of water in large quantities. Installing large-capacity pumps, therefore, does not
fetch greater benefit, and may actually constrain the user from obtaining a significant quantity
of water. Users in hard-rock aquifers, therefore, compete through installing more wells and
drilling horizontal bore holes, particularly at depths of permeable zones, creating a series of
discrete overexploited pockets and localised deep-lowering of the water table, with a geome-
try resembling deep cones with small radii (Figure 4). The greater heterogeneity of conditions
in hard-rock aquifers often creates unjust conditions, particularly when lateral drilling into
permeable zones by some well owners results in greater benefits for those who have the
means to do this, often derived by “capturing” water from underneath adjoining lands.
Even when all users drill horizontally, benefits to some are greater than to others. This is deter-
mined by the degree to which it is possible to connect to high T layers or to pockets of the
aquifer possessing a greater S. Moreover, as competition intensifies in the form of
growing well numbers to drilling horizontal bore holes at progressively greater depths,
only those capable of making these investments can benefit. A farmer with the financial
capacity to dig and drill – one who can access and invest in the technology4 – has a clear
benefit over another who cannot. As hard-rock aquifers become depleted, it becomes clear

Table 3. Variable arena of competition as a consequence of aquifer inhomogeneity.

Low-to-moderate S High S

Low-to-
moderate
T

Class I: Self-limiting in terms of
conflict; case of increasing wells that
are merely cisterns to collect water.
Equity across users within the class
implies a naturally “just” setting,
but compared to the other three
classes, aquifer properties impose
the “unjust” conditions for this class
of “only seasonal” users.

Class III: High-value water because of
natural fencing (limited transmissivity);
users often expand the size of their wells
(in case of dug wells) to capture as much
of storage as possible; sometimes
horizontal drilling is used to access
water. Equity across users within the
class implies a naturally “just” setting,
even better than Class I because of the
larger amount of available water. The
best class in terms of natural
(hydrogeological) fencing – perennial
wells with modest yields.

High T Class II: Highly competitive arena for
quick water capture; larger pump-
sets used to capture seasonally high
yields; domain of high impact
competition. The level of equity
across users within the class reduces,
with progressively unjust conditions
for users who are unable to invest in
the mechanisms for such
competition. Across the four classes,
this set of users suffer a natural state
of injustice second only to Class I
users.

Class IV: Complex and highly competitive
arena with multiple levels of
competition – well numbers, deepening,
horizontal drilling and large pump
capacities; may take time to result in
fully blown conflicts. Level of equity and
justice within the group is high, but
being part of the same aquifer, these
users often impose injustice of varying
degrees on users from the other three
classes.
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that accessing the limited amount of water through various means – usually technologies and
investments – provides the edge for those who can obtain water over those who may already
be deprived of it, leading to increasingly unjust situations of groundwater access.

Figure 3. Alluvial aquifers: competition within a continuum.

Figure 4. Hard-rock aquifers: competition in discreteness.
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Competition in both alluvial and hard-rock aquifers may produce a seemingly similar
situation of aquifer depletion and falling water levels. However, time frames of depletion
vary and so does the quantity of water extracted. The specifics of the nature and extent
of competition around groundwater resources in alluvial and hard-rock aquifers are sum-
marised in Table 4.

Figure 5 explains how inequity in groundwater access develops in an aquifer underlying
the area that gets progressively fragmented in terms of landownership. The example is
derived from an actual mapping of land parcels in representative hard-rock aquifers
(Deccan basalt aquifers from two relatively low-rainfall areas in Western India, both
from Pune District in the State of Maharashtra), where the land parcel boundaries and
aquifer boundaries are not coterminous. Fragmentation leads to the emergence of a new
series of sources (wells) through which those in control of the land attempt to tap into an
existing groundwater resource. Let us assume that the dark circles represent polygons,
underneath which T and S of the aquifer are greater than underneath the other polygons
(with crosses); wells in these land plots yield good water for long periods of time.

Each polygon is a land parcel belonging to one farmer; so A1 belongs to one farmer, B2
to another, and so on. Hence, A1, B2 and C3 are land parcels that are “better endowed” with
groundwater resources; wells located on these lands will yield a substantial amount of water
almost throughout the year. Hence, wells in these three land parcels will have a greater
measure of success than the wells located in any of the other polygons. In simple terms,
some land parcels “have” groundwater, while others “do not”. This generation of farmers
has three out of nine land parcels being irrigated and a success rate of 30% for wells.
Hence, six farmers remain dependent on rainfed agriculture.

The land gets divided through processes of division and inheritance, as the next gen-
eration of families gradually takes over and establishes new households. Let us assume
that all eight parcels get divided into four parts (as shown in the outer circle of diagrams
in Figure 5). The central parcel (B2) remains undivided. There are now 33 land parcels,
including the larger one (B2). Each household wants its own source of groundwater and

Figure 5. Fragmentation of land and competition for groundwater resources.
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Table 4. Co-determinants of groundwater competition and conflicts in alluvial and hard-rock aquifer
settings.

Co-determinants Alluvial aquifer setting Hard-rock aquifer setting

Land holding Could have both small and large
land holdings, depending upon
demographic factors, e.g. in the
Western States of India like
Gujarat, Punjab and Haryana,
land holdings are larger than
those in Eastern States like
Bihar and West Bengal

Could have both small and large land
holdings, depending upon
demographic factors as well as
location within a region, e.g. larger
land holdings are likely in the
flatter low-lying areas than in areas
in or closer to ridges, even in small
microwatersheds of the size of less
than 500 hectares

Land use Variable land-use, dominated
largely by agriculture, but
increasingly agriculture land is
being converted to industrial
pockets; pressures of
urbanisation are also quite
significant; paddy and wheat
dominate, but large patches of
cash crops like sugarcane are
obvious

Variable land use with more diversity
in agriculture; both industrial and
urban pressures significant; paddy
and wheat dominate where
groundwater storage is significant;
patches of cash crops like
sugarcane obvious where surface
water and groundwater are often
accessed in conjunction

Amount of groundwater use
(as a function of aquifer
characteristics)

High rates of extraction of large
volumes of water possible over
significant periods of time

A wide range of extraction rates for
low-to-moderate volumes of water
over relatively short periods of time

Amount of groundwater use
(as a function of technology
– type of source and energy
used)

Largely high cost – sources and
energy – with range of
possibilities; shallow
groundwater extraction in some
areas with diesel pumps, but in
large regions, groundwater is
extracted with high-capacity
electric motors; limits
determined by “financial
capacities” rather than aquifer
conditions

Still relatively modest costs –in terms
of both sources and energy;
shallow groundwater extraction in
some areas with diesel pumps, but
electric pumps used in many
regions; limits determined by
“aquifer conditions” rather than by
financial capacities

Type of use of groundwater Drinking water (rural and urban),
irrigation, industry

Drinking water (rural and urban),
irrigation, industry

Nature of potential conflict (in
unexploited aquifers)

Between people who have access
to groundwater and those who
do not, particularly in areas that
are flood-prone or water-logged;
sometimes, the conflict is over
“better” quality water between
users for the same purpose
(drinking water or even within
agriculture); conflicts rooted in
“capacities” – land holding and
the capacity to access
technology – of a limited few
may lead to “power” over access
leading to potential conflict
between the “haves” and “have-
nots” for the same type of use;
elite capture of the resource is
dictated by financial capital to
access technologies to “more”
and “better” groundwater

Droughts are temporary
representation of long-term
depletion when the “haves” and
“have-nots” get defined; people
with access to aquifers or portions
of aquifers with larger storages
often gain advantage and dictate
terms – whether for drinking water
or for irrigation water; the value of
water rises and water transfers take
place (for instance, through
tankers); location becomes an
important factor for such access
and land value rises often leading
to widening the divide between the
“haves and have-nots”; if a large
land holder in agriculture; elite
capture of the resource is dictated
by the locational capital to access
the “richer” portions of the aquifer

(Continued)
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wells are dug or drilled, often as close to the “successful” well in the next parcel. Given
the shape and size of the aquifer (the latter represented through the size of the black
circles and arcs), groundwater gets apportioned in areas close to the “successful” or
high-yielding wells from the previous generation. Though perhaps a relatively larger
proportion of parcels will have access to groundwater, the share of groundwater for
each parcel will shrink. However, the larger problem in a land fragmentation scenario
is how, for instance, the competition in the fragmented matrices unfolds. The compe-
tition that occurs between uses that wish to access larger shares of a limited resource
is categorised in Table 5.

Outcomes of competition

Despite the contrasting nature of alluvial and hard-rock aquifers, competition for ground-
water is often intense and occurs over fairly extensive areas in both hydrogeological
settings. In alluvial aquifer systems, the competitive arena is contiguously large. In
hard-rock aquifers, arenas of competition are nuclear, restricted to local aquifer boundaries,
but many such nuclear arenas get consolidated to aggregate into a fairly large region of
groundwater competition. As competition intensifies in either of these situations, there
are two possible outcomes, neither of which is a serious situation of conflict.

Table 4. Continued.

Co-determinants Alluvial aquifer setting Hard-rock aquifer setting

Nature of potential conflict
(in exploited aquifer
systems)

The “power” to access large
quantities of good-quality
groundwater depends upon the
capacities to invest in
technologies of drilling,
pumping, recharge and
treatment often resulting in
markets; however, there are
still many users who remain
outside such market capacity
and are denied the use of
good-quality water; locational
advantage is not a big factor,
but financial capacity is; an
industry for instance could
have such a capacity to tap
aquifers underneath vast tracts
of agricultural land on which
villages are located leading to
a potential conflict between
different types of uses; in the
absence of access to good-
quality groundwater,
thousands living in such areas
are at risk leading to a conflict
around basic needs, despite
good-quality groundwater at
hundreds of metres under their
habitation

The locational advantage is
magnified manifold; land parcels
that can access deeper aquifers
with good aquifer characteristics
have the primary advantage
leading to competition and
conflicts between the same type
of uses or between different types
of uses (industry versus
agriculture or even urban versus
rural). A small land-holder sitting
on such an advantageous piece of
land can turn his neighbourhood
into a market condition, again
leaving out the landless or those
who have lands situated over
poor aquifer conditions
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Firstly, groundwater markets emerge and are often discussed as the solution to increas-
ing inequities in access as well as in improving agricultural productivity (Shah 2009, Man-
junatha et al. 2011). As land gets fragmented and/or aquifers deplete, markets can provide a
solution for people to share resources and the technology to access and pump groundwater,
distribute it and thus improve productivities as well as equity. However, the nature of
markets can be highly variable, depending upon conditions of the aquifer itself, the differ-
ential scale of aquifers and land-holdings, as well as the rules and conditions for joining and
benefiting from such a market – usually set by those who have the socio-economic power to
do so. Therefore, the outcome is not by definition more widespread access and greater
equity. In the alluvial aquifers of the Eastern Gangetic Plains, for instance, externalities
like diesel prices may widen the divide between sellers and buyers (Shah 2009), both of
whom are small landholders. This may severely hamper the cultivation of boro rice –
irrigated, winter rice cultivated mainly in Eastern India, Bangladesh and Nepal – leaving
some farmers without access to groundwater, even in areas where groundwater exploitation
is not such a serious threat (Mukherji 2007, Shah 2009).

Secondly, sharing groundwater through cooperatives is a distinct possibility, although
there are limitations to where and when people share groundwater resources. In the case
of hard-rock aquifers, communities usually cooperate easily in activities that target augmen-
tation of groundwater through water harvesting and artificial recharge activities
(COMMAN 2005). However, as fragmentation of land occurs concurrent to resource
depletion, it becomes increasingly difficult, though not impossible, to get users within a
community to share groundwater resources. Aside from such cooperative arrangements,
fragmentation of land itself, particularly in the context of the increasing extraction of
groundwater underneath, is a threat to the subsistence of families depending on land and
water. Many such families may have to exit agriculture completely, get into practices of
sharecropping and eventually even migrate to towns and cities in search of non-farm
livelihoods.

The issue about how we relate “locational” advantage or disadvantage, vis-à-vis access
to groundwater, flows from the above discussion. If we take a typical watershed area in the
Indian context, then a variety of restrictive water recharge and conservation measures are
taken in the upper part of the watershed, mainly inhabited and exploited by the more
resource-poor sections of Indian society, including various minority groups. While such

Table 5. Domains of competition as a consequence of division of land parcels (refer Figure 5).

Matrix no. Nature of competition Relative share of impact on B2

A1 and C3 Fragmentation of resource, with access to
everyone; wells are added and competition is
usually through episodes of well deepening

Large impact, mostly by sources in
all the eight sub-parcels

A2, B1, C2
and B3

Sub-parcels in close proximity to B2 get some
share of groundwater, but peripheral sub-
parcels have little access; newer wells first,
followed by deepening and finally drilling
horizontally in the direction where
groundwater is known to occur

Differential impacts, larger by sub-
parcels in immediate proximity
to B2

A3 and C1 New wells mostly fail, so horizontal drilling in
the direction of B2 is often the first resort;
followed in some cases by deepening and
drilling

Highly differential impacts at the
sub-parcel level
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groups bear the burden of such measures, the positive impacts show up more in the lower
valley portion where the more resourceful sections of society (mainly upper castes and the
rich) have their land and hence get access to this “increased” groundwater. Thus, the spatial
distribution of water conservation interventions, the types of such measures, control over
land, and social status, identity and power are an important determinant whether and to
what extent one gets access to water. Only in situations where communities have explicitly
established certain institutional arrangements with regard to the equitable sharing and use of
groundwater, such spatial peculiarities and locational (dis)advantages are accounted for. In
fact, this has been one of the important lessons learnt from micro-watershed development in
the country (Joy and Paranjape 2004).

Competition often turns into conflict when an aquifer that is being used to supply water
for a certain purpose suddenly begins to also cater to demands for a different purpose. For
instance, the competitive arena for the use of groundwater for irrigation may suddenly turn
into a conflict when competitors (irrigation) rally against a new user (industry). Usually,
there is a phase of competition, as both groups of users attempt to access as much water
as possible in a common resource, the aquifer. Resolution of a conflict, in such a case, is
always a tricky affair. The well-known case involving Plachimada Gram Panchayat
(village-level local-government institution formed through a constitutional process) and
the Coca Cola Company is a case in point.5 The Division Bench of The High Court of
Kerala, for instance, asserted the primacy of landowners’ control over groundwater in
the absence of a specific law prohibiting extraction. Prior to this, the single judge of the
High Court had used the principle of public trust and its link to the right to life and
stated that a system leaving groundwater exploitation to the discretion of landowners can
result in negative environmental consequences (ELRS 2012). This clearly implies questions
for groundwater governance and a clearer articulation of rights and duties in the ground-
water policy framework.

A prolonged phase of groundwater competition usually occurs before groundwater con-
flicts come out in the open as in the case of Velliyur village versus Chennai Metrowater
Board in Tamil Nadu State (Janakrajan 2008). Understanding the nature of the aquifer is
important for understanding how water conflicts, inequities and injustices come about.
An alluvial aquifer setting is very large and may encompass tens, even hundreds, of
small and large settlements competing for a common resource. Both these examples rep-
resent the potential arenas of groundwater conflict in the rapid transitions taking place in
India. As India gets more urbanised, groundwater use to support peri-urban areas and sup-
plement urban water supply is leading to pressures on aquifers in adjoining rural areas due
to direct “transfer” of groundwater resources. This, in turn, affects local groundwater avail-
ability for both domestic and agricultural purposes.

Conclusion: understanding aquifers, competition and conflict as a basis for
groundwater justice

Whether for domestic use, agriculture or industry, there is competition for groundwater
within each of these sectors as well as between them. As the nature of the demand is a
given, users respond to scarcity – either due to rainfall failures (temporary) or due to
aquifer depletion because of over-extraction – by increasing their sources, using higher
capacity pumps to gain quicker and greater access, and by expanding their scope of
access laterally and/or vertically. Conflict, if any, is not obvious in many cases because
of the potential to adjust and adapt within the arena of competition. However, questions
of equitability and justice become far more important in the arena of competition around
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groundwater resources in the absence of obvious conflict or even before the flash point of a
conflict emerges. An increasingly larger number of users have access to resources – finan-
cial, technological and locational – that enable digging wells, installing pumps and tapping
a depleted source. This may result in inequality of access, while the overall long-term
impact may be groundwater overuse to which a large section of the users are party. On
the other hand, as groundwater storages dry up as a consequence of aquifer-level depletion,
users with multiple and/or deeper sources are better able to access the limited remaining
stocks, leading to a condition of inequitable access and injustice, usually to the resource-
poor.

Groundwater storages in an alluvial aquifer are not only large, but the layered “system”
of aquifers in an alluvial hydrogeological setting also creates a notion of infiniteness of the
resource. In multiple, overlying aquifers with virtually infinite lateral boundaries, compe-
tition appears through a race to drill deeper. On the other hand, boundaries play a key
role in the competition in hard-rock aquifers that have limited extent and thickness. In
such aquifers, digging wells and drilling vertical and horizontal boreholes are mechanisms
that define competition in accessing a limited resource.

The last column in Table 2 attempts to provide a synopsis of the hydrogeological diver-
sity of India, illustrating the wide range of hydrogeological conditions prevalent in the
country. These conditions shape the nature of competition between users and uses and
how such competition unfolds in myriad ways over different time-scales.6 An added dimen-
sion cutting across the classes of hydrogeological settings is the tension between the phys-
ical scales and boundaries (aquifers), and the political–administrative boundaries (e.g. of
villages, taluka or blocks, districts, states).

Thus, the primary requirement in devising governance and management responses in
different situations of groundwater competition is to clearly understand the size and
limits of the aquifer, its flow and storage characteristics and the scope and types of
demands and dependence of communities on the aquifer. Hence, aquifer mapping is one
of the pre-requisites of developing an appropriate framework for dealing with groundwater
competition and conflicts. Thus, groundwater justice can be rendered better, whether it is
through a social process in a village council (Gram Sabha) or through formal mechanisms
of groundwater law and justice delivery (e.g. groundwater acts of various state govern-
ments) or a combination of both. Informed norms for allocation of water can be developed
through the process of aquifer mapping, an important element of developing a groundwater
governance agenda in India. The conditions of groundwater use and trends towards over-
exploitation in India clearly call for a review of the current land-related regulation on
groundwater. By separating land rights from the right to access groundwater, the crucial
question of equity and justice will be more easily addressed, whether through social pro-
cesses and mechanisms of regulation or through more formal legal mechanisms like
groundwater acts. At the same time, property regimes around groundwater resources
need to be carefully defined. The gram-panchayat, for instance, could hold rights over an
aquifer, at least where aquifer boundaries are broadly defined by the village setting, in
hydrogeological conditions defined by hard-rocks. Groups of gram-panchayats could
hold the rights to nature and modalities of uses from an aquifer in more regional, alluvial
settings. In either case, it becomes important to understanding the characteristics of the
aquifer through an established knowledge and information system that is developed
through a combination of science and people’s participation. Such knowledge and infor-
mation should be used to device a groundwater governance framework that promotes insti-
tutional arrangements derived from success stories on CPRs globally, wherein a case is
made for a rich mix of public and private instrumentalities (after Ostrom 1990). Moreover,
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the degree of equity and justice through such a combination will also be a function of the
scale of applying such instrumentalities, the scale itself depending upon the aquifer settings.
Having said that, the governance of groundwater is only beginning to take some shape in
India with this paper clearly indicating that groundwater governance must be developed at
the interface of science and society if it has to address the challenges of social equity and
justice laid out in this paper.

Intensive competition for groundwater is an important aspect that does not figure in the
agreements for sharing river flows (Llamas and Martinez-Santos 2005). Such agreements
typically ignore the close relationship between surface flows and groundwater system
(Sahuquillo and Lluria 2003) while framing the principles for sharing of water. An intensi-
fication of groundwater use in the river basin on account of competitive pumping of ground-
water can reduce surface flows and jeopardise water-sharing agreements (Ranade 2005).
Hence, the nature of groundwater use and the types of aquifers in each basin have a
direct bearing and hence should feature prominently in the resolution of disputes on
sharing of surface water flows, including transboundary disputes on water sharing.

Notes
1. An aquifer is made up of rock or rock material that has the capacity to store and transmit water so

that it becomes available in sufficient quantities to wells and springs. An aquifer, therefore, stores
and transmits groundwater.

2. A taluka is the lowest level of government administration above the village level.
3. Hard rocks are the ancient igneous and metamorphic rocks with low primary porosity and

permeability.
4. The cost of drilling a 100-metre bore well and installing a 5 HP pump in hard-rock aquifers

ranges between Rs. 30,000 and 40,000. The cost of drilling, screening and completing a tube
well – 100 metres deep – and installing a 10 HP pump in an alluvial aquifer is between two
and six times that of a bore well.

5. Groundwater conflict around the use by Coca-Cola from the groundwater system supplying
Plachimada Gram Panchayat area led to a protracted legal battle over rights to groundwater.

6. This national hydrogeological typology of India was developed using different sources by
Kulkarni et al. (2009b) for the Mid-term Appraisal of India’s Eleventh Five Year Plan (Planning
Commission, Government of India, 2011).
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