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THE CHANGING WATERSCAPE OF
KARNATAKA

Traversing the state of Karnataka in peninsu-
lar India, from the coconut-shaded coastline,
through the spectacular Sahyadri mountain
range, towards the vast Deccan Plateau, one
encounters a fascinating range of hydrological
conditions. The Sahyadris, or Western Ghats,
running close to the western coast, not only
forms a natural hydro-climatic divide, but is
also a complex vegetated landscape of rich
forests intermingled with diverse agro-ecosys-
tems in its valleys and slopes. Heavy monsoon
rains in this densely vegetated Sahyadri ridge
is the primary ‘source’ of water for all the ma-
jor rivers—both east- and west-flowing—and a
lifeline to more than a quarter of a billion peo-
ple in peninsular India. The west-flowing rivers
are short but gushing, creating a water-rich
coastal area before joining the Arabian Sea.
On the other hand, the east-flowing rivers are
long and slow, meandering across the much
drier Deccan Plateau of Karnataka, and then
Telangana, Andhra Pradesh, or Tamil Nadu
before reaching the Bay of Bengal.

These landscapes and waterscapes have been
significantly transformed by civilisations over
centuries, initially through modest altera-
tions to make the water work for an agrarian
way of life. Thus, the water and forest-rich
environments of The Sahyadris have seen the
emergence of agricultural adaptations: areca-
nut and paddy cultivation in the valleys, and
coffee cultivation on the slopes, with highly
localised water diversions. The relatively drier
eastern plains see more visible hydrological
interventions, with thousands of cascading
irrigation ‘tanks’ dotting the landscape, built
over centuries and enabling agricultural
intensification. More recently, large-scale
interventions such as large dams for irriga-
tion and hydropower, big pipelines for urban
water supply, and millions of deep borewells
to expand irrigation have dramatically trans-
formed the waterscape across the state.

149

Environmentally speaking, one distinct
feature of water is that it always flows: in
streams and rivers but also from the surface
into the ground through ‘infiltration’ and
then from groundwater back in to streams
as ‘baseflow’. This flow links upstream and
downstream users, as also surface and
groundwater users, in complex ways. As we
reach greater intensities of water use far
beyond those prevailing for much of the An-
thropocene, tensions and conflicts between
upstream and downstream water users have
increased dramatically, especially in wa-
ter-scarce countries like India.

While the impacts of direct interventions in
hydrology, such as the construction of large
dames, is fairly obvious, the cumulative impact
of indirect or subtle interventions such as
modifying forest vegetation or soil, chang-
ing agricultural practices, constructing tiny
water conservation structures, or pumping
of groundwater from thousands of wells, are
much less visible or understood. We present
here some of the understanding of these
cumulative impacts we have gained through
research spanning a decade and a half and
ranging from the forest catchments in Uttara
Kannada and Mysuru, to the eastern slopes
in Belagavi, and the water-scarce semi-arid
regions of Bidar, Haveri and Chitradurga.

INFLUENCE OF HUMAN USE OF
FORESTS ON WATER

It is conventional wisdom in environmentalist
circles that forests provide numerous bene-
fits to humans, including flow of streams and
rivers. Even conservation scientists claim that
‘hydrological regulation’ is one of the key
benefits of tropical forests. Deforestation or
forest degradation is therefore considered to
affect downstream communities through hy-
drological change, in addition to all the other
impacts these processes might bring. Yet,

the hydrological changes actually caused by
changes in tropical forest condition and their



social implications are the most poorly under-
stood and contentious of all the environmental
benefits of forests. Human use changes forests
in diverse ways—e.g., in the Western Ghats of
Karnataka, this has created tree savannahs,
pure grasslands, sometimes barren lands and
in other places dense fast-growing plantations
out of dense ‘natural’ forests. Some forest hy-
drologists have argued that denser forests (or
fast growing forest plantations) may consume
more water as compared to tree savannas

or grasslands. Others point out that forest

use, especially grazing of livestock, not only
changes vegetation dynamics but also often
compacts the soil, which may decrease infiltra-
tion and increase surface runoff. What the net
hydrological effect is, and more importantly,
how exactly this affects downstream commu-
nities, has been debated but hardly studied in
the tropics, especially in India*2.

Between 2002 and 2006, we carried out a
multi-disciplinary effort to understand some
aspects of this issue using sites in two re-
gions in the Western Ghats of Karnataka.
What seems to emerge is that not all types
of ‘forests’ have equal or even unidirectional
influence on hydrology, and neither do these
changes in hydrology have the same so-
cio-economic impact everywhere.

One set of catchments was in a high rainfall
(2000-3000 mm) region in Uttara Kannada
district, where farmers had modified some
forests into tree savannas (known as soppina
bettas, locally) to meet their firewood, fodder
and mulch needs, while the Forest Department
had pursued a plantation programme with
fast-growing earleaf acacia (Acacia auriculi-
formis) in other patches. Farmers cultivated

! For details, see Krishnaswamy, J, S. Lele and R.
Jayakumar (eds.). 2006, Hydrology and watershed
services in the Western Ghats of India. New Delhi:
Tata McGraw-Hill.

2 Lele, S. 2009. Watershed services of tropical forests:
from hydrology to economic valuation to integrated
analysis. Current Opinions in Environmental Sustaina-
bility 1(2): 148-155.

paddy during the monsoon, but also used the
seepage flows from headwater catchments

to irrigate more valuable arecanut and spices
in the valleys, and downstream of it, if possi-
ble, some cultivated a second crop of paddy.
Another set of catchments was in a low rainfall
(700-800 mm) semi-arid region in Nanjangud
taluka of Mysuru district near Bandipur Nation-
al park, where villagers also used forests for
firewood and grazing. However, farmers also
captured monsoon runoff from these heavily
used forest catchments in irrigation tanks, and,
if adequate, used that for cultivating paddy
(surprising, since this is a low rainfall region).

The impact of intensive human use of forests
for firewood collection and grazing on the
surface hydrologic processes was similar in
both regions: reduced infiltration and increased
overland flows. But in the high rainfall region,
where soils had inherently higher permeability,
groundwater recharge was still significant even
under human-impacted catchments, and the
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lower density vegetation in these catchments
may have partly compensated with lower
evapotranspiration loss. Planting up originally
grazed patches with acacia improved infiltra-
tion, although it also increased evapotranspi-
ration to some extent. Thus, these land use
transformations affected the post-monsoon
baseflows in streams only somewhat, as long
as the larger catchment contained a mosaic of
intact and modified forest3.

Further, a comparison of productivity and
profitability of arecanut cultivation in valleys
with different duration of post-monsoon
flows showed that the valleys with longer
post-monsoon flows had, on an average,
greater arecanut productivity. On the other
hand, farmers with greater access to forest
products, particularly leaf manure and mulch,
also had higher arecanut productivity. This
suggests that arecanut farmers have to strike
a balance between the hydrological benefits
of intact forests, and the direct benefits of for-
est product harvest for agriculture, livestock,
and the domestic sector, and up to a certain
threshold, they might get enough of both. Hu-
man use of forests causes limited hydrological
impact, and the impacts are compensated by
the direct benefits of forest use.

In the drier region also, intensive use of
forests reduced infiltration, and therefore
groundwater recharge. But the increased and
earlier runoff that resulted, actually benefited
downstream farmers, because their irrigation
tanks were more likely to fill under these
conditions. If, on the other hand, the forest
cover in the tank catchment is somehow
improved, that would then decrease surface
runoff, increase evapotranspiration from the
trees and probably increase groundwater
recharge marginally. Eventually, this ground-

3 Krishnaswamy, J., M. Bonell, B. Venkatesh, BK.
Purandara, S. Lele, MC. Kiran, V. Reddy, et al. 2012.
The rain-runoff response of tropical humid forest
ecosystems to use and reforestation in the Western
Ghats of India. Journal of Hydrology, 472--473:
216-237.
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Farmers can take up paddy when the irrigation
tank fills. (Photo: Shrinivas Badiger)

water could emerge as baseflow in the stream
somewhere much downstream of the tank.
But in a tank-based irrigation system, which is
designed to support a water-intensive paddy
crop, partially-full or slowly filling tanks are
not useful. Our simulations indicated that
improved forest cover would significantly
reduce the probability of tanks filling, and the
frequency with which farmers could cultivate
irrigated paddy crops. Thus, paradoxically,
reforestation may have negative economic
consequences for farmers in the command
area of such tanks-.

In short, forest use or reforestation will
change the hydrology of forested catchments.
But whether the socio-economic consequenc-
es of these changes are positive or negative is
highly contextual. The type of technology so-
ciety has used to create socially useful flows,
such as irrigation tanks, seepage-based agri-
culture, or wells influences these outcomes.
Thus, hydrological ‘services’ of forests depend
not only on the type of forest transformation
but also on the type of socio-technical condi-
tions downstream of the forest.

4 Lele, S., I. Patil, S. Badiger, A. Menon, and R. Kumar.
2011. Forests, hydrological services, and agricultur-

al income: a case study from Mysore district of the
Western Ghats of India. In: Environmental valuation

in South Asia. (eds. Haque, AKE., MN. Murty, and P.
Shyamsundar) Pp.141-169. Cambridge, UK: Cambridge
University Press.



Diversion of river water for water-intensive crops
such as sugarcane has led to increasing conflict
between upstream farmers and downstream
domestic water users. (Photo: Shrinivas Badiger)

UPSTREAM AGRICULTURE AND
DOWNSTREAM IMPACTS

How significant are these forest-cover-driven
hydrological changes in the larger picture of
changing hydrological patterns in Karnataka?
We analysed several decades of streamflow
data from government records of 20 catch-
ments in the Western Ghats, and also estimat-
ed forest cover changes in these catchments
using satellite images. It turned out, neither
was forest cover decline significant in most
of the catchments, nor could the hydrologi-
cal change—where visible—be explained by
just declines in forest cover or changes in
rainfall pattern. Several catchments showed
declining trends in flows, which could only be
explained by increased agricultural water use
through direct pumping from the streamss.

This led us to pay greater attention to agri-
cultural land use changes. The catchment of a
major irrigation dam on the Malaprabha—an
east-flowing river in Belagavi district, Karna-
taka—provided an interesting case. The upper

> Lele, S., J. Vaidyanathan, S. Hegde, V. Basappa,
and J. Krishnaswamy. 2007. Influence of forest cover
change on watershed functions in the Western
Ghats: a coarse-scale analysis. Project report.
Bengaluru: Centre for Interdisciplinary Studies in
Environment and Development.

10% of the 2200 km? catchment is under for-
est cover, which has not changed much over
several decades. The remaining area is largely
under agriculture. The rainfall varies from
2000 mm in the upper catchment to 500 mm
at the dam, and even lower in its command
area. The dam is witnessing a steady decline
in inflows. Initial visits suggested it might be
the towns immediately upstream of the dam
that were extracting water for domestic use,
but these quantities turned out to be rath-

er small. We then analysed the changes in
agricultural land use in the catchment using
multi-season IRS-P6 satellite data®. We found
that the net area under irrigated crops in the
catchment had increased from 10f to almost
40% of the total cultivable land, and this area
consisted primarily of sugarcane, paddy and
some area under oilseeds. Sugarcane, the
most water-intensive of these crops, and one
that is perennially irrigated, occupied almost
half the irrigated area. The crops were being
irrigated either by pumping from borewells or
by (mostly clandestine) lifting of water direct-
ly from the Malaprabha river and transport-
ing it several kilometres. It is this increase in
consumptive use of water for irrigation that is
responsible for reduced inflows into the dam.

Interestingly, the reduced inflows into
Malaprabha did not trigger a conflict be-
tween command area farmers and upstream
farmers, probably because there are similar
inequities within the command area itself’.
But it did trigger action from Bailhongal and
Soudatti towns, which depend significantly

6 Heller, E., JM. Rhemtulla, S. Lele, M. Kalacska, S.
Badiger, R. Sengupta and N. Ramankutty. 2012.
Mapping crop types, irrigated areas, and cropping
intensities in heterogeneous landscapes of south-
ern India using multi-temporal medium-resolution
imagery: implications for assessing water use in
agriculture. Photogrammetric Engineering & Remote
Sensing 78(8): 815-827.

7 Farmers at the head-reach of the Malaprabha
canals appropriate most of the irrigation water,
and so hardly anything reaches the tail-end. In
this situation, the effect of reduced inflows and
releases from the dam are hardly felt by the head-
reach farmers.
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on the Malaprabha reservoir, in the form

of sending patrols to stop illegal lifting of
water from the river-bed upstream. But the
larger role of groundwater pumping in the
catchment as a whole was not foregrounded.
An exploration of what is driving sugarcane
expansion in the Malaprabha catchment took
us into the political economy of sugar produc-
tion and policies supporting the setting up of
sugar factories at the expense of other forms
of agricultural development. But thatis a
story for another day?®.

WATERSHED DEVELOPMENT: NOT
A SILVER BULLET

As environmental concerns around large
dams became prominent in the mid-1980s,
one solution to the problem of water scarcity
and low agricultural productivity in semi-arid
areas that became quite popular in both civil
society and policy circles was the idea of ‘par-
ticipatory watershed development’. The idea
was to carry out soil and water conservation
activities in common lands, streams, and indi-
vidual farms, so as to capture as much of the
rain falling in micro-catchments and to make
it available as soil moisture, and to recharge
the groundwater, which can later be pumped
for farming. The activities included land level-
ling, farm bunding, contour trenching, re-veg-
etation of common lands, check-dams and
other recharge structures on streams, all of
which were to be planned and implemented
in a participatory manner. This idea was pilot-
ed in places such as Ralegaon Siddi in Mahar-
ashtra, and Sukhomajri in Haryana, and then
mainstreamed into rural development policy
for semi-arid areas. Starting in the late 1990s,
a series of large state and donor-funded
projects and programmes were implemented

8 Badiger, S., S. Gopalakrishnan, and I. Patil. 2013.
Contextualizing rural-urban water conflicts: bio-
physical and socio-institutional issues of domestic
water scarcity. In: Water in a globalizing world: state,
markets and civil society in South Asia. (eds. Narain,
V., C. Gurung Goodrich, J. Chourey, and A. Prakash)
New Delhi: Routledge Publishers.
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Rainwater harvesting structures constructed
in many watershed development programmes
become dysfunctional even before they start
reaping benefits due to lack of social engineer-
ing. (Photo: Shrinivas Badiger)

across the country, including the drier parts
of Karnataka, for enhancing and stabilising
rural livelihoods. It seemed that a silver bullet
for integrated natural resource-based rural
development had been found®.

As a part of a collaborative three-state study
spanning Karnataka, Maharashtra and Madhya
Pradesh, we sought to firstly assess whether
these programmes had resulted in any last-
ing impacts on the rural landscape and the
water resource, and then to understand the
hydro-agro-socio-economic nature of these
impacts (where visible) and factors shaping
them. A rapid assessment across a large num-
ber of locations indicated that, on an average,
40% of recharge structures, such as check
dams and nala bunds, were already damaged
within the first year of project completion,

and more than half of the structures were no
longer in good condition 3 years after project
completion. And while micro-credit groups set
up in these projects—but de-linked from natu-
ral resource management—continued to func-
tion, watershed committees set up to maintain

9 Joy, KJ., A. Shah, S. Paranjape, S. Badiger and S.
Lele. 2009. Re-visioning the watershed development
programme in India. In: Agricultural development,
rural institutions, and economic policy: essays for
A.Vaidyanathan (eds. Kadekodi, GK, and B. Viswana-
than). Pp.152-175. New Delhi: Oxford University Press.



recharge structures or regulate common land
management were largely dysfunctional.

A detailed assessment of the more success-
ful watershed development programmes—
spread over Bidar, Haveri and Chitradurga dis-
tricts—indicated a more complicated dynamic
that illustrates how such interventions lead

to mixed outcomes. First, structures such as
check dams increased groundwater recharge,
but this only benefitted those farmers who
already owned or dug new borewells or open
wells close to these structures. Thus, the ben-
efits were highly unevenly distributed within
the watershed. Second, even if the structures
were maintained over time, the benefits were
becoming unsustainable because ground-
water pumping was encouraged and unreg-
ulated, resulting in gradual but irreversible
groundwater decline.

This is not to say that the watershed develop-
ment has not worked. We had ourselves docu-
mented the success of this approach in Hivre
Bazar in Maharashtra. In such cases, people
had not built very different structures, but
they had managed to put in place strict reg-
ulations on water-intensive crops and drilling
of borewells. Mechanisms for water sharing
were collectively agreed upon even before
the structures were built and much before the
benefits of these structures started showing
up. Distributional issues were sought to be
addressed through sharing of wells. Where
access to commons was closed off to enable
regeneration, compensatory fodder supply
and changes in livestock management were
promoted. Unfortunately, government-sup-
ported or implemented watershed pro-
grammes lacked both the patience and the
political will to mandate fair water allocation
or regulation of water use in their agenda.

A third dimension of our findings further
underlined how such well-meaning micro-lev-
el interventions, made in the absence of a

full appreciation of larger socio-hydrologi-

cal processes, can have unintended conse-
quences. The micro-watersheds we studied
in Bidar district were part of the catchment
of a medium irrigation tank on the Upper
Mullamari stream, most of which had been
similarly ‘treated’ with watershed develop-
ment interventions. The tank was providing
irrigation water to about 1,000 ha. We asked
whether scaling up watershed development in
the catchment—including not just increased
recharge but also, as mentioned above, in-
creased utilisation—had any implications for
the tank. Our analysis of the tank inflows and
outflows indicated that, during the 18 years
prior to the watershed interventions, the
monsoon runoff into the reservoir was 16% of
the net seasonal rainfall. During this period,
the reservoir filled 10 times, of which it over-
flowed to downstream tanks 7 times. During
the post-intervention periods, the runoff was
14% of the rainfall over a period of 4 years
and the reservoir filled twice but without any
overflows to downstream tanks. Anecdotal
information gathered from discussions with
farmers further confirmed the implication
that large-scale watershed development
upstream had reduced downstream flows.
This is not to say that watershed develop-
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ment has adverse impacts per se, but that it
reapportions surface water flows in favour of
micro-watershed-level users, like the “rob-
bing Peter to pay Paul” analogy. It triggers
rapid expansion in groundwater over-extrac-
tion that can eventually undermine these
gains, which anyway accrue only to those
who already have or can afford to dig new
wells. And local gains—when scaled up—can
have wide spread consequences if prior use of
surface water existed downstream.

SUBTLE ACTIONS, LINKED
HYDROLOGIES AND COMPLEX
OUTCOMES

Conducted in different contexts with differ-
ent methods, collaborators, and even overall
goals, these studies nevertheless have shown
us that understanding of linkages, contexts,
and scales can upset conventional ‘wisdoms’.
First, our hydrological work has showed the
importance of understanding linkages—be-
tween forest cover and infiltration, between
upstream water use and downstream avail-
ability, and between surface and ground
water. Second, the socio-technical context
determines whether the hydrological changes
are positive or negative and for whom: the
same biophysical impact produced by trees or
rainwater harvesting in the upper catchments
has different implications depending upon
whether downstream users harness surface
water or groundwater, what crops they grow,
and how they distribute water. Third, scaling
up of apparent silver bullets—whether all-out
afforestation with fast-growing species, or
indiscriminate construction of check dams—
may lead to both hydrologically inequitable
and socially unsustainable outcomes.

While the era of large dam construction
seems to be drawing to a close, at least in
peninsular India, the last few decades have
seen a shift towards millions of micro-scale
interventions in watersheds, with different
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motivations—greening, soil conservation,
groundwater recharge, agricultural devel-
opment or drought-proofing. But focusing

on techno-fixes with a cursory nod to par-
ticipation will not work in the long run, and
participation will have to be coupled with
self-regulation. For this to work we need a
better understanding of how water moves in
complex ways, how human modifications in
the landscape influences this movement at
multiple scales, and how traditional and mod-
ern socio-technical adaptations or interven-
tions shape and re-shape when, and how, and
to whom, benefits accrue.
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