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Many areas of Karnataka are vulnerable
to drought. Where the average rainfall is
in the region of 500 mm, "water", without
question, is the most valuable resource.
Farmers in these areas perceive a watershed
project as one which increases the
availability of water to them. I t is very
easy for any watershed project to fall
into the trap of being a "developer of new
sources of water" and the project
administrators see the dream of a lush
green Landscape. Unfortunately, such tracts
cannot be transformed into tropical forests.
Projects must be capable of discovering as
to what can be sustained in the long run
without jeopardising the livelihoods of the
future. Underground water reserves are Like
bank accounts which can be thoughtlessly
depleted by the farmer by resorting to heavy
irrigation which can be likened to issuing
a series of cheques without depositing
anything!

The DFID funded KAWAD project in
Karnataka is perhaps the first one in
India which has carried out an audit of
water as a resource in its watersheds.
This "Water Resource Audit", published as
a book has been extremely well received
and has set many policy makers thinking.
This monogram goes over the same issues
yet again but this time, without the burden
of details, which ironically, sometimes
cloud the issues they seek to highlight.
I am sure this monogram would ultimately
get the message of "more crop per drop"
across to all the stake-holders of a wide
range of watersheds in rain-fed areas.

KaushikMukherjee
Executive Director

KAWAD Project

March 5,2001
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resources is to blame. A recent audit of
water resources in three Kamataka
watersheds2, DoddahalLa, Chinnahagari
and Upparahalla, shows that the amount
of water used in each year approximates
the amount replenished by rainfall. The
groundwater 'buffer1 that people normally
relied on in dry periods has disappeared in
many areas, leaving them much less able
to withstand the shock of drought.
At the same time the demand for water is
increasing. Farmers are improving their
livelihoods by cultivating the more

..profitable irrigated crops, whilst the ever
| jn|reasing demand for domestic water in

northeastern Kamataka is predicted to
dfuble in the next 25-30 years.

The effect of this thirst for water on the
[Communities of northeastern Kamataka is
l l . I t is only a matter of time before

| | : | | | g | : areas are visited by catastrophic
i | | | | | | i i |Hts. As farmers collectively chase the

table to the limits of the aquifers, the
t of the communities are literally left

| | | b d . dry. The worst hit will be those
l l i | | ; ( - | | ; | a ; | e ] y afford to purchase water,

"""' Uppces to switch to alternative
| |$ | |£ t the drought recedes,

f l l l l l l ^ in order to survive
!!$§ltl l$P?^ that prolonged



droughts bring with them and, as a result,
fall into debt. The immediate impacts will
be felt by women and children as they are
primarily responsible for collecting water
for cooking, cleaning and washing.

To some extent, such problems can be
addressed by collecting and storing more
rain water and, to these ends, great efforts
have been made by communities to
construct appropriate structures for
harvesting and storing runoff, in some
cases with spectacular success. This
seemingly simple solution has, to some
degree, also influenced governmental
responses to tackling water shortage and its
negative impacts on people's livelihoods.
Governments in many parts of the world
have perceived the development of water
resources as a key constraint to development
and have therefore focused efforts on
increasing the supply of water. In India,
watershed development has consistently
boosted agricultural production; facilitated
the development of village-level institutions
and substantially improved the livelihoods
of some groups. These are considerable
achievements and the approach has enjoyed
not only widespread public and political
support in India but has also served as a
model for other countries.

However, these visible successes have
encouraged an unrealistic expectation of
what watershed development programmes
are able to achieve in dryland areas.
If appropriate water management were
simply a matter of setting up appropriate
village-level institutions and installing
appropriate small-scale structures to capture
runoff, there would be no shortage of water,
regardless of a person's social status,
caste, economic class and so on, nor would
droughts affect people's livelihoods as
much as they do.

Data collected and analysed as part of
the KAWAD water resources audit suggest
that there is very little scope for further
development of water resources, at least in
the three watersheds surveyed. The same is
likely to be true for many other semi-arid
areas. The reality is that watershed
development is not the panacea it is
commonly held to be. Water is simply
not an unlimited resource.

Whilst i t is true that measures can be
taken within a watershed development
programme to increase the amount of water
available, that increase is finite; once the
measures have been implemented, very little
can be done that is economically feasible to
capture more. This booklet sets out to show
some of the positive and less positive
aspects of current approaches to watershed
development and to highlight some of the
options available to address the problems
outlined above. The information comes
mostly from the aforementioned water
resources audit; however the findings and
conclusions have wide relevance to other
semi-arid areas of India.



The study showed also that watershed development
programmes could be promoting a much wider range of
activities and management practices than is currently
the case. If selected, these options wouLd have the
potential of improving the livelihoods of poorer social
groups as welit as making

sustainable^





A sustained increase in the regular
extraction of ground water for irrigation
is the single largest contributor to the
present-day scenario, but several factors
drive this trend.

Wherever resources permit, the farmers'
first step towards improving their livelihoods
is to irrigate their fields. The reason for this
is that the productivity of any crop will
increase if the crop is provided its optimum
requirement of water, but also becaulie
certain crops that require irriga$o.ik:$ti€h.;.;
mulberry, onions, cotton an- J

300-500 per cent more
area than rainfed crops (see
3). Although t a n k - b ^ j
most common method 6
of semi-arid India, i | i ^
irrigation is pumped,::fi|||f;!$|
can afford the::eos||:^i|tin|
and installing pumps (orare a
out loans for such work)
opt to do S0.:::::::H:K;

Farmers used f i refy
or hand-dug welisito supply
irrigation. Around 1990, two
happened which, taken together, radically. ::
changed the way water was used in the area,
with serious implications for the economy of
the region, the divide between rich and poor
and the ability of people living in
northeastern Karnataka to withstand the
potentially disastrous effects of drought.
These were: first, that the type of well
favoured by farmers changed from shallow or
open wells to deep borewells and, secondly,
those farmers able to drill deep borewells
began to do so in earnest. The rate of
construction of deep borewells began to rise
sharply, as did the use of submersible pumps.
So, not only did the number of wells
multiply, but the volume of water extracted
per well also increased.
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Figure 1. Well construction in the Chinnahagari Watershed
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Figure 2. Net revenue of ralnfed crops
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Figure 3. Net revenues of irrigated crops per unit area
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These changes in rates of ground water
extraction and the type of well constructed
are due in part to various incentives,
such as:

government provision of grants that wholly
or partly fund the construction of wells;

provision of free electricity for pumping
ground water for irrigation using pumps of
less than 5 HP and electricity at a nominal
annual fee for larger pumps;

the relative reduction In cost of constructing
borewells as a result of new drilling rigs and
competition between contractors offering
drilling services;

electrification of villages and the availability
of submersible pumps, which permit the
extraction of water from greater depths than
is possible with pumps located at the ground
surface.

Prior to 1990, the largest number of
wells constructed in Chinnahagari watershed
in a single year was seven; the average for
1909 to 1989 was two new wells constructed
every three years. After 1989, however,
the rate of construction changed radically;
in 1994 alone, 21 deep borewells were
drilled in the Chinnahagari watershed
(see Figure 1).

Largely as a result of these changes,
the intensity of ground water extraction
has significantly lowered the water table.
In many hard rock areas, the water table is
now too low for the shallow aquifer to
re-establish in all but the wettest years.
As a consequence shallow or open wells are
almost permanently dry and farmers living in
areas where neighbours have drilled deep
borewells have found that their shallow
wells have become unreliable or rendered
defunct. They presently have no choice but
to construct their own deep borewells in
order to reclaim a share of the ground water
resource. This, in turn, drives the process
quicker and further to establish a vicious
circle; the more deep borewells are drilled,
the more water used, the lower the water
table recedes, the more shallow and deep
wells fail, the more farmers drill deeper or
additional borewells and so on.

People living in semi-arid areas are, of
course, no strangers to drought. Not only is
the amount of rainfall highly unpredictable,
but the climatic conditions are such that
more of i t evaporates away than would be
the case in more temperate regions. People
in northeastern Karnataka generally believe
that, in every decade, there will be five
droughts of differing severity; two of these
will be moderate, two will be severe and
one will be catastrophic.

In the extreme, drought preparedness
can therefore mean the difference between
life and death. In general, lack of drought
preparedness is a major cause of poverty.
For many people, drought has a major
impact on their livelihoods. It is a simple
fact that the shock of droughts and other
natural disasters has a relatively greater and
a longer impact on the livelihoods of the
poor. Having sufficient reserves of ground
water is the only long-term way in which
people living in semi-arid or arid areas can
protect themselves against drought. In
theory, these reserves should be large
enough to meet basic human and livestock
needs for a period of at least 18 months so
that communities can survive a year in
which groundwater recharge is insignificant.
However, in practice, the potential amount





of ground water available varies according
to the geology of the area and the pattern
and intensity of groundwater extraction.
Secondly, extraction of ground water for
irrigation has reached such intensity that
the ground water buffer has all but
disappeared. Whilst the first factor is
environmental and cannot be changed by
the actions of people living in the area,
the second is very much within human
control.

Just as the rains can be shortlived,
they can also be torrential. The challenge
for people living in these areas therefore,
is how to adapt their agriculture to cope
both with low rainfall as well as to make the
best possible use of rain when it does fall
abundantly. I t should be noted also that
floods in dryland areas can cause major
shocks to livelihoods by destroying crops,
houses and infrastructure. Again awareness
and preparedness are crucial.
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Figure 4. Deviation in annual rainfall from the long- term mean
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(Figure 4) Rainfall in the three KAWAD project watersheds, although seasonal In nature, Is
unpredictable during the rainy season. This graph shows how each year's rainfall differed from
the average over a period of 42 years. The horizontal line running across the middle of this graph,
at point zero on the vertical axis, represents the average rainfall that KAWAD project areas had
between 1956 and 1998. The coloured bars show how much the actual rainfall in any given year
deviated from the average. The actual rainfall was within 25mm of the average for only 11 of the
42 years. For 24 of the 42 years, actual rainfall exceeded or fell short of the average by more
than 100mm.

Figure 5. Monthly mean rainfall and Penman potential evaporation
(ETp) for ESellary. Source: FAO CUMWAT
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(figure 5 ) On average, there is no month during the year when the amount of rain falling
on the land is more than the amount that potentially can evaporate from It To fulfil their
maximum growth potential, crop* need an optimum amount of water to be available at all times.
The widely fluctuating levels of soil moisture available to plant roots prevent crops from
achieving their growth potential.
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There are two main ways of meeting
the challenge: increase the amount of
available water, or reduce the demand for it.
To date, much more effort has been made
by government and the private sector to
improve the supply side of this equation by
constructing new wells, by de-silting tanks,
by building dams or canals to transfer water
from one basin to another, by harvesting
rainfall, and so on. However, a much wider
range of policies and actions could be
adopted, particularly on the demand side
of the equation.

Policies for promoting more efficient use of water (After Wlnpenny, 1994)

!yy^^^^^^^vvvV"i^'iV'iV"iV'ivvv*iv^*!Vf^v^^^'|!*''|!VV''VV''VV'|''|'V'1'''"'"'1

1. Enabling conditions Institutional and lagalchangea
Macro-economic and sactoralpoHcy changes

Demand management
Aiws use of water and/or electricity tariffs

Su^ce wator markits .. ';.&;*?

Restrictions and/or zoning " ••
Quote; norms, licenses
E ^ f ^ b n s i public information

Whilst there are incentives to exploit
ground water there are no incentives for
people with access to large volumes of

l l lwater to conserve water or to use i t more
efficiently and productively. This applies
tqth to agricultural and domestic use.
Wj|er is used efficiently only when farmers

i ;iIfpfiouseholds have access to limited
; ; : | | | i | i in ts of water, when they have to put
l l l lps iderable effort into fetching and

it. Interestingly in the case of
water use, water is often used

| l tpeh t l y only once i t has been carried
from the water point to the house. Large
amounts of water are often wasted around
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the water point itself. This suggests that
very little value is put on the commodity.

For all three watersheds for which data
have been analysed, on average, evaporation
accounts for around 95 per cent of the
water balance, with average run-off from
these watersheds amounting to only
5 per cent and 2 per cent of rainfaLl for the
watersheds that are underlain by Deccan
basalt and crystalline basement geologies
respectively. Hence, the fate of around
95 per cent of rainfall is evaporation either
from water bodies, from vegetation or from
bare soil or rock.

So far, the greatest efforts of the
watershed development programme have
been made in reducing runoff and increasing
storage by constructing additional soil and
water harvesting structures (e.g. gully
checks, gully plugs and nala bunds etc. Tree
planting and improving certain agronomic
practices have also been promoted as a
means of reducing the amount of rainfall
lost to runoff.

The ratipnale behind these measures is :.;
that»;j.|!Sl;|jiBfifig|i:;,rainfallis 0 ^

l l k the j

water for domestic and economic purposes.
However, the story is not as straightforward
as it is often made out to be. The success of
the current approach depends crucially on
two factors:

1. The demand for water is less than the supply.
2. Appreciable quantities of water are being lost

as runoff.

For the KAWAD project area, however,
neither of these factors apply.

In the three watersheds studied, on
average, the amount of groundwater
extracted each year for domestic and
farming uses is roughly the same as
the amount of water being replenished
through groundwater recharge. Demand
for water, however, continues to rise as
irrigation increases and the aquifers in the
three watersheds continue to be depleted.
There is no evidence that the trend for
drilling deep borewells is slowing, nqr is
there currently any suggsSt&jn fchiat the

Doddahalla

Upparahalla

Chinnahagarl
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Water for drinking, sanitation and
livestock is met by pumping groundwater
either by hand or by electrically operated
submersible pumps. In years of normal
rainfall, the current demand for water for
domestic and livestock use in Upparahalla
and Chinnahagari watersheds is 9-12 per
cent of the ground water recharge, already
a fairly high proportion. By 2030, this is
estimated to rise to 19-23 per cent.

The drive to build rainfall-harvesting
structures is partly fuelled by a widespread
misconception that runoff accounts for
about 30 per cent of annual rainfall.
However, data from Central Water
Commission gauging stations indicate
that there is far less runoff available for
harvesting in the Doddahalla and
Chinnahagari watersheds. The average
annual percentage runoff for Doddahalla and
Chinnahagari rivers, for 1985-1995, was
5.9 per cent and 1.8 per cent respectively.

These very low figures are probably
less surprising given the low rainfall,
well-drained soils of Chinnahagari
and Upparahalla and the existence
of large numbers of runoff-harvesting
structures.

Tanks that are still capable of storing
water help to reduce the amount of runoff
reaching rivers. Although tanks are still used
for activities such as fish farming and
watering livestock, the majority of tanks
are no longer used directly as sources of
irrigation water. I t is often the case that
de-silting tanks is one of the package of

measures implemented to increase the
capture of surface water, the assumption
being that runoff is available to replenish
the tanks. However, in areas where the
groundwater table is no longer high enough
to allow streams to flow perennially, inflows
into tanks have decreased.

Given the effort already expended, there
is little scope for increasing water supply by
further development of the resource and
attention must focus on the 'demand' side of
the equation. The stark truth is that unless
steps are taken soon to re-establish the
ground water reserves in areas close to
villages, there will be a catastrophic drought
in the KAWAD project areas. Given the
similarity in the hydrogeology of the rest of
northeastern Karnataka and Western Andhra
Pradesh, the poorest people living in these
areas cannot expect to see long-term
improvements in their livelihoods unless
this problem is tackled.

The good news is that the situation is
not hopeless. There is much that can be
done to ensure the sustainability of
adequate supplies of water for domestic and
livestock use, and the equitabLe exploitation
of the surplus. In order to achieve this,
however, hard political decisions must be
taken and awareness of the true nature of
water resource challenges needs to be
enhanced at all levels. I t is also clear that
institutions and organisations that have
been involved in watershed development
have the capacity to promote and initiate
the changes that are needed, in particular,
at the village level.
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As we have seen, there is very little
scope for further development of water
resources in the three watersheds studied.
It is certainly the case that trends of water
availability and patterns of use are
sufficiently complex to prohibit the blanket
prescription or 'off-the-shelf packages' of
measures for watershed development.
'Quick fixes' ignore the stark reality that,
on a watershed scale, less than 2 per cent
of runoff is available for capture. This
matter of 'scale' is crucially important to
appropriate management.

At the scale of one village, clusters of
villages, or perhaps even slightly larger
units, community-led initiatives for small-
scale water development may yield the
desired results; one or more villages may
benefit
but only at the expense of other villages.
Success at the micro level certainly does not
necessarily predict success at a watershed
level or at larger scale.

In the light of this and other findings
of the Water Resources Audit, KAWAD should
shift its focus to appropriate management
of water resources of the three watersheds
for which i t is responsible. By extension,
the same is likely to be true for other
semi-arid areas with similar hydrogeological
characteristics. Whilst the logic behind this
shift in focus may be appreciated, i t is much
more challenging to find acceptable
management;;s,p..lutions. It is instructive to
consider t i
the KAWA0:!;
the three
broader r>
areas

'Lessons'for KAWAD
The resutte of ths Wster Rssoweas AusSi dearly
show that KAWAD sf

of options identified by
esources Audit for

and then to turn to
ns for semi-arid



Below are some of the more common
misconceptions about groundwater,
runoff and crop water use. Subscription
to myths such as these can Lead to poor
decision-making and wastage of human
and financial resources.

underiaiibpafdrbcka^lfera, stmdures such as check d

localised impacts on the water table an

contain groundwater. I
and test
frartures In ^ ^ s such as granites or tasate-Gr^r^

s. In areas

betew.VVhen it reaches the water-table and joins the aquifer, it begins a slow underground
journey, typically at rates ranging from a few rflllllm
EventuaJry It finds outlets, such as riverbeds, wetland seepages, natural springs etc. Drawing
groundwater from wells can have a big impact on groundwater regimes and availability.

e, the speed and djrecti
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to tanks aw|gpf(ffcantly r^>|<§||§||§^

PLANTING TREES INCREA|
LOCAL RAINFALL AND Rill

sniall on local

iliiliiiliill
llllilllilliii

areas as compar^yy^h those under sfiprter

; :;;; RAINFALL HAS DECREASED
•" f IN RECENT YEARS

^ J ^

^whfespraad rapfflflngita the coretiwy.
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WATER USE OF CROPS DEPENDS
;,,. MAINLY ON CROP TYPE

related to the

some crops as compared to otftm- The reatttytettat, assuming that a crop is well
supplied with wat»r; |

I AQUIFERS ONCE
| 1 | DEPLETED STAY DEPLETED

in most cases, aquifer* can fjijreestablistied or
repfenished as long as the balance between ; ; ; ;
recharge and extraction is swung towards
recharge. This can oc^ras a result of higher
than average rainfall or a reduction in groundwater
extractjbri. There Is nothing inherent iwrohg In
extracting groundwater. So Jong as supplies of

^waiter for domestic use and wildlife
erfor

Moreover, there te some evidence to suggest that

for the tong-term 'productivity' iof aquifers.: • •;; :

: For example, in certain areas of the watersheds ;
surveyed, tt appears that Inrceased extraction of
groundwater has actually led to an inerease in

extraction has a dfrect Influence on the potential
storage volume of th« aquifer, partlcuiarty at the
begiinlng of the rainy season.
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