Measuring the Margina Vaue of Water
and Elasticity of Demand for Water
In Agriculture

Data from a survey of groundwater sales between farmers in the upper
Papagni watershed in Andhra Pradesh and Karnataka suggests that raising
the marginal price of electricity to somewhere near its true cost could substantially
mitigate the problem of over-extraction of groundwater. This is a pilot study from a
small area, so that results call for larger surveys to more reliably estimate water
demand curves. Larger surveys would also enable us to examine additional issues like how
efficient is water allocation in surface irrigation systems; do marginal water values
vary much more between river basins than within river basins; if not, then the
rationale for inter-basin transfers becomes less compelling.

E SoMANATHAN, R RAVINDRANATH

|
Introduction

hy do water prices and demand elasticities matter?

There are several reasons. First, there is some contro-

versy over theefficiency of all ocation of water in canal
irrigation systems. While there is a large literature [Chambers
1989; Wade 1988; Shah 1993; V aidyanathan 1999 are prominent
examples] suggesting that allocation is inefficient and agricul-
tural productivity could be improved through better distribution
intheexisting canal systems, thisclaim hasnever been quantified.
Without such quantification, it isimpossible to know how much
of a gain agriculture could expect from improved water distri-
bution. In the absence of knowledge of margina water values
(and demand elasticities), however, we cannot tell how much
scope there is to improve productivity through reallocation.

A second, related, reason is the consideration of new invest-
ments in water distribution, such as the Indian river-linking
project. Without knowledge of marginal water valuesin different
basins, we cannot get a good estimate of the benefits of inter-
basin transfers. It is possible that marginal water values vary a
lot within basins so that improvements in the intra-basin distri-
bution may yield considerable increases in agricultural produc-
tivity at a (presumably) lower cost than the transfer of water
between basins.

A third reason relatesto the overextraction of groundwater that
isperceived to beaseriousproblemin several regions. Theextent
towhich thiscould be mitigated by moving to asystem of pricing
electricity at the margin rather than by pump-capacity depends
on how responsivewater demand will beto theresultingincrease
in the cost of water.

While there is now alarge literature on water prices in India
obtained from dataon groundwater transactions between farmers
(surveyed by [Mukherji 2004]), to the best of our knowledge, this
is the first study in India to attempt to measure the prices per
cubic metreof water. Theliteraturelargely reportspricesinterms
of farmers’ measureswhich are either in terms of rupees per hour
of water pumped, or in terms of rupees per acre of land irrigated
in a cropping season. It has focused on the price-cost margin
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in order to throw light on the extent to which the water market
is non-competitive.

For determining how much of a potential gain exists from
improving water allocation, however, we need water val ues that
are comparable, and therefore, must be in the same units, that
is, water volumes. The difficulty in doing this is that farmers
themselves usually have no reason to measure such volumes.

We conducted a survey carried out by the Foundation for
Ecological Security’ s staff in the upper Papagni watershed in the
Kolar district of Karnataka and the adjoining Chittoor and
Ananthpur districts of Andhra Pradesh. The pump ownersinthis
area sometimes supply water to other farmers' fields in return
for a share of the profit from the watered crop. Our estimates
of water volumes delivered to crops are based on farmers
responses to questions on the frequency of watering, the depth
of watering and the area watered. Because these are rough
estimates and because of variable seepage, the actual volumes
of water delivered may be measured with considerable error.
Therefore, prices, measured as the seller’s profit share divided
by the volume of water delivered, may also contain considerable
measurement error.

We address this issue by using the seller’s water use during
the buyer’ s growing season as an instrument for the water price.
Since the seller’s water use does not appear in the calculation
of the water price, errors in measuring it will not be reflected
inmeasurement errorsinthewater price. Usingthisinstrument we
obtai napoint estimateof theown-priceel asticity of water demand
(conditional on soil type and taluk), of -1.03 with a p value of
0.082. This elasticity of -1 means that a doubling of the price
of water would lead to a halving of the quantity demanded.

Il
The Survey

The survey was carried out in October to December 2004 and
the data pertain mostly to crops grown in the year preceding the
survey athough some data on the two preceding years were al so
obtained. The survey was carried out in the upper Papagni
catchmentinthetal ukasof Srinivaspur, Siddlaghattaand Bagepalli
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inKolar districtinKarnatakaandinthemandal sof Peddamandyam
and Thamballapallein Chittoor districtand N PKuntain Ananthpur
district of Andhra Pradesh. The Papagni is a tributary of the
Pennar and now has flowing water for only a few days in the
year. Farmers say that it used to have water in it for eight months
of the year. The reduction in dry season flows is probably due
to a combination of deforestation, reducing percolation and
groundwater withdrawal reducing stream recharge. The region
isquitedry with an annual rainfall of 500 mm to 800 mm. While
tank irrigation is common, tanks are now used mainly as per-
colation ponds to recharge borewells. Groundnut, maize, jowar
andragi arerain-fed cropswhiletheirrigated cropsinclude paddy,
sugar cane, tomato, other vegetables, flowers, and mulberry.

The survey was conducted in six talukas/mandals in the basin
in which the Foundation for Ecological Security has a presence.
In each taluka/mandal, five hamlets were randomly chosen from
among those in which the Foundation was aready engaged in
watershed devel opment, tree planting and other activities. Ineach
hamlet, acompletelist of wellswas made. All suppliers of water
to other farmers were surveyed and so were al the recipients
of water. In each hamlet, additional farmers who owned wells
were surveyed so as to take the total number of pump owners
surveyed in each hamlet up to five, where this was possible.

It turned out that there were no water sales on the Andhra
Pradesh side of the border, so our demand estimates are based
only on the data from Karnataka. It is not clear why there were
no water sales on the Andhra side of the border. The joint
ownership of pumps makes it less likely that there will be any
surpluswater that can be sold. In Karnataka, 21 per cent of pumps
in the surveyed hamlets had more than one owner, while in
Andhra 32 per cent had. Although the joint ownership of pumps
is more frequent in Andhra, since more than two-thirds of the
wellshavesingleowners, thisfact al oneisnot sufficienttoexplain
why there were no water sales in Andhra.

1]
Value of Water

Table 1 presents summary statistics on the data used in the
computation of water prices and estimation of the demand curve.

The quantity supplied to the buyer is computed as the product
of the area watered, the number of weeks of watering, the depth
of watering and the weekly frequency of watering. The price is
computed as rupees paid to the seller divided by the quantity
of water supplied. Sellers get one quarter, one-third, or one-half
of profits from the buyer’s crop.

We see from Table 1 that the mean price observed is Re 0.58
per cubic metre of water supplied. The variance is quite high
with realised prices ranging from 0 to Rs 1.78 per cubic metre.
We notethat since profitsare uncertain, and on occasion are zero
or negative, the seller may receive a zero price for water. The
table does not show zero prices (only one was observed) since
we used only positive pricesin estimating the elasticity, the log
of a zero price not being defined.l The uncertainty in realised
profits means that realised prices can be expected to be quite
variable, even if there were no measurement error in volumes.

Weused asecond method to estimatethe averageval ue of water
that usesthedifferencein pricesbetweenirrigated and unirrigated
land. We asked the villagersin the surveyed hamletsin the study
area the prices for irrigated and unirrigated land for each soil
type in their village. Using these data, we regressed the price
of land on dummy variables for irrigation and soil type and thus
estimated themean valueof irrigationto be Rs65,424 per hectare.
Dividing this by the average interest rate from the survey of 18
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per cent, we obtain the annual value added per hectare by
irrigationtobeRs11,776. Dividing thisby the mean annual water
use on irrigated land, we obtain the average value of water to
be Re 0.31 per cubic metre. This is about three-fourths of a
standard deviation less than the mean price of water obtained
directly from the water sale data (Table 1).

Risk aversion on the part of buyers of land would lead to land
prices underestimating the average annua return from land.
Furthermore, past water suppliesto theirrigated lands arelikely
to be overestimated future water supplies in a context in which
aquifers are being depleted. Thus this method islikely to under-
estimate the average value of water. Thus, the fact that it is
somewhat smaller thanthemean marginal valueasestimated from
the water sdle data is to be expected.

By way of comparison, Chowdhury (not dated) reports mar-
gina water values of Re 0.09to 0.68 per cubic metrefor different
regions in Bangladesh and cites a study in northwestern India
giving avalue of Re 0.90 per cubic metre. Shaw (2005) reports
marginal water values in agriculture in the US from various
studiesranging from Re0.29to Rsto4.27 per cubic metrewith most
prices being less than Re 1 per cubic metre. All these estimates
arebased on estimating crop production functions, not fromwater
trades. We are not aware of any other price estimatesin India.

v
Estimating a Demand Curve for Water

In our sample, nine out of 21 sellers sell to only one buyer,
whileothers sell to two, three or four buyers. Wefirst discuss the
caseof bilateral bargaining betweenaseller andasinglebuyer, and
then deal withthecaseof multiplebuyersby anal ogy. Suppose the
total water availableisw of which the seller uses s and the buyer
uses b cubic metres. Conversations with pump-owning farmers
during the survey indicated that they pumped all the water
possible, being limited either by the quantity of water or the
electricity supply. They usualy storeit in collection ponds. Thus
s+ b=w

Suppose profits of the seller and buyer, as functions of water
use are respectively, f(s) and g (b). Thus their fallback profits,
(the profits they would get if there were no water transfer from
seller to buyer), are f(w) and g(0), for the seller and buyer,
respectively. Thusthesurplusprofit resulting fromthetransaction
isf(s)+ g(b) —[ f(w) + g(0)] (thetriangular areadenoted “ Surplus’
in the Figure). Applying the Nash bargaining solution, we sup-
pose that the amount paid to the seller is such that it resultsin
their splitting this surplus equally. By using the Nash solution,
weassumethat efficient water useisachieved sothattheseller’ s and
buyer’ smarginal valuationsfor water are equalised: f' (s) = g’ (b).
We have no guarantee that the price per cubic metre of water
equals this common marginal valuation. But we do know that

Table 1: Summary Statistics

Variable Description Obs Mean StdDev Min Max
P Price (Rs/m3) 43 0.58 038 .06 1.78
Q Quantity (m?3) 43 4400 3511 617 17282
Q_tot Total quantity (m®) 43 16000 12920 1851 46908
Land quality 1=poor, 3=good 43 2.35 0.72 1 3
Soil type (omitted
category) Nallaregadi
Soil type 2 dummy  Yerra 43 0.40 0.49 0 1
Soil type 4 dummy  Yerragurja 43 0.12 0.32 0 1
Soil type 5 dummy  Tellaburja 43  0.23 0.43 0 1
Soil type 6 dummy  Chouda 43  0.02 0.15 0 1
Soil type 7 dummy  Other 43 0.02 0.15 0 1
b_hectares Buyer’s crop area 43 0.25 0.11 0.07 041
Growing weeks Buyer growing time 43 16.9 10.1 8 64
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Figure 1: Surplus Profit Resulting from Water Transactions
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this price must lie between the seller’s average margina vaue
in the range from s to w (because this is what the seller forgoes
per cubic metreintransferringwater tothebuyer), andthebuyer’s
average marginal value in the range from 0 to b, (because this
is what the buyer gains from the water transfer). Since the
margina valuations must be decreasing, otherwise there would
not be a gain from a water transfer; we know that the marginal
value of water for the buyer, which is the quantity of interest,
must also be within this range. Thus the Nash bargaining price
per cubic metre may not be exactly equal to the marginal value
of water but it must be within some band around it. It is aso
easily seen that changes in the total supply of water w will shift
both the Nash bargaining price and the buyer’s marginal value
in the same direction.

When there is more than one buyer, we may expect the price
per cubic metre that the seller receives to be higher since his
bargaining position vis-a-vis any one buyer is stronger because
his fallback position is no longer to use al the water himself
but to sell it to the other buyer. However, it will still be true
that the price per cubic metre must lie within the same limits
as must the buyers' common marginal valuation and that these
limits and the common marginal valuation will movein the same
direction with changes in the total supply of water.

With this understanding that the observed prices are not
necessarily strictly equal to the buyers' margina valuations, but
are within some band around them, we now proceed to
estimate the “demand curve’. To do this, we use the fact that the
total amount of water used by both buyer and seller islimited by
availability and not by demand. Thus we may assume that it is
exogenous to the price with the price being determined as a
function of thetotal supply. Hence, weusetwo-stageleast squares
to estimate the log of quantity used by the buyer as a linear
function of thelog of the price with the log of total water supply
as an instrument for the price. We use soil type, soil quality and
taluk dummies as controls to capture demand-side factors.

The estimated price elasticity of demand is shown in the first
column of Table 2. It is-0.80, and significant at the 1 per cent
level. However, we note that the problem of measurement error
leading to aspurious negativerel ation between quantity and price
may be quite severe for this estimate. For several observations,
the quantity used by the seller is zero, so that the total quantity
used equalsthe quantity used by the buyer. Hence we drop those
observations for which the quantity used by the seller is zero.
The estimated elasticity of -1.08, reported in the second column
of Table 2, is still significant at the 1 per cent level.
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However, even thisestimate may be contaminated by measure-
ment error because of the buyer’s water use being a component
of the total water use. Therefore, we use the owner’s water use
as an instrument instead of using total water use. The estimated
elagticity of -1.03, reported in the third column of Table 2, is
significant at the 10 per cent level (p = 0.082). We note that the
p-value from the first-stage regression is quite high at 0.18. This
means that an estimate of elasticity may be biased, especially
given the small sample size. This problem will not carry over
to large sample surveys.

The second problem with using the owner’s water use as an
instrument, however, isthat it is not exogenous, unlike the total
water use. Increases in the buyer’s demand for water will raise
the marginal value of water, inducing the seller to useless. Thus
the price variation used in this estimate comes partly from the
demand side, causing the buyer’ squantity to vary positively with
the price. Therefore, thisis likely to be an underestimate of the
elagticity of demand. This problem is unrelated to sample size.
Removing this bias will require the use of better instruments for
the price. However, this problem may not be too great since we
control for soil quality, whichislikely to be amajor determinant
of the buyer’s demand. Moreover, we can at least get a lower
bound for the price-elasticity.

Vv
Impact of Per-Unit Pricing of Electricity

With this information in hand, we can make some rough
calculations about the efficiency of energy use and the impact
that per-unit pricing of electricity would have on groundwater
use in the short run. The short run refers to the period in which
only theexistingwellsand pumpscontinuetobeused, sothat their
costs can be taken as sunk. As we will see below, the long-run
impact of per-unit pricing of power is likely to be much greater.

Sincetheel asticity of demandfor water isabout -1, adoubling of
themarginal cost of water wouldresultinahalvingof water use in
theshort run. However, thisisonly truewhenthemarginal cost is
highenoughastoequal or exceedthecurrentmarginal value of water.

When the cost of electricity is ¢ R¥kWh, and the depth of
water is d metres, then the cost of pumping water to the surface
is cd/360 Rs/md. Table 3 shows that the average margina costs
of pumping from the sample wells were 17, 34 and 51 paise per
cubic metre at electricity prices of Re 1, Rs 2 and Rs 3/kWh
respectively, and given average water depth of 62 metres.

Using the formula, we find that at Re 1/kWh, in about 15 per
cent of the casesthe cost of pumping water will exceed its price.
At Rs 2/kWh, the cost of pumping exceeds the price of water
in about 30 per cent of cases, and at Rs 3/kWh the cost of
pumping exceedsthe price of water in about 54 per cent of cases.

Table 2: Price Elasticity of Demand for Water

Log Water Quantity (2SLS)
Total Total Water Use Owner's
Water Use (Owner’s Water Use +ve) Water Use

Instrument for Price

p-value of instrument

in first stage 0.003 0.048 0.182
Ln price -0.80*** -1.08*** -1.03*

(0.25) (0.36) (0.55)
N (number of sales) 56 40 40
Number of sellers 20 15 15
R2 0.58 0.66 0.68

Notes: Robust standard errors in parentheses are clustered by the seller.
*and *** denote significance atthe 10 and 1 per centlevels respectively.
Control variables not shown include land quality, soil type dummies and
taluk dummies.
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At Rs 3/kWh, the cost of pumping would be more than double
themargina value of water in about aquarter of the cases. Given
ademand €elasticity of about -1, this would mean that water use
would decline by more than a half in a quarter of the cases and
by less than a half in another quarter of the cases. Thus, it is
clear that pricing electricity at or near its actual cost per kWh
is likely to result in a substantial decline in pumping and water
use, even in the short run, but this decline would probably be
less than 50 per cent.

To examine the long-run impact of marginal-cost pricing of
electricity, we need to take into account decisions to sink new
wells and buy new pumps or to incur fixed costs of deepening
existing wells. Farmers will make these investments only if the
expected value of the annual flow of water from such an invest-
ment exceeds the annualised cost of the investment. Table 3
includes some descriptive statistics on costs using data from all
sampled pump owners from both states.?

It is clear that the expected cost of pumping of Rs 1.64 per
cubic metreishigher than theaverage price of Re 0.58/cu mfrom
the sample of buyers. However, we note that the expected cost
is much higher than the median cost (not reported in the table)
of Re 0.65 per cubic metre. Furthermore, the price from the data
onsalesislikely to becloseto the marginal value of water, while
its average value is likely to be higher than its marginal value
for each pump owner. Therefore, we cannot immediately con-
clude that on average, the investments in wells have been loss-
making propositions.

We can directly compare average costs with prices for those
pump owners who were aso sellers. We find that of 20 water
sellers, only eight of them (40 per cent) had average prices above
the average cost. When we consider what their costs would have
been if electricity cost Re 1/kWh, we find that only six of them
would have had prices above the average cost. If electricity cost
Rs 2 or Rs 3/kWh, then only four (20 per cent) of them would
have had prices above the average cost. Therefore, while the
sample is small, it suggests that investment in wells and pumps
is dready at best only marginally profitable, so that pricing
electricity close to its real cost would result in a large decline
in the groundwater extraction in this region in the long run.

A sceptic may question the relevance of this exercise sincein
the last few years al attempts at unit pricing of electricity for
farmershavefailed. Itisbeyond the scope of thispaper to address
the feasibility of changing the pricing scheme. Nevertheless it
isworthpointingoutthat all attemptsat institutingsuchpricing have
so far been motivated by budgetary concerns, and as such, have
sought to lower farmers’ welfare. A reform motivated by effi-
ciency considerations would provide the budgetary support to
farmersthrough cash paymentsrather thanelectricity, thusinducing
them to use it more efficiently while not making them worse off.

Table 3: Descriptive Statistics of Costs

Variable Obs Mean Std Dev  Min Max
Installation cost of well and pump (Rs) 130 79700 55100 14000 360000
Annual variable cost (Rs/year) 130 2500 3700 0 20000
Annual interest cost (Rs/year) 130 14000 10300 1776 61320
Annual depreciation (Rs/year) 130 7970 5500 1400 36000
Total annual cost (Rs/year) 130 24500 16300 4055 98820
Water used (cu m/year) 129 44000 40000 823 235367
Area irrigated (hectares) 129 1.32 0.92 0.10 4.86
Annual cost per cu m (Rs/cu m/yr) 119 1.64 3.05 0.025 21.87
Annual cost per irrigated hectare 119 29100 48750 1246 492060
Marginal cost (Rs/cu m) at Re 1/kWh 118 0.17 0.08 0.01 0.51
Marginal cost (Rs/cu m) at Rs 2/kWh 118 0.34 0.17 0.03 1.02
Marginal cost (Rs/cu m) at Rs 3/kWh 118 0.51 0.25 0.04 1.52
Water depth in well (m) 118 62 30 5 183
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Conclusions

Wefind anaverage price of Re0.58 per cubic metreof water with
alarge standard deviation of 0.38. Thisis estimated directly from
data on sales of water by pump-owning farmers to other farmers.
Wealsoused dataon pricesof irrigated and unirrigated land together
with data on interest rates and water use per hectare of irrigated
land to estimate the value of water by an alternative method. This
gavean average val ue of water of Re0.31 per cubic metrebased on
apricedifferential between unirrigated and irrigated land of about
Rs 65,000, aninterest rate of 18 per cent per annum, and an average
water use of 38,000 cubic metres per year onirrigated land.

Our estimates of the elasticity of demand are about -1, though
itisnecessary to keep in mind that the standard deviations of the
estimatesarefairly large. Cal culating water pricesper unitvolume
allowsusto estimate the effect that per-unit pricing of electricity
islikely tohaveif itisinstituted. Wefindthat thisislikely to result
in alarge declinein groundwater use. However, due to the small
sample size, these results should be seen as indicative, not
definitive.

This suggests that larger surveysto obtain better estimates are
likely to attain interesting results. This study should be seen
primarily as a pilot study that shows that it is, indeed, feasible
to obtain comparable measures of water pricesand water demand
elagticities. Such comparable measures can be used to examine
theefficiency of water allocationinirrigation systemswithin and
acrosstheriver basins. They will beanimportant input for studies
that seek to examine the gains from improved water allocation
and management. 7]
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Notes

[We are grateful to the Foundation for Ecological Security, especialy the
teamsin Chintamani and Madanapal le, for conducting the survey and bearing
al related expenses. Somanathan is grateful to the Planning and Policy
Research Unit of the Indian Statistical Institutefor financial support for travel,
software, and research assi stance. Wethank SharmisthaSinhaand Kim L ehrer
for research assistance]

1 Actualy, in Table 1 we have used only the observations that were used
in estimating the demand curve with our preferred specification. When
all 61 observations are used, the average price goes up by about
10 paise per cubic metre and the variance increases to 61 paise per cubic
metre.

2 The costs are comparable to those reported by Narendranath et a (2005).
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