Agricultural Sciences, 3(2), 1-5 (1998)
21998 Sultan Qaboos University

Cost Structure of Irrigation Water in the
Sultanate of Oman

L. Zaibet

Department of Agricultural Economics and Rural Studies, College of Agriculture,
Sultan Qaboos University, P.O. Box 34, Al Khod 123, Sultanate of Oman

Clas ddlalu A o)) alual ARSI ZligSa

sl -

A W) e e %08 E e ST il Ll Cua 50 e Ll Talae

e ikl b el 3l added : addal

5 Ui 13 a e algall 304 o Sy 8 iy AdG Ay e 13 | jeaie 5 oba S 0e! ARL Sl 0 )

o dliatia 5_‘1_’1...&_' *'!_’).I.Il n|+n En._l.-: dilgl dlalas _"a\_.'n_’_&_g n:u:i i_J_,Slq.I' fﬂ"«_u'ﬂ_'}."l." LJJLL.—;H.-.I_P;“_" 2l ;:J
aje CBa ] e " =3 H [ | I P Py | | il o i - _.,.'_':_3 1}
QI s LS . g oo 0 g e pimny PlaY ALy ey e ) 00 EE! 2

.i-.i.‘-__;._';.m"rsa_aﬂ_julﬂJﬂ;‘,SJE'_'.ﬁ'ALﬂ;y;ﬁ_uJuLaﬂ_,ﬂ.hu_ O ey

ABSTRACT: Agriculture in the Sultanate of Oman depends mostly on irrigation and consumes more than 94% of the
national water resources. Previous studies have regarded water supply as perfectly elastic and consequently have
concentrated on water menagement issucs. This study refaxes the above hypothesis and constructs a separate cost function
for irrigation water.  Substitutability among capital, labor and energy in the production of irrigation water was
investipated. Results show substitution possibality between labor and energy and reveal the existence of increasing returns

to scale in water production.

Tradit':ona[!y, irrigation water was treated as a simple
exogenous input that combines with other
conventional inputs to produce a final agricultural
output. Production functions for irrigated crops are
given in relation to the quantity of water applied (Grimm
et al., 1987) and may include physical fearures of
irrigation systems into irrigation choice models (Caswell
and Zilberman, 1985; Moore er al, 1991). The
assumption underlying these studies is that irrigation
water supply is perfectly elastic. In this case, the
production function for a particular crop would only
assume nonjointmess in inputs (Kohli, 1983; Chambers,
1991).

A key issue, however, arises when water is
produced on the farm by pumping from a well. In this
case, water is no longer exogenous, rather it needs to be
treated as an endogenous, intermediate input.  Like
other intermediate goods and specialized inputs,
irrigation water is produced with a high initial fixed cost
and a low marginal cost, i.e., with increasing returns to
scale (Markusen, 1989). A cost structure embaodying
increasing returns to scale implies a cost advantage to
large farms over smaller sized farms.

In the Sultanate of Oman almost all cultivation
depends on irrigation and approximately half of the
irrigated area utilizes wells and pumps (0 extract
groundwater (Abdel Rahman and Abdel Majid, 1993;
MAF, 1995). The cost of producing water in this
systemn includes high fixed costs as a result of digging
and equipping wells, labor cost to monitor and
distribute water, and energy cost to run the pumps.
These cost components account approximately for 50,
30, and 20%, respectively, of the total volumetric water
cost in the case of surface irrigation (Norman er al.,
1996).

This paper investigates the cost structure of
irrigation water in the Batinah region in Oman. In
particular, the substitutability among capital, labor and
energy factors in the production of water will be
analyzed. The objective of the study was to develop
separate cost functions for water as an intermediate
input in the production of agricultural products and to
apply it to a region of Oman. The paper is organized
in the following sequence: First, it lays down the
theoretical background to the irrigation water cost
function; second, it presents the data and discusses the
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empirical results; and finally it concludes with policy
implications and recommendations.

Theoretical Background

Agricultural production is very often presented as
multi-output technology since farmers produce a variety
of crops. For any single crop, a separate production
function exists if the technology assumes nonjoininess in
inputs. According to Chambers (1991), a production
function in a multi-output technology is nonjoint n
inputs if the level at which a product ¥, is developed is
independent of the level at which a product ¥, is
developed.

For the purpose of this paper we assume an output
v produced with an intermediate input x' (water) and
other inputs x, . The input x' depends on production
factors denoted by K, including labor, energy, and
capital, with corresponding wages w,. To be able to
write a separate input requirement function for input x'
we need to assume Nonjointness in output quantities. A
technology is said to be non-joint in output quantities if
there exist individual quasi-convex, non-negative, non-
decreasing factor requirement functions such that for
every (xy) there exist ¥, = 0 such that (Kohli, 1983):

. 1 ¥ E
X, > g Yiprees¥ i)

5 A

(1)

i

For simplicity of presentation we assume that only
one output y is produced so one can concentrate on the
input side.

Given the technology embodied in Equation 1, the cost
function that corresponds to the input x' (water) will be
represented as:

c(kw) =Y w hiy (2)

Assuming the technology to be separable in inputs
{Chambers, 1991), the output y could be presented as
a function of the input x' and inputs x, -

y =y (x' x) (3)

So we can represent the cost function, Equation 2, as:

ckw) = QL w)y (x'x) (4)

For irrigated crops, there is a strong correlation between
the quantity of irrigation water, x', and the output y.
Thus, we can substitute the quantity of water produced

as a proxy variable for the quantity or volume of the
output. Finally, the cost function becomes:

) (5)

C (kw) = ¢ (w,, x'

Equation 5 is a conventional cost function for irrigation
water as an intermediate good. It is a function of input
prices, w,, and water quantity, x'. It is assumed to be
continuous and homogenous in input prices, w, .

A functional form that corresponds to Equation 5
is the translog function, chosen for its popularity in
production analysis as it imposes no arbitrary
behavioral restrictions and requires only the minimum
number of parameters (Christensen ef al., 1971).

To investigate the cost structure of irrigation
water and the substitutability of inputs in the production
of water in irrigated areas, the translog functional form
is chosen because it offers sufficient flexibility in
modelling technologies with arbitrary partial elasticities
of substitution between pairs of inputs (Burgess, 1975;
Berndt and Christensen, 1973),

Assuming the minimum cost of producing a unit
of the intermediate input, x' can be represented by the
following translog approximation to the cost function.
This incorporates three factors of production, i.e.
capital K. labor L and energy E:

(b6}

y Inxh Y I Inw Inx!

where 1 = K, L, and E.

Using the duality theorem, known as Shephard’s
lemma, we obtain the derived demand for each of the
three factors, K, L, and E by differentiating the unit
cost of function with respect to the price of the
corresponding factor:

(7

) ;i .
- dn ': S Z H. In '|‘I;|,'_.'I & "-\.' In %!
i E'Jn 1'._\.' || ] i

A well-behaved cost function should satisfy the
homogeneity condition in factor prices.  Linear
homogeneity in input prices requires the following
restrictions on the parameters:
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Chy + Oy * O I (8)
E’KN Y |3K]. b ﬁb‘.l- = 4
B * B, * B, = 0
l:II'E\'E i ﬂ'L!: T ﬁl:]{ 0
l'IKx. - H|.~ . III_.1~ =0

Equation 6 also imposes the symmetry condition.
i.e. Pij=pji for all i, j. The translog cost function
specified in Equation 6 is assumed to be an
approximation to the true functional form. This suggests
that valid analysis requires estimation of the cost
function Equation 6 along with the cost-share Equation
7 (Berndt and Christensen, 1973; Burgess, 1975).

However, the cost-shares sum to unit requires that
one cost share equation needs to be omitted. The
benefit from the joint estimation of the share equations
with the cost function is to increase the degrees of
freedom.  This is feasible since the cost-share
parameters are a subset of the cost function parameters
(Christensen and Greene, 1976).

Estimation and Empirical Results

To estimate the model given by Equations 6 and 7,
both guantities and prices of the various inputs (labor,
capital, energy) as well as the quantity of water are
needed. The data used in this study are cross-sectional
collected through a farm survey composed of twenty
seven farms located in the Batina region in the Sultanate
of Oman. The quantity of water is assessed by the
irrigation schedule (interval and period of irrigation) and
the flow rate.

For drip irrigation, drips are adjusted to deliver a
flow rate of four litres per hour. This flow is assumed
to be constant for all farms in the sample. In the case of
surface irrigation, the pumping rate and irrigation
schedule were measured and used to determine the
annual quantity of water pumnped.

The three factors used in the cost of irrigation
water are capital, labor and energy. Capital costs are
assessed from the initial cost of construction of wells
and accessories as well as the cost of pumps. A
straight-line depreciation method was adopted to
calculate annual costs. The amount of labor used in
irrigation and wage rate was measured through a
questionnaire.  Finally, the cost of energy (diesel or
electricity) was measured from monthly expenditures.
Total cost was then calculated by summing the three cost
compaonents.

The cost function and both the labor and capital-
share equations are estimated simultaneously. The
parameters of the third cost-share equation will be
derived using the linearity and symmetry conditions in

TABLE 1

Translog parameter estimates for irrigation water (i-stafistics
between parenthesis)

Parameter Muodel
A B C
[+ 11,718 2.756 0,660
(2.04) (2.78) (2.44)
tx,, 0.281° 0,343 0,384
(3.0 (5.33) (5.94)
o, 0.347* 0.377 0.395*
(5.50) (7.18) (7.65)
o, 0.371° 0.278" 0.218*
{2.82) {3.35) (2.69)
W, -1.938 0311 (0, (e
(1.77 (1.62) (2,500
Yo 0.093" 0.0 -
{1.72) {2.11)}
i 0.853¢ 0.024" -0.033*
(3410 {1.95) (2.81)
L P -0.382 0.0 0.0
{1.68) (.04 (0.02)
Pur 0.471° 0.025 0,033
(5.02) (1.63) (2.31)
fi, -0.477" 0.013 0,020
4.55) hEL (1.27)
B 0.948" 0,030 0.053
(.92} (1.23) (180
Bee 0.477* 0013 0.020
(4.55) (0L HLY (1.27)
! -0 4407 =
(1.7a)
., 01.205 . -
[3.58)
' 0.234°
(4.15)
R .4 .99 (.99
Rss" 0045 01059 0,099
dr 12 15 16
F-test . 4.8 0.36

* Denotes parameter significant at 5% level
" Residual sum of squares

Equation 6. To estimate this system of equations we
used the iterative seemingly unrelated regression (SUR)
suggested originally by Zellner (1962) and by
Christensen and Greene (1976). This procedure
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ensures efficient parameter estimates that are invariant
to the omitted equation.

To test for homogeneity of degree one in prices
and for homogeneity of the cost function, we estimated
three versions of the model. Model A is the non-
restricted model, i.e. including all parameters. In
Model B we applied the homotheticity condition by
setting all I, = 0 (I = K, L, E). Finally, we
considered homogeneity conditions in Model C.

Results of the estimation appear in Table 1. The
adjusted R® is very high for all three models. Parameter
estimates in Model A are all significant at 3 % (10
parameters) or 10% (3 parameters) except one. The
conventional F-test was used to check the homogeneity
and homaotheticity conditions. Both tests (Table 1) show
that these restrictions cannot be rejected at the 1% level.

Model A is used to derive the elasticities of
substitution among the three factors of production,
capital K, labor L and energy E for the translog cost
function. The Allen partial elasticities of substitution
(AES) between any two pairs of factors i, j can be
expressed in terms of the parameters of the translog
function in the following form (Johnston, 1984):

B + 88
a - Lod
! S; 5
) ()
B.+5 -5
l:sl - ] B
S

The measure o, indicates the degree of
substitutability between input i and input j 1n response
to a change in factor prices, holding input constant. The
value of o, lies between zero and infinity.  Positive
(negative) AES values indicate that inputs are substitutes
{complements).

Table 2 presents the AES measures at the mean
value along with the corresponding t-statistics. AES
between capital (K) and labor (L), and between capital
and energy (E) are hoth negative with the t-statistics
being significantly larger than the critical value at the
5% level. This implies thar the inputs are complements
for each other, The AES wvalues, however, are
relatively small (0.27 and (.32, respectively). Only the
AES between energy and labor is positive which implies
that energy could substitute labor,

The fact that capital is not a substitute for any of
the two other inputs (energy or labor) may result from
the high sunk costs of digging wells and the cost of
pumps. These high costs are usually accompanied by
related labor and energy costs to function the pump and
channel, and distribute water from the wells to the
cropping areas. Labor, however, is found to be a
substitute for energy. More labor may lead to a better

TABLE 2

Allen elasticities of substitution at the mean value derived
Sfrom model A

AES Value* AES Value
g 027 s 1.62
i(5.41) (.15}
O -01.32 7, -4.00
i3.83) i(2.48)
(... (1.96 [ -4.70
(4.75) i1.60)

“1-staztistics in parenthesis

water management, and reduce warer leaching and
waste which result in less water use and less pumping
time. Further, it was shown that water-distribution
labor is conversely related to irrigation pumping rate
(Norman et al., 1996). The utility of exchanging labor
for water and vice-versa among small irrigated and
labor-intensive farms has also been documented in other
countries (Norman and Walter, 1996).

Table 2 also presents the own price elasticities of
derived demand for the three factors. The own price
elasticities measure the response of derived demand to
a change in the own price of the factor while holding
output and other input prices constant. Only the price
elasticity for labor, o, is found to be significantly
different from minus one at the 5 level, This implies
that farmers can respond to changes m labor wage.
One way to do so is to substitute energy for labor as
revealed by the AES. The derived demand for energy
and capital, however, is not affected by changes in their
factor prices.

Another important measure that could be derived
from the cost function is the scale elasticity. Scale
elasticity expresses the returns (o scale exhibited by the
function. It is defined as the percentage change in total
cost resulting from one percent increase in output
holding the input process unchanged. Christensen and
Greene (1976) provide a measure of scale economies
based on the cost-function Equation 6 as follows:

(10)

(@ lnCodlnx'y

r v Inx - Z modnw )

sk I

where I = K, L, E. SE is positive when the technology
exhibits economies of scale or increasing returns to
scale,  Megative values of SE, however, indicate
diseconomies of scale or decreasing returns of scale.
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The estimate of 5E is found to be equal o 2.01 which
indicates significantly positive economies of scale.

As defined in Equation 10, SE refers also to the
elasticity of cost with respect to output (Chambers,
1991). As such, economies of scale imply that large-
sized farms are more cost-effective than smaller ones.
In the case of irrigation, economies of scale may result
from the high fixed costs of well construction.

Conclusions

The cost of irrigation water has been a major
policy issue in the Sultanate of Oman. The Government
has looked at water as a principal component of
industrial production in a country characterized by an
arid climate. There are at least two aspects that show
the importance of water cost in Oman. First, agriculture
consumes about 94% of the total water available in the
country. This reveals the problem of allocation of water
resources among the different sectors of the economy.
Second, since most crops are irrigated, the cost of water
is linked to problems of optimum use of water
Tesources.

The Government has implemented extensive
subsidies to encourage the use of modern irrigation
systems. These subsidies amount to 75% for farms of
less than 4.2 ha, 50% for farms of 4.2 to 21 ha and 30%
for farms greater than 21 ha. Currently, the subsidy
programs are being reduced substantially and are
expected to be removed altogether shortly. Thus a study
of the cost structure of irrigation water is important 1o
enlighten policy-makers about some vital issues related
to the removal of subsidies.

This study reveals some preliminary results about
the above issues. It is found that irrigation 1s related
significant economies of scale. This means that large
farms are more cost-effective than the smaller
counterparts which leads to a rethinking of the rationale
behind investments to construct wells in small farms.
Allen elasticity of substitution indicate that energy and
labor factors are not substitute for capital. The only
possible substitution is found between labor and energy.
The implication from these results is that an increase in
the cost of capital will not be accompanied by an
increase in energy and labor expenses. However, an
increase in the cost of energy would result in reduced
pumped water requiring more management and labor
hiring. This means that the increase in the cost of

energy could be absorbed by an increase in labor
hiring. Finally, if the subsidy on energy and capital is
removed, the demand for these factors will not be
affected, as documented by the own-price elasticities,
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