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Appendix

The production technology of the water utility can be specified either by production, cost or profit
functions. The output distance function generalizes the production technology of a multi-output utility.
Assume that a water utility employs a vector of inputs x ¼ (x1; . . . ; xN) [ RN

þ such as revenue and water
storage capacity (as a proxy for capital stock), and so on, in order to produce a vector of outputs
y ¼ (y1; . . . ; yM) [ RM

þ such as lpcd, population served, and so on, and then define the production tech-
nology of the water utility as:

T ¼ {(x; y): x can produce y} (A1)

and the output distance function is defined as:

Do(x; y) ¼ inf [{x; y=u} [ T] (A2)

Equation (A2) characterizes the output possibility set by the maximum equi-proportional expansion
of all outputs consistent with the technology set (A1). Output distance function is non-decreasing and
positively linearly homogeneous and convex in outputs and decreasing in inputs. The output distance
function takes a value, which is less than or equal to one if the output vector is an element of the feasible
production set. Furthermore, the distance function will take a value of unity if the output vector is
located on the outer boundary of the production possibility set.
In computing the distance functions, we choose the DEA (or activity analysis) methodology from

among competing alternatives, so as to take advantage of the fact that the distance functions are
2166/wp.2011.109Supplement

Publishing 2012

mailto:surenderkumarbansal@hotmail.com


S. Gupta et al. / Water Policy 14 (2012) 1–22
reciprocals of Farrell efficiency measures. The DEA involves the use of linear programming methods to
construct a piecewise linear envelopment frontier over the data points such that all observed points lie on
or below the frontier. Thus, the technical efficiency of each firm is computed like this:
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(A3)

where M is the number of outputs produced, N is the number of inputs employed and K is the number of
water utilities. (z1,…, zk) are variables, which show the intensity with which each utility is used in order
to construct the frontier of the production possibilities set. In the formulation of Equation (A3), by
restricting zk � 0, we imposed the condition of constant returns to scale (CRS). In the DEA, we can
impose various kinds of returns to scale on reference technology by changing the restrictions on inten-
sity variables. For example if

PK
k¼1 zk � 1, then the technology satisfies the non-increasing returns to

scale (NRS) and if the sum of intensity variables is restricted to exactly equal to one, we can model
variable returns to scale (VRS) which allows increasing, constant and DRS.
Technical inefficiency under CRS is the product of scale inefficiency and pure technical inefficiency.

A water utility is operating under the condition of optimal returns to scale if the output-oriented tech-
nical efficiency of a water utility is equal under CRS and VRS scenarios, otherwise it is scale inefficient.
Deviations from scale efficiency are essentially deviations from CRS and therefore can be due to oper-
ating at a point of increasing or DRS. If the technical efficiency under CRS is not equal to the efficiency
under VRS but the efficiency score under VRS and NRS are equal, then the utility is operating under
DRS. Finally, if the efficiency scores are equal under CRS and NRS but less than VRS then the utility is
operating in the range of IRS (Grosskopf, 1986; Kumar, 2006).
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