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Abstracts: Most countries around the world are strongly debating ways to yield more equitable
access and a more efficient provision. One issue linked to efficiency is the achievement of scale
economies in the industry and the optimal dimension of water and sanitation providers.Changes
in the industrial structure of the sector, through mergers in highly atomized services, the breakup
of very concentrated services, or the property discussion (private versus public) are major issues.
These decisions have often become politicized because of the social complexity of the sector.
Empirical findings of the different models reveal the existence of increasing returns to scale in
Latin American water provision based on an ADERASA database (a 2005 cross section of 90
providers in 14 countries). The study of returns to scale incorporates a technical argument into
the discussion because-as our study suggests-the prescription could be to agglomerate small

providers.
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INTRODUCTION

Certain features of the water and sanitation
sectori make it unique. Firstly, the industry is
highly capital intensive and most of its capital
is sunk. Technical change in the sector, largely
as a consequence of the former, has been very
slow to develop. Secondly, that water and
sanitation are vital to life implies complex
social and political interrelations.

Since water and sanitation are local
monopolies, they tend to be controlled by
municipalities whose scale of operations tends
to be smaller than the optimal scale for
provision, implying inefficiencies.

Most countries around the world are
strongly debating ways to yield more equitable
access and a more efficient provision. One
issue linked to efficiency is the achievement of
scale economies in the industry and the
optimal dimension of water and sanitation
providers.

Changes in the industrial structure of the
sector, through mergers in highly atomized
services, the breakup of very concentrated
services, or the property discussion (private
versus public) are major issues. These
decisions have often become politicized
because of the social complexity of the sector.

In this study, we aim to estimate the
presence of returns to scale based on a
database of water and sanitation providers in
Latin America. Public policy consequences are
direct: if those returns to scale do exist, and
the sector is not taking advantage of them, the
agglomeration of small providers can
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eventually save resources which could help
solve the coverage shortages and the
insufficient access of the poor in the region.

The paper is organized as follows: Section
2 presents theoretical issues related with
empirical estimates of returns to scale and
scale economies in the water and sanitation
sector. Section 3 briefly synthesizes the
findings of the empirical literature on the
issue. Section 4 describes the database used.
Section 5 presents the methodology and
estimates and Section 6 concludes.

THEORETICAL ISSUES

From a theoretical point of view, and given a
production function y = f{x1, x2), increasing
(decreasing) returns to scale exist when
increasing input usage xi as a proportion of “t”,
output y grows in a greater (lower) proportion
than the former increase in inputs. This
implies f (%) >t (4, %) for increasing returns
to scale (and the contrary is true for
decreasing returns). If f(®%)=ff(x.%) then,
there are constant returns to scale.

That definition has a correlate in the cost
function: an increase in the returns to scale in
the production function can lead to economies
of scale; a decrease in the returns to scale
implies diseconomies of scale. Therefore, to
estimate economies of scale (returns to scale)
we must first define product (y) and then
define a cost (C) or production (F) function.

The use of a production or a cost function
implies different economic assumptions about
the firm: one, the firm seeks to maximize
output by choosing the optimal input
combination for a given budget constraint; and
two, it seeks to minimize production costs,
opting for the necessary input to achieve a
given output level. Under certain regularity
conditions, it is possible to prove that the cost
function is the dual of the production function.
Thus, production technology can be
characterized as using both production and
cost functions. Despite the duality of cost and

production functions at the theoretical level,
the empirical specification has different
implications.

In a production function regression we
assume an endogenous output level since the
input quantities are exogenous. In contrast,
costs and input quantities in a cost function
are endogenous while output is exogenous.

In the water and sanitation context, two
reasons favor the usage of a cost function.
Firms are obliged to provide all customers
with a minimum quality standard. They also
tend to be price takers in the input markets.

Nevertheless, the cost estimates have
difficulties of their own: nominal values are
not easy to compare in inflationary
environments, and cross-country studies show
that the purchasing power parity is also
difficult to assess. These problems are
particularly relevant to this study as it tests
the accuracy of the monetary magnitude in the
database.ii For all of these reasons, we take a
production function approach.

This paper is a contribution to the
economic literature with respect to scale
economies in the water and sanitation sector.
Firstly, only few studies estimate production
functions (and returns to scale); most estimate
short- or long-run cost functions. Secondly,
there are not many cross-country studies on
the subject and, to our knowledge, it is the first
to focus on the Latin American region.

After defining the inputs of the production
function, other variables influence the returns
to scale, which have nothing to do with the
efficiency level of the firm but rather with the
operational environment. These variables are
called “environmental”, hedonic or controls.
They allow us to take into account the
different operative and technical conditions of
the firms: the type of customer, the territorial
density of the service, the quality of the
product and so on.

The production process is represented by
the function f{y, x; Z) = 0, where y is the output
vector, x the input vector, and Z the
environmental variables vector which helps to
characterize the underlying technology.

The following is a simplified
representation of the Cobb-Douglas function
and its logarithmic form:

N
y:ﬂo liIle”

1)
N
Iny=Ing,+> B, Inx,
B @)
The Cobb-Douglas formula is quite

common in the empirical literature because of
its simplicity and easy interpretation. But, it
imposes  unnecessary  constraints  on
production technology, in particular, with
regard to scale economies, implying that they
are the same at any level of production.
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Table 1: Summary Of Quantitative Results Of Reviewed Studies
Inverse of | Minimun Minimun Minimun Average Average Average Density
Author and date elasticity/ | efficiency efficiency | efficiency firm size firm size firm size (in | (habitants /
product Scale Scale Scale (million of (thousand thousands network lenght)

(million of (thousan (in cubbic of of

cubbic d of thousand mters/yea habitants customers)

mters/year) habitants | sof r) served)

served) customer
s)

Antonioli and Filippini 0.95 7.00 14 6.77 39 0.22 172
(2002)
Ashton (1999) 0.96 57.53 25
Baranzini, Faust and 3.80 70 0.15 462
Maradan (2008)
Bhattacharyya et al. 60.67 1.32
(1995)
Bottasso and Conti 0.99 186.34 2600 12.74 204
(2003)
Bottasso and Conti 1.14 62.89 820 4.79 171
(2009)
Fabbri and Fraquelli 0.99 18.86 18.86 164
(2000)
Filippini, Hrovatin and 1.06 117 18 5 2.29 25
Zoric (2007)
Fraquelli and Moiso 0.65 90.00 1000 250.00 1892 20.18 94
(2005)
Fraquelli and Moiso 1.12 90.00 1000 59.00 366 6.99 52
(2005)
Fraquelli and Moiso 2.18 90.00 1000 18.90 22 2.51 9
(2005)
Garcia, Moreaux and 1.12 0.37 2 1.58 8 75.65
Reynaud (2007)
Garcia and Thomas 1.00 0.55 11 0.41 8 0.15 56
(2001)
Martins, Coelho and 7.60 2.46 36 0.25 143
Fortunato (2006)
Martins, Coelho and 6.21 1.66 36
Fortunato (2008)
Mizutani and Urakami 0.92 261.08 766 66.62 195 0.74 262
(2001)
Nauges and van den 0.99 395.00 3784 395.00 3784 10.71 353
Berg (2007)
Nauges and van den p b | 453.55 3908 22.00 229 0.32 711
Berg (2007)
Nauges and van den 1.26 10.00 98 4.00 30 0.09 333
Berg (2007)
Nauges and van den 1.16 15.00 560 13.00 142 0.16 855
Berg (2007)
Renzetti (1999) 8.10
Revollo Ferniandez and 1.28 28.00 149 18.90 100 0.49 205
Londoio (2008)
Saal and Parker (2001) 373.28 2400
Saal and Parker (2005) 0.98 373.32 4300 28.64 150
Saal and Parker (2005) 1.00 62.89 820 4.79 171
Sauer (2005) 2.08 3.59 66 18 1.23 24 0.28 86
Stone & Webster 0.62 385.44 382.52 2400
(2004)
Source: authorss calculations on the bases of the reviewed studies.

Christensen, Jorgenson, and Lau (1973) use
the translogarithmic (or translog) to capture
the scale economies that Cobb-Douglas could
not:

N 1 N M
Iny=p8,+> B,Inx, +Ez.2ﬂnm Inx,.Inx,
n=1

n=l m=1
(3)

The translog function has the advantage of
being more flexible than Cobb-Douglas. It does
not impose a priori constraints on input
substitution feasibility and allows scale
economies to vary together with the output
level.

Hence, the more recent empirical studies
commonly use a translog function that is more
flexible and nests the Cobb-Douglas as a
particular form. The log-lineal Cobb-Douglas
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formula is the particular case of the translog
when all the interaction terms fnm are equal
to zero.

On the other hand, the translog formula
could be understood as a second order Taylor
expansion in  the logarithm of a
cost/production function with some
constraints on the parameters to hold the
desired properties (symmetry and
homogeneity). The disadvantage of the
translog function is that it is only a local
approximation and its results are only locally
reliable around the approximation point. Since
some properties are not imposed, they have to
be verified ex post based on the estimated
coefficients.

The translog function has been of ample
use in scale economy studies because of its
properties. In the multiproduct context, it has
another disadvantage when the output level of
one or more products is zero. In that case, the
formula has limitations computing scope
economies. This is relevant in the water and
sanitation sector since providers usually
produce both products; in turn, the water
service could be considered scale and scope
economies at each stage of the productive
chain (abstraction, purification,
transportation, distribution and commercial).iii

To measure scale economies, calling E the
cost elasticity with respect to scale (as cost
change in percentages before a given change in
scale or the size of a firm), if E = 1 there are
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Table 2a: Overview of reviewed literature (first part)

Author and date Antonioli and Ashton | Baranzini, | Bhattach | Bhattach | Bottass | Bottasso | DeVitte | Fabbri | Filippi | Fraquelli Garcia, Garcia and Hayes

Filippini (2002) | (1999) | Faustand aryyaet | aryyaet oand and and and ni, and Moiso Moreaux Thomas (1987)

Maradan | al, (1994) | al, (1995) | Conti Conti Dijkgra | Fraquel | Hrovat (2005) and (2001)
(2008) (2003) | (2009) af li in, Reynaud
(2007) | (2000) | Zoric (2007)
(2007)
Country/region Italy Englan | Switzerland USA USA England | England | Netherla Italy Sloveni Italy USA France UsA
d& & & Wales nd a
Wales Wales
Estimation method RE GLS, Several COLS SUR Several ML GMM GMM OLS
SUR
Num. Of firms 32 20 113 257 221 28to 18to12 | 20to10 173 52 18 233 55 475
21
Period/date 1991-1995 1991- | 2002-2005 1992 1992 1995- 1995- 1992- 1991 1997- 30 years 1997-2000 | 1995-1997 | 1960,197
1996 2001 2005 2006 2003 0,1976

Technology: Cobb- Yes Yes Yes
Douglas
Technology: Translog Yes Yes Yes Yes Yes
Technology: Cuadratic Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Technology Cubic Yes
Other Technology
Variable Cost Function Yes
Total Cost Function Yes Yes Yes Yes Yes Yes Yes Yes Yes
Output: Volume of Yes Yes Yes Yes Yes Yes
water produced
Output: Customer or Yes Yes Yes Yes Yes Yes Yes Yes ) Yes Yes Yes Yes Yes
water connections
Output: Wholesale Yes
water
Output: Water losses Yes Yes
Output: Service Area Yes
Output: Volume of Yes
water delivered
Output: Customer or
sewage connections
Input: Labor Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Input: Energy Yes Yes Yes Yes Yes Yes Yes
Input: Capital Yes Yes Yes Yes Yes Yes
Input: Others Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Hedonic/ Serveral Servera Serveral Ownershi | Serveral | Servera | Serveral | Serveral | Serveral | Servera | Serveral Serveral Serveral NA
control/environmental 1 p | 1
Scale economies Yes Yes Yes Yes
(output)
Constant scale Yes Yes Yes Yes Yes Yes Yes

neither economies nor diseconomies of
scale. If E > 1, the firm will exhibit
diseconomies of scale. If E < 1 it will indicate
scale economies. The reported results of the
studies were standardized using the reciprocal
of the cost elasticity with respect to the output.
The measure (1/E) > 1 denotes increasing
returns to scale (scale economies in the cost
function), (1/E) < 1 reveals decreasing returns
to scale (diseconomies of scale in the cost
function), and (1/E) = 1 indicates constant
return to scale (the absence of scale economies
or diseconomies).

A REVIEW OF THE EMPIRICAL LITERATURE
Until the 1990s the tendency of the empirical
studies in water and sanitation scale
economies focused on the small size of some
providers and the efficiency discussion
between public and private providers. Many

studies tended to examine the cost savings of
scale economies derived from the mergers of
atomized providers in the US and to estimate
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the comparative performance of private and
public operators.

From the 1990s the research agenda
shifted to England and Wales based on the
privatization of the sector in 1989. Private
provision triggered an interest in the
performance and optimal size of the
enterprises. During the 1990s, a wave of
mergers and acquisitions in England and
Wales consolidated the industry. Researchers
tried to assess whether mergers actually
improved welfare for society or simply implied
higher profits for the firms (and more
monopoly power).

Later, the literature showed an interest in
Italy, where legislation in 1995 aimed to
amalgamate a highly atomized sector in
Optimal Territorial Units (ATOs in Italian).
New, richer and more complex techniques
were implemented at the time. The problem of
very small and inefficient providers was
common in other Continental European
countries, such as France, Germany, Portugal,
Switzerland, Spain, the Netherlands, Slovenia

and Romania. Similar discussions were also
documented in South Korea, Japan, Canada and
Colombia.

Cross-country studies are scarce but some
recent efforts, mainly from international
organizations, have been able to build large
databases covering diverse countries.

A significant set of studies from many
countries yields economies of scale with
populations ranging between 100 thousand
and 1 million or more, with population
densities of 250 inhabitants per square
kilometers, or with volumes of water provision
totaling almost 70 million cubic meters per
year. Larger populations, densities or volumes
tend to give rise to diseconomies of scale and
lower values produce cost savings for an
agglomeration of small providers.

Table 1 presents a brief review of the
literature. Most of the studies report
economies of scale, constant scale economies,
or moderate diseconomies, except in some
cases involving major providers.
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Table 2b: Overview of reviewed literature (second part)
Martins,|Martins, Naug Revollo
Hunt % < Coelho;| Coelio piizatany ahd (Naugesand Renzet|Fernandez[Saal and| Saal and Stone and
lAuthorand date and Kim and Kim and and and and van van den o aid Paslier Parker Webster Torres and
Lynk |[Clark (1988)|Lee (1998) |[Fortuna|FortunaUrakami| den Berg & Paul (2006)
(1995) to to | (2001) | Berg | (2008) (2999 LE’Z“:(;’B“)" (z001) | [2005) (2004)
(2006) | (2008) (2007)
England England| England & England &

Country/region & Wales USA South Korea|Portugal|Portugal| Japan |[Several| Several |Canada| Colombia |& Wales Wales Wales USA
Estimation method OLS ML SUR OLS OLS SUR SUR GMM ML
Num. Of firms NA 60 42 218 282 112 360 295 77 126 10 20 38 255
Period/date Yes Yes Yes Yes Yes Yes Yes Yes
ITechnology: Cobb-Douglas Yes Yes
[Technology: Translog Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ITechnology: Cuadratic Yes Yes Yes
[Technology Cubic Yes
Other Technology Yes

ariable Cost Function Yes Yes Yes Yes Yes
[Total Cost Function Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Output: Volume of water produced Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Output: Customer or water connections Yes
Output: Wholesale water Yes
Output: Water losses Yes
Output: Service Area
Output: Volume of water delivered Yes Yes Yes Yes Yes Yes
Output: Customer or sewage connections Yes
Input: Labor Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Input: Energy Yes Yes Yes Yes Yes Yes Yes Yes
Input: Capital Yes Yes Yes Yes Yes Yes Yes Yes

Servera Servera

Input: Others Serveral| Serveral Density |Serveral|Serveral|Serveral 1 Serveral 1 Serveral |[Serveral| Serveral Serveral Serveral
Hedonic/ control/environmental Yes Yes Yes Yes Yes Yes
Scale economies (output) Yes Yes Yes Yes Yes
Constant scale economies (1/E) +/- 5% Yes Yes Yes

Also, we can see a significant variability in
the optimal size of the providers, measured in
terms of volume, inhabitants, or customers.
These differences may have to do with
geographical, historical, institutional, legal and
regulatory factors.

Table 2  presents the  different
methodologies used in the computation of the
results of the preceding table. Some authors
work with panel data while others perform
estimates with cross sections. In most of the
cases the translog specification is preferred to
the Cobb-Douglas or other specification, such
as the cuadratic. The estimation strategy,
generally consists on estimating a system of
equations through the Seemingly Unrelated
Regression (SUR) procedure. In general, the
system comprise: the cost function, the share
equations of all but one input, and a set of
constraints that guarantee symmetry and
homogeneity.

In most of the studies, output is the
volume of potable water (produced or
delivered) to residential, non-residential or
both customers. The difference between
produced and delivered water is network
losses (“unaccounted for water”). Other
studies use serviced inhabitants or customers
(connections) as output.

The estimates are comprised of four main
inputs: labor, capital, energy and raw
materials. In some cases, other inputs are
taken into consideration, like hired services or
block water purchases.

Inventi Rapid: Service Sector Vol. 1, Issue 1

Since the studies in their great majority
are estimates of cost functions, the underlying
assumption is that firms minimize costs given
the input prices. To determine the average
wage, wages are divided per number of
workers based on balance sheet data.

To determine energy price, in some cases
the average price of the kWh is estimated by
dividing energy expenses by the quantity of
energy consumed, and in others an index of
energy cost from official statistics was taken.

The unit price of “raw materials”, as long
as it groups very heterogeneous concepts, has
been calculated by choosing a representative
official price index to apply.

The capital price is normally estimated as
a residual category: the non-labor costs are
divided into some physical unit approximating

the capital stock of the firms, typically,
network length.

With respect to “environmental” variables,
most of the cases used the network length, the
number or type of customers, and/or density
variables.

The network length is sometimes added as
a proxy of the capital stock; other times it is
incorporated to reflect different intensities in
energy input.

Density variables seek to capture
differences in costs because of the
concentration or dispersion of the demand.

The customer types influence the costs:
those firms with a larger number of non-
residential customer normally have lower

costs than firms which supply a majority of
residential customers because of a more
concentrated demand, lower commercial
expenses and so on.

Likewise, some authors have incorporated
variables that distinguish between different
sources of water since surface water demands
more chemicals, unlike underground water
that has a higher consumption of electricity.

Finally, some variables reflect differences
in the operative environment, such as pipe
breaks, water losses, the types of property of
the provider (public or private) and quality
standards.

THE DATABASE

To make the estimates, we use a database from
ADERASA, comprising providers from 14 Latin
American countries with 90 observations for
the year 2005.v From that database we select
representative variables for products, inputs
and controls.

The selected variables to represent output
are the quantity of water customers (In_clia),
water volume produced (In_volu) and

coverage measured as the number of
inhabitants (In_cobe).

The productive factors are capital and
labor. The water network length measured in
kilometers represents the former (In_reda),
and the latter measures represent the full-time
equivalent workers (In_labo).

As the output and input variables are
expressed in logarithms, the estimated
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Table 3: Descriptive Statistics

Variable N Mean Largest Minimun Std Dev Variance Skewness Kurtosis
In clia 90 11.15 14.83 7.02 1.55 2.40 -0.1283 3.12
In volu 90 11.31 15.28 6.84 1.53 2.35 -0.0648 3.43
In cobe 90 12.54 15.87 8.65 1.51 2.30 -0.0794 2.96
In reda 90 6.59 9.82 3.04 1.36 1.85 0.1939 2.69
In labo 90 5.48 8.64 1.09 1.41 2.00 -0.3797 3.89
In dens 90 5.94 7.00 3.89 0.47 0.22 -0.8508 5.55

medi 90 0.74 1.00 0.00 0.31 0.09 -1.1322 2.83

Sane 90 0.79 1.23 0.00 0.28 0.07 -1.6142 4.69

Resi 76 0.74 1.00 0.28 0.12 0.01 -1.0128 5.34

anco 90 0.40 0.85 0.08 0.12 0.01 0.3104 4.23
Source: authors’ calculations

Table 4: Output Correlation Matrix

Inclia | Involu | In cobe
In clia 1.0000
Involu | 0.9615 | 1.0000
In cobe | 0.9864 | 0.9636 | 1.0000
Source: authors’ calculations

coefficients of the estimates can be
interpreted as elasticities.

We have selected some environmental
variables to capture the difference in the
operational realm of the firms, trying to
determine their impact on the scale and the
optimal size of operations:

e Customer density by kilometer of network
(In_dens), trying to determine differences in
the productivity factor arising from
concentrated or dispersed demand. That
variable is measured in logarithms to reflect
percentage changes.

e Percentage of metered customers (medi).

e Percentage of the population with sewerage
services (sane).

The weight of residential sales out of total
sales (resi) accounts for the demand structure.

The percentage of water losses or
“unaccounted for water” (anco).

Table 3 presents descriptive statistics of
the selected variables.

To estimate the production function, we
first have to identify the products a water
provider offers. The outputs could be
estimated according to the volume of water
produced or distributed (measured in cubic
meters), customer access to a water network
(as the proportion of covered inhabitants), the
amount of serviced people or customers, or
considering the firms as multi- product firms,
where the three products or a combination is
provided. The same is true for sewerage,
although sewage water has its origin in
potable water entering the property; in most
cases, properties with sewerage also have
water, while many water connections do not
have sewerage.

Table 4 presents the simple correlations
between the three output variables. They are
highly and positively correlated. Thus, it is not
possible to take more than one product at a
time, and we considered only one product in
each estimate in the production function
estimate.

Inventi Rapid: Service Sector Vol. 1, Issue 1

Considering the above, the following step
is to analyze the sample correlation between
each of the output, input, and environmental
variables.

The exercise has a twofold purpose. On the
one hand, it determines the more predictable
variables in relation to the selected output. On
the other, it tries to address possible
multicolineality  problems  between the
explanatory variables. A high correlation
between the variables could undermine the
significance of the estimates, making them
inconclusive.

Tables 5 to 7 present the correlations
between customers, volumes and population
coverage and the explanatory variables. In the
three cases there is a high correlation between
output and inputs, and between both inputs.
This result may indicate that both network and
workers well-explain production. On the
correlations between productive factors,
control variables and between the control
variables themselves, we find no serious
correlation problems.

ESTIMATION METHODOLOGY
EMPIRICAL RESULTS

To estimate the production function, we use a
Cobb-Douglas specification:

N M
Iny=Ing,+> B, Inx, +> B, Inz,
n=1 m=1

Where:

e (y) is the output, alternatively represented
by customers, volume and coverage

e (xs) are the inputs, capital and labor

AND

4)

e (zm) are the environmental variables
representing the five control variables:
demand structure, density, metering,

sanitation coverage, and water losses.

We also estimate other specifications like
the translog described in equation (3), as well
as in the simpler formulations (models A1, B1,
and C1). All the B.m were nonsignificant, so we
can infer that the Cobb-Douglas is an
acceptable specification.

Next, we present 18 production functions,
six for each product. The first estimate in each

of the six sets only includes the inputs as
explanatory variables and we then add the five
environmental variables one by one.

Table 8 presents the results using
customers as output. In the different

specifications, the input coefficients are
significant at 1 percent. Since returns to scale

imply that output increases more than
proportionally to input growth, and that the
coefficients of the variables in logarithms can
be understood as percentage changes, the
returns to scale are derived from the sum of
the coefficients of both inputs. All of the
estimates show increasing returns to scale
from 1.0540 to 1.1344.

Likewise, with the exception of customer
density, the remaining  environmental
variables are nonsignificantly different from
Zero.

Table 9 shows that when we consider
In_volu as output, the input coefficient
becomes significant with the exception of
In_labo in the specification (B2).

Returns to scale oscillate between 0.9914
and 1.0854, and three out of five
environmental variables are nonsignificant. As
the customer density increases, the data
indicate that proportionate increases in capital
and labor lead to higher returns in more
densely populated regions. Model B5 shows
that when residential customers grow, water
production volume reduces, ceteris paribus.

This is because, on average, the non-
residential customers’ consumption is higher
than that of residential customers.
Unaccounted for water in B6 implies that the
greater the water losses, the greater the water
production.

Table 10 presents the specification for
In_cobe as a dependent variable. With the
exception of In_labo in Model C2, the
remaining coefficients are significant at 1
percent. The environmental variables are
nonsignificant with the exception of customer
density. Returns to scale vary between 1.0004
and 1.1068.

CONCLUDING REMARKS
Empirical findings of the different models
reveal the existence of increasing returns to
scale in Latin American water provision based
on an ADERASA database (a 2005 cross
section of 90 providers in 14 countries). The
Cobb-Douglas specification we use has the
disadvantage that the elasticities are constant
throughout the range of analysis.

The adjusted R2 yields very high values for
cross section analysis, which suggests that the
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Table 5: Ln Clia (N = 90) Input And Hedonic Variable Correlation Matrix

In clia Inreda | Inlabo | Indens medi sane resi anco
In clia 1.0000
Inreda | 09626 | 1.0000
Inlabo | 0.8859 | 0.8301 1.0000
Indens | 0.3433 | 0.1220 | 0.4185 1.0000
Medi 0.0741 | 0.0329 | -0.0108 | 0.2081 1.0000
Sane 0.3500 0.3277 0.2942 0.1221 0.3141 1.0000
Resi -0.2037 | -0.1787 | -0.1794 | -0.1359 | -0.0078 | 0.1084 1.0000
Anco -0.0847 | -0.1167 | 0.0649 0.1078 | -0.1829 | -0.1668 | 0.0141 | 1.0000
Source: authors’ calculations
Table 6: Input and Hedonic variable correlation matrix for In volu (N = 90)
Involu | Inreda | Inlabo | Indens medi sane resi anco
Involu | 1.0000
Inreda | 09390 | 1.0000
Inlabo | 0.8331 | 0.8301 1.0000
Indens | 0.3256 | 0.1220 | 0.4185 1.0000
Medi 0.0143 | 0.0329 | -0.0108 | 0.2081 1.0000
Sane 0.2821 0.3277 0.2942 0.1221 0.3141 1.0000
Resi -0.2515 | -0.1787 | -0.1794 | -0.1359 | -0.0078 | 0.1084 | 1.0000
Anco -0.0093 | -0.1167 | 0.0649 | 0.1078 | -0.1829 | -0.1668 | 0.0141 | 1.0000
Source: authors’ calculations
Table 7: Input and Hedonic variable correlation matrix for In cobe (N = 76)
In cobe | Inreda | Inlabo | Indens medi sane resi anco
In cobe | 1.0000
Inreda | 0.9610 1.0000
Inlabo | 0.8861 | 0.8301 1.0000
Indens | 0.3917 | 0.1220 | 0.4185 1.0000
Medi 0.0887 | 0.0329 | -0.0108 | 0.2081 1.0000
Sane 0.3380 | 0.3277 | 0.2942 | 0.3702 | 0.5144 | 1.0000
Resi -0.2039 | -0.1787 | -0.1794 | -0.1359 | -0.0078 | 0.0934 | 1.0000
Anco -0.0781 | -0.1167 | 0.0649 | 0.1078 | -0.1829 | -0.2325 | 0.0141 | 1.0000
Source: authors’ calculations

‘models are well specified. In 16 of the 18
specifications the input coefficients are
significant and have the expected signs.

The environmental variables were not
significant in the great majority of the cases.

The results indicate the existence of

returns to scale in the sample with values that
are in line with scale economies estimated in
many other country studies.
A more extended database over a longer
period would allow us to test the robustness of
the results using a panel data study. That
would be a natural extension of this analysis.
Also, the panel allows for the grouping of
small, medium and large providers. The
environmental variables should be refined to
be able to draw more detailed findings.

The results, nevertheless, have important
implications for public policy. The sector has
been the object of centralization or
decentralization policies, depending on the
decade we examined, which in general were
not due to the optimal scale of production. The
study of returns to scale incorporates a
technical argument into the discussion
because-as our study suggests-the
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prescription could be to agglomerate small
providers. A logical consequence, then, is to try

to find an operative concept of optimal
scale provision. The study of the return to
scale (scale economies) also helps to
determine how far it is necessary to
agglomerate since both the theory and the
evidence indicate that at some point firms
become too big, giving rise to decreasing
returns (scale diseconomies).
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