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This study examines the performance of utilities in the water sector of Central American 

countries and Peru. Performance is assessed as technical efficiency and it is measured utilizing 

different methodologies. Chapter 1 explains the methodologies utilized in the different 

performance analyses presented in Chapters 2, 3 and 4. Chapter 2 provides a comprehensive 

efficiency analysis of water service providers in six countries in the Central American region. 

Pressures for sector reform have stimulated interest in identifying and understanding the factors 

that can contribute to network expansion, improved service quality, and cost containment. The 

aim of the analysis is to provide policymakers and investment funds institutions with quantitative 

evidence on the effectiveness of the regional water sectors and utilities under different 

institutional arrangements. In addition to key sector performance indicators, the analysis 

considers total factor productivity indexes, a non-deterministic frontier and a stochastic cost 

frontier. Differences in results from these methodologies are due to the assumptions imposed to 

each model specification and data employed. The Central American performance indicators are 

compared to similar indicators for service providers in Latin America. From the group of 

countries analyzed in Central America, the water service provider from Panama is the best 

performer according to results from all the methodologies. 
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Chapter 3 investigates the presence of economies of scale and technical efficiencies in the 

water and sanitation sector of Peru. Chapter 3 analyses the sector structure considering size and 

location of service providers. The aim is to address the merits of introducing additional suppliers 

in some regions and possible merging of small utilities in other regions. The analysis employs a 

stochastic cost frontier model. Overall, economies of scale are present in all firms in the forest 

region and in the small firms located on the coast. These findings support the aggregation 

process: consolidating some utilities could lower costs. 

Chapter 4 examines the impact on efficiency of water utilities providing service to multiple 

jurisdictions. The issue analyzed is whether the expansion of service across multiple jurisdictions 

is more efficient than expanding service within a single jurisdiction. In this context, a jurisdiction 

is a unit of government designed to carry out public functions within a specific territory.  The 

hypothesis is that utilities answering to a heterogeneous group of jurisdictional authorities are 

less efficient than those reporting to a single authority. Political issues and bargaining for 

resources may contribute to production inefficiencies affecting firms’ costs.  The resulting 

inefficiencies may offset any scale economies associated with serving a larger area. Results from 

the analysis support the stated hypothesis by finding less efficiency associated to utilities 

providing service to more than one province when they are serving in a department where there 

is more than one provider.   
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CHAPTER 1 
INTRODUCTION  

Developments over the past decade in quantitative techniques and pressures for 

infrastructure reform have stimulated interest in identifying and understanding the factors that 

can contribute to improving infrastructure performance.  Utility managers, infrastructure sectors’ 

associations, regulators, and other groups have begun to undertake statistical analyses to measure 

utilities’ performance over time, across countries and geographic regions. Estache, Perelman and 

Trujillo (2005) present an analysis of reforms in the electricity, telecommunications, 

transportation and water sectors in the last decade. The authors provide a comprehensive list of 

empirical studies in each sector highlighting the factors each study considered.   

This study’s contribution to the infrastructure literature is twofold. First it adds a regional 

analysis and a country case analysis to the water sector literature.  Secondly, it provides an 

analysis of unique factors that affect infrastructure performance such as sector fragmentation and 

the provision of service to multiple jurisdictions. These governance aspects are analyzed to 

determine the impact of infrastructure decentralization on utilities’ performance – a unique 

approach not yet covered in the empirical literature. 

Empirical studies in infrastructure addresses privatization, the type of regulation in place, 

or utilities’ ownership as factors affecting performance. At a regional level, empirical studies are 

limited, mainly focusing on the electricity sector. For example, Zhang, Parker and Kirkpatrick 

(2008) investigate the effect of privatization, competition and regulation on the performance of 

electricity utilities across 36 developing countries from 1985 to 2003. Estache and Rossi (2008) 

analyze the effect on the electricity sector’s performance of having a regulatory agency in place 

for 51 developing countries from 1985 to 2005.  Similarly, Jamasb and Pollitt (2003) review the 

effect of regulation on the performance of a group of European electricity distributors. 
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Regarding the water sector, the empirical literature related to more than one country is also 

limited. Sabbioni (2007) examines the relative efficiency of private and public utilities in the 

water and sanitation sector in Brazil considering different regions within the country. Clarke, 

Kosec and Wallsten (2004) examined the impact of private participation on the performance of 

the water sectors of Brazil, Argentina and Bolivia measured as the increase on service coverage.  

In Chapter 2, several methodologies for assessing water utility performance are applied to 

six countries in Central America: Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and 

Panama. In Chapter 3, the performance of the water and sanitation sector in Peru is investigated 

to explore the impact of firm specific production characteristics on the performance of service 

providers. The aim is to address the merits of introducing additional suppliers in some regions 

and merging of small utilities in others. In Chapter 4, the attention focuses on the role of service 

provision to multiple jurisdictions and its impact on efficiency. The goal is to investigate the 

effect on performance of the decentralization of service provision to municipalities. 

Decentralization is examined by Pearce-Oroz (2006). The author utilized a set of single 

dimensional indicators to examine the performance of decentralized versus centralized utilities in 

Honduras. This analysis is partial since it is based on performance measures that focus on 

specific areas of the production process of service providers. This analysis does not consider 

factors specific to the environmental circumstances of the production process or those particular 

to the operation practices of the utilities. In addition, this type of analysis does not include the 

interrelationships among the factors of production.  

In contrast, in Chapter 4 the impact of decentralization is considered by estimating a 

stochastic cost frontier where specific characteristics of the production process and their 
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interrelationship are taken on account.  The following sections provide a set of performance 

measurement methodologies which are utilized in this study.  

Performance Indicators and Total Factor Productivity 

A substantial body of technical literature exists regarding how to measure performance.  

Coelli, Estache, Perelman and Trujillo (2003) present a survey of different methodologies on this 

topic. The methodologies considered in this study are performance indicators, total factor 

productivity indexes, and frontiers.  

The simplest types of performance measures are single dimensional indicators such as 

labor productivity, service coverage, and non-revenue water. These indicators focus on a specific 

area of performance within the production process. These types of indicators fail to account for 

the relationships among all the elements of production and generally do not consider the impact 

of environmental or country specific factors.  

Productivity indexes represent a way of measuring performance over time since they 

identify production differences between two time periods. A comprehensive exposition and 

analysis of such measures is found in Balk (2003). The basic idea behind a Total Factor 

Productivity (TFP) index is to determine how much output is produced due to each unit of input, 

which is expressed by Equation 1-1. 

XYTFP /=                                                                                                                      (1-1) 

Here, Y is the level of output and X the level of input utilized in the production process. In 

practice, there may be more than one output produced from a combination of inputs. In such a 

case, a TFP index is constructed as the ratio of an output index to an input index. The input index 

should reflect the relative importance of each input in producing the output(s) and the output 

index should reflect the relative importance of each output. These relationships are represented 
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by weights. Assume r is the weight given to k outputs and s the weight to n inputs. Equation 1-2 

is the general formula to calculate a TFP index measuring productivity change between two 

periods of time, say from year 0 to year 1.  
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Three aspects are relevant when setting the above mentioned weights: the selection of the 

elements that represent the weights, the mathematical or functional form that combine them and 

whether the weights are the same for the two analyzed periods or not. The weights are generally 

prices for input factors and costs for outputs.  In Equation 1-2, the weights are assumed the same 

for both periods but they may not be which yields different alternatives for calculating TFP 

indexes.  When considering the initial set of prices, Equation 1-2 represents a Laspeyres index 

while using the final period prices produces a Paasche index.  The Fisher index utilizes the 

geometric mean of the two periods.  

Regarding the functional form to relate the weights, the indexes described so far imply a 

linear functional form. The Tornqvist index, represented in Equation 1-3, uses a logarithm form 

which is more flexible in reflecting a production technology.  

∑∑ ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛

nk X
Xss

Y
Yrr

TFP
TFP

0

1
01

0

1
01

0

1 ln)(
2
1ln)(

2
1ln

                                                          (1-3) 

By understanding the sources of productivity change, managers can focus attention on 

areas that seem weak. At the same time, by understanding the sources of these changes, policy 

makers, investors and other stakeholders can point to the most productive firms as examples of 

strong performance promoting the diffusion of best practice to all firms.   
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In Chapter 2, a comprehensive analysis of performance indicators and Total Factor 

Productivity measures is performed for the water sector in the Central America region. Chapter 2 

examines performance patterns across six countries, focusing on three performance indicators: 

operational, financial and quality. In addition, trends for 2002 to 2005 are examined by 

computing total factor productivity indexes for water utilities in each country. A central point in 

performing these calculations was the availability of data. The data collection procedure is given 

attention and is described in the Chapter 2.  

Frontiers 

A frontier approach has been widely used to analyze efficiency as a measure of a firm’s 

performance. The measure of efficiency is linked to the functional representation of production 

technology structure (Aigner and Chu 1968 and Lovell 1995). From production theory, an 

industry production function represents the relationship between input factors and output which 

underlines a specific production process technology such that maximum product is obtained from 

a combination of input factors within the industry environment.  

Conceptually, the industry production function is a frontier determined by the production 

process of those firms attaining maximum output with a set of inputs. Other firms in the industry 

fall short of the frontier due to the presence of production inefficiencies. Suppose a firm uses a 

set of inputs x= (x1, x2, .., xn) n
+ℜ∈ , available at prices w= (w1, w2,…..., wn ) ++ℜ∈ to produce 

output y +ℜ∈  in an industry environment characterized by exogeneous variables                      

z= (z1, z2,.., zj) jℜ∈ . Exogeneous or environmental variables are not controlled by the firm 

decisions. These environmental variables are characteristics of the firm, such as ownership, or 

features of the operating environment such as the country economic characteristics, competitive 

conditions or geographical characteristics where the firm is located.  
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A production frontier is represented by a function ++ ℜ→ℜℜ jn xf :  with a parameter 

vector β such that f(x, z; β) denotes the maximum output obtainable from input vector x in 

environment z.  If the firm minimizes costs, the dual of a production frontier is a cost frontier 

represented by a function +++++ ℜ→ℜℜℜ jn xxc : with the same parameter β such that              

c (w, y, z; β) denotes the minimum expenditure on inputs required to produce output y with input 

price vector w in environment z. In this context, the cost frontier represents the best that can be 

achieved in environment z so observed cost cannot be less than minimum possible cost, in other 

words ( , , ; )Tw x c y w z β≥ . The inequality leads to measures of inefficiency. In particular, cost 

inefficiency is measured by the ratio defined in Equation 1-4. 

 ( , , ; ) 1
( )T

c y w z
w x

β
≤          (1-4) 

Aigner, Lovell and Schmidt (1977), pointed out that the possibility of estimating a frontier 

as opposed to an average production function to examine firms’ performance came after Farrell’s 

(1957) pioneering work on efficiency. Farrell constructed an envelope isoquant for the industry 

production function. Murillo-Zamorano (2004) presents a comprehensive set of techniques to 

calculate or estimate frontiers. Previous work summarizing the methodologies related to frontiers 

and efficiency analysis include that by Kalirajan and Shand (1999) who review and compare 

methodologies for measuring technical efficiency.  

Following Murillo-Zamorano (2004), frontiers are classified as non-parametric, those 

where the frontier is not determined by a functional form, and parametric, those that have a 

specific functional form to specify the optimal frontier. Among the parametric frontiers, there are 

deterministic or stochastic frontiers, which considers the residual term including the presence of 

noise and inefficiency, and non-deterministic those that view the residual term comprised only 
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by inefficiency. Naturally, frontier techniques may yield different results due to the different 

underlying assumptions in determining the optimal frontier.  

Different frontier techniques are employed for examining the performance of water utilities 

in Central America in Chapter 2. In Chapter 3 a stochastic cost frontier is utilized to address the 

performance of water utilities in Peru. Chapter 4 utilizes the same frontier technique but now it 

includes different environmental variables. In addition, in Chapter 4 efficiency is calculated by 

means of a non-parametric frontier. Results from the efficiency calculation are utilized to 

examine the presence of efficiency drivers in the sector.   

Non-parametric Frontiers 

Data Envelopment Analysis (DEA) is the most commonly used non-parametric frontier 

methodology.  Charnes, Cooper and Rhodes (1978) were first to present the concept of the 

relative ranking of decision making units according to their efficiency. A DEA calculation 

determines simple relationships among variables. For example, utilities that produce far less 

output than other utilities, which are using the same input levels, are deemed to be relatively 

inefficient. This methodology is viewed as an “extreme point” method because it compares 

production of each firm with the “best” producers. A recent empirical study by Mathur (2007) 

utilizing DEA for the telecommunications sector of India provides a detailed and rigorous 

illustration of this methodology which is commonly applied in infrastructure to measure relative 

performance. Efficiency results from a DEA frontier are contingent to three main factors: 

• The composition (homogeneity) of the sample set of firms to be analyzed which is critical 
in determining the set of best producers to be compared with each firm   

• The set of selected inputs and outputs which establishes the comparison terms    

• The quality of the data since this methodology assumes that there are no errors 
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A DEA analysis consists of measuring the efficiency of any firm as obtained by the ratio of 

weighted outputs to weighted inputs subject to the condition that similar ratios for every firm are 

less than or equal to unity. This relationship is expressed mathematically in Equation 1-5. 
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Here, Y0, X0 are observed output and input variable vectors of the firm under evaluation; α 

and β are the weights to be applied to all units; i represents an input within a set of m, r an output 

within a set of s,  and j one of the n firms.  From Equation 1-5, possible values for the measure of 

efficiency, λ0, ranges from zero to unit. This means that each firm can weight inputs and outputs 

differently as long as the ratio of their linear combination is less or equal to one. The efficiency 

of firm zero is rated relative to all firms. It is general practice to utilize the dual expression of 

Equation 1-5 under a linear programming framework instead as it is shown in Equation 1-6. In 

this case, rho (ρ) is a vector of intensity parameters which allows for the convex combination of 

the observed inputs and outputs. In other words, for an inefficient firm the efficient level of each 

production factor gets expressed as a linear combination of these intensity parameters as weights 

of the production factors of the peer group.  
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The output from a DEA exercise is the proportion by which the observed inputs could be 

contracted if the firm were to operate efficiently. Intuitively this means that the same level of 

output can be produced with fewer inputs, so it is referred as an input efficiency approach. The 

implicit assumption is that managers minimize input usage given output level. In the economic 

literature, this is referred as the Farrell’s measure of input efficiency (Farrell 1957).  

Alternatively, the output efficiency approach considers the maximal proportional output 

expansion with the input vector held fixed, so managers maximize output given a set of inputs.  

Unless constant returns to scale are assumed, each of these approaches yield a different scalar 

value of efficiency. A comparison of results from input and output oriented models is found in 

Orea, Roibas and Wall (2004). A study by Banker, Cooper, Seiford, Thrall and Zhu (2004) 

addresses details and applications of input and output efficiency approaches under variable and 

constant returns to scale. 

For regulated industries, such as the water sector in Central America and Peru, an input 

approach is the natural option given that utilities most generally have service obligations to all 

customers under a fixed tariff. This approach implies that firms are fully capable of reallocating 

resources when improving efficiency. In Chapter 2, the DEA methodology is utilized to assess 

the utilities’ performance in the Central America water sectors in 2005.  A set of two inputs and 

two outputs was considered:  labor and network length, and volume of water and number of 

connections respectively. Robust performance comparisons require analysts to obtain 

comparable data across firms, select appropriate empirical methodologies, and check for 

consistency across different methodologies. In Chapter 4, a DEA approach is utilized for 

robustness check of the stochastic frontier model utilized in the performance analysis of the 

water sector in Peru. Technical efficiency is calculated for each year of the panel data set and 
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then regressed on the set of covariates utilized in the stochastic model to check for their 

explanatory power on efficiency.  

A Malmquist index measures the Total Factor Productivity change between two time 

periods utilizing the ratio of the distances of each data point relative to a common production 

technology. When calculating this index it is common practice to utilize DEA to calculate these 

distances. Following Fare, Grosskopf, Norris and Zhang (1994), and considering the input 

perspective already selected, a Malmquist technology change component based on the geometric 

mean of the considered periods is defined in Equation 1-7. 
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The first ratio term to the right of Equation 1-7 indicates a measure of input-oriented 

technical efficiency change for the analyzed period (the catching up effect or movement towards 

the frontier). Negative values indicate efficiency has declined over the period (the initial 

efficiency value is higher than the final value). Positive values indicate increased efficiency. A 

value equal to zero indicates no efficiency change. The term within brackets represents technical 

change calculated as the geometric mean of the shift in technology between two periods. It is 

important to notice that while a TFP index is calculated only on reference to a particular firm – a 

firm change of productivity over time – the efficiency change component of the Malmquist index 

is calculated with respect to the movement of a firm towards the optimal frontier which is 

determined by a group of firms.  This efficiency change component is calculated for the water 

utilities in Central America.  

Parametric Frontiers 

Finding key determinants of a firm’s performance requires knowledge of its production 

technology, or the particular way the firm selects inputs to produce a set of outputs.  This 
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knowledge translates into a functional mathematical form for the production technology which 

recognizes the relationship among factors entering the production process. Aigner et al. (1977) 

were first in introducing a stochastic frontier approach in parallel with Meeusen and Van den 

Broeck (1977). 

According to the frontier classification presented by Murillo-Zamorano (2004), depending 

on the specification of the error term a frontier may be deterministic or non-deterministic. A 

deterministic frontier views a firm’s deviations from the frontier as pure inefficiency whereas a 

stochastic frontier recognizes the presence of noise and measurement errors. The problem with 

the deterministic frontier is that the estimated inefficiency may be confounded with noise. In 

addition, any misspecification or missing variables are also considered as part of the inefficiency 

term. This can lead to biased estimates of the position and shape of the frontier surface. Jensen 

(2005) compares both approaches for cross section models and draws conclusions depending 

upon the size of the data set, technology functional form and whether the objective is to estimate 

accurate inefficiency levels or efficiency ranking.  

A stochastic frontier framework considers a two component disturbance term: the typical 

noise (v), a symmetric component, and inefficiency (u), which represents those factors under the 

firm’s control such as technical and economic inefficiency, the will and effort of the producer 

and his employees, and defective and damaged products. For the case of a cost function 

specification, u is added to the frontier, showing the cost inefficiency coming from actual cost 

being far from the minimum possible cost frontier. A stochastic cost frontier is estimated for the 

water utilities in Central America and in Peru.   
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Following Atkinson and Cornwell (1994), the general form for a cost frontier capturing 

input technical efficiency, which measures the potential each firm has to reduce cost (holding 

output constant), is specified in Equation 1-8.  

( , / ) min[( / )( ) | ( ) ] (1/ ) ( , )T
i i i i i i i i i i i i i i iC Y W u W u u X f u X Y u C Y W= = =                                          (1-8)                           

In Equation 1-8 the time subscript is been omitted for simplicity, Yi  is observed output of 

firm i , f is a production function, common to all firms, WT
i = (w1i , w2i  …,wji ) is a vector of 

input prices, Xi = (x1i , x2i  …, xji ) is a vector of inputs, and   ui , 0<  ui ≤ 1, is a parameter which 

measures the extent to which minimal input usage differs from actual input usage. The last 

equality in Equation 1-8 follows from the fact that a cost function is linearly homogeneous in 

input prices.  To reach the frontier each firm must lower cost by the amount specified in 

Equation 1-9. 

])/[( iii CuC −                (1-9) 

Applying natural logs to Equation 1-8, yields Equation 1-10. 

ln ( , / ) ln(1/ ) ln ( , ) ln ln ( , )i i i i i i i i i i i iC Y W u u C Y W u C Y W= + ⇒ − +                                            (1-10) 

Regarding the inclusion of time in the model specification, Cornwell, Schmidt and Sickles 

(1990) utilizes a quadratic functional form of a time trend variable included in the intercept; Lee 

and Schmidt (1993) includes in the intercept a time trend variable interacted with environmental 

variables.  Some authors such as Atkinson and Halabi (2005), Battese and Coelli (1995) and 

Atkinson, Cornwell and Honerkamp (1999) introduce the time variable twice: in the production 

function accounting for technical change and in the explanation of the inefficiency effect.  

Time is included in the intercept of the functional form of technology to account for 

technology changes in the analysis of the water sector of Peru. Although the water industry is not 

characterized by substantial or rapid technical changes as in the case of the telecommunications 
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industry, the eight year period under analysis is long enough to attempt to capture such an effect. 

In addition, to address the possibility of inefficiency changing over the eight year period, time is 

included in the econometric model following the functional form specified by Battese and Coelli 

(1992) for the inefficiency component, (uit ), which is defined in Equation 1-11.  

2exp[ ( )]; ~ ( , )it i iu u t T u iid Nη μ σ= − −                                                                 (1-11)                            

In Equation 1-11, the ui are assumed to be independent and identically distributed non-

negative truncations of the 2( , )N μ σ  distribution. Eta (η) is a scalar parameter to be estimated, t 

represents each time period within the T total number of periods.  With this specification, as t 

increases, uit decreases if η is higher than zero, remains constant if η equals zero and increases if 

η is less than zero. The first case suggests that firms have improved their level of efficiency over 

the time period under consideration. This specification assumes all firms have followed the same 

trend. This is restrictive but a reasonable assumption for the water sector in Peru since the group 

of utilities is delivering service under the same economic, social and political circumstances. 

Results from estimation support the hypothesis of inefficiency varying over time and following 

the specification in Equation 1-11. 

Explaining Inefficiency 

When the objective is to explain inefficiency in a stochastic model, the introduction of 

environmental variables requires elaboration. As it is been previously explained, in addition to 

output and input factors, environmental variables represent specific characteristics related to the 

environment where the utilities deliver service usually explaining production differences either 

across countries, regions or among firms. Firm specific characteristics are also referred as firm 

heterogeneity. In a panel data context unobserved firm heterogeneity is referred as the panel 

effect where a panel is comprised by observations for each time period for each firm. In a panel 



 

24 

data frontier analysis, unobserved inefficiency is usually treated as the panel effect. The work of 

Aigner et al. (1977) on frontiers was extended to the panel data case by Pitt and Lee (1981) and 

Schmidt and Sickles (1984). The estimation of a frontier panel data proceeds by first finding the 

best (minimum) cost-performer-year for each firm, in other words the best performer within each 

panel. The frontier consists of all identified best (minimum) cost performers.  

Empirical researchers have attempted to disentangle firm heterogeneity from inefficiency 

given that unobserved inefficiency may be confounded by unobserved firm heterogeneity 

(Greene 2005a, 2005b and 2004; Farsi, Filippini and Greene 2005; Hattori 2002).   

Coelli, Perelman and Romano (1999) point out that, when environmental variables are 

included in the technology functional form they affect the shape of the technology and the 

estimated residual includes a net measure of inefficiency. Otherwise, the estimated residual 

represents a gross measure of inefficiency.  The issue is all about how to include environmental 

variables in a model provided that they may explain observed inefficiency.  

To illustrate this point, consider a cost function, C, f(.) a technology function, Wit a vector 

of input prices, Yit a vector of outputs, and Zit a vector of environmental variables. The previous 

classification of inefficiency translates into Equation 1-12 and Equation 1-13. The parameters α, 

γ, φ are to be estimated and u and v represent inefficiency and noise respectively.     

( , , ; , , )it it it it itC f W Y Z α γ ϕ ε= +    and ititit vu +=ε                                                       (1-12) 

( , ,; , )it it it itC f W Y α γ ε= +  and ititit vu +=ε where it it itu Z ϕ ξ= +                                (1-13) 

According to Coelli et al. (1999), a net measure of inefficiency is obtained when the model 

is specified as in Equation 1-12 where the vector of environmental variables (Z) is included in 

the production technology functional form. A gross measure of inefficiency is obtained when the 

model is specified as in Equation 1-13 where the set of explanatory variables are directly 
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explaining the inefficiency term u.  If the environmental variables do explain inefficiency then 

they are correlated to the residual term in Equation 1-12. In this case the estimated coefficients 

are biased if using an Ordinary Least Squares estimator. A fixed effects estimator is more 

appropriate in this case given that it allows explanatory variables to be correlated to the residual 

term.   

In the case of specification defined in Equation 1-13 several aspects need to be considered. 

First, if the set of environmental variables do explain inefficiency using the right term of 

Equation 1-13 to estimate u then leaving these variables out of the left term specification of 

Equation 1-13 will produce a residual ε that includes missing observed inefficiency as well as 

unobserved inefficiency.  

Secondly, the use of a two step estimation procedure, first predicting Cit  under the 

assumption that the residual ε is identically distributed and then using the predicted inefficiency 

to regress the environmental variables contradicts the identical and independent distribution 

assumption previously made. Battese and Coelli (1993, and 1995) have reviewed the evolution 

of the literature regarding how inefficiency is estimated and they pointed out that a simultaneous 

estimation procedure is more appropriate given the issues previously discussed.  Either using the 

model in Equation 1-12 or 1-13, a robustness test is appropriate. This test can be performed by 

estimating or calculating the inefficiency term by a different methodology and then checking the 

explanatory power of the set of environmental variables.  

Ultimately, whether environmental variables directly explain firm’s possible inefficiency 

or if they have an effect on the technology shape is a matter of interpretation related to the 

specific objective of the analysis. In this study, a stochastic cost frontier is estimated for the set 

of water utilities in Central America and the municipal water utilities in Peru.  Environmental 
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variables are introduced in the intercept of the technology functional form assuming that 

unobserved inefficiency is not correlated to these variables. A robustness check is performed in 

Chapter 4 by calculating a DEA frontier to obtain inefficiency values and investigate the 

explanatory power of the environmental variables. 
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CHAPTER 2 
BENCHMARKING CENTRAL AMERICAN WATER UTILITIES 

The purpose of Chapter 2 is to analyze the relative performance of water utilities in the 

Central American region to identify best performers and areas of weakness in the sector. The 

results can help decision makers’ better direct investment funds into projects that will enhance 

performance in the water sector in this region. This study is part of a Public Utility Research 

Center project funded by the Inter-American Development Bank as part of a new investment 

program which considers the possibility of providing loans to water utilities without requiring 

sovereign guarantees. 

A limitation associated with studies of Central America is the scarcity of data related to the 

water sector. The first steps of the study involved examining existing data and defining a set of 

variables to be collected. Appendix A presents the description of the identified variables. This set 

of variables was kept simple and limited to reduce possible road blocks during the collection 

process. During the data collection process, some factors were found to be limiting and others 

were critical for the success of the process. These factors are described in the data collection 

process section.    

The subsequent steps of the study related to performance measurement. The basic concepts 

and methodologies were described in Chapter 1.  With key input, output, and quality 

information, basic performance comparisons can be made. A set of performance indicators 

commonly used among practitioners in the water sector was calculated to provide a very simple 

picture of the sector’s performance characteristics in the region. Some of these performance 

indicators were compared to those presented by the Association of Water and Sanitation 

Regulatory Entities from Latin America (Asociación de Entes Reguladores de Agua Potable y 

Saneamiento de las Americas, ADERASA) benchmarking task force in its most recent annual 
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report for Latin American countries (Informe Annual Benchmarking 2006; 

http://www.aderasa.org/es/documentos3.htm?x=753, last visit: 5/25/2008) . For information on 

the countries and regulatory authorities comprising this association see Corton and Molinary 

(2008). The availability of data from 2002 to 2005 allowed assessing performance in the region 

through the calculation of total factor productivity indexes.  

In addition, to provide a more specific picture of the efficiencies associated to production 

practices in the region, a production frontier using data envelopment analysis and a stochastic 

cost frontier were included in the analysis. Differences on some of the values obtained from this 

variety of performance measures are based on the different assumptions underlying each 

methodology. Appendix B explains the purpose of utilizing each methodology. A best performer 

was found consistently through the calculation of the performance methodologies. The following 

sections describe each major step conducted on the analysis of the water sector performance in 

this region.  

Data Collection Process 

The starting point of this study was to build a verifiable data base taking into account the 

data already available. To this end, the author requested and collected data from ADERASA and 

the International Benchmarking Network for Water and Sanitation Utilities (IBNET). The 

ADERASA data base is comprised of data that comes from the regulatory agencies in each Latin 

American country. This information is reported by some of the utilities in each sector but not all. 

Appropriate contact was established with these utilities to verify the existing data and to obtain 

missing values. In addition, Guatemala and El Salvador are not members of ADERASA, so data 

for these countries were collected for a first time. The adopted strategy for the collection process 

was incremental in the sense that data were sent to the source several times for verification. A 

new and refined data set for the water sector in Central America emerged from this process.   

http://www.aderasa.org/es/documentos3.htm?x=753�
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Nevertheless, only a subset of variables was used for the analysis because not all countries 

reported all variables in every year. Consequently, the number of observations was reduced to 

allow the data set to be comparable for all utilities and to include all countries. 

The total time spent for data collection was six months. Data owners’ response was slow 

for some utilities given ongoing political and institutional changes at the time. In addition, 

several factors were identified as affecting data availability within the region: the ongoing water 

sector restructuring, the low level of water infrastructure in place, and the low presence of 

information technology among the service providers.  

From an institutional point of view, Costa Rica, Panama and Honduras have independent 

regulatory agencies but El Salvador, Guatemala and Nicaragua still have central government 

bodies overseeing the water sector.  Some of these central government institutions are 

undergoing restructuring such as the transfer of sector responsibilities to municipalities. Some 

countries have just finished a major restructuring of this type. Because these changes generally 

imply changes within the company staff, the flow and registering of data may get interrupted, 

affecting data collection procedures. 

El Salvador, Honduras and Nicaragua show a low level of infrastructure in place. This 

promotes the presence of a large number of local independent water providers which complicates 

the data collection process. Solo (1998) provides a detailed description on the role of these 

independent providers within the water sector of Latin American countries.  

 Overall, the water sector in this region is fragmented given the decentralization of service 

provision into municipalities. For instance, for Honduras, with 271 municipalities, and for 

Guatemala with more than 300 municipalities the difficulty in assembling a comprehensive data 

set is evident. Consequently, available data came from the municipalities serving the largest 
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cities. This fragmentation greatly hampers performance analysis for the water sector in this 

region.  

Finally, the development of information technology is central to any data collection 

initiative. To frame the status of the region on this matter, the information and communication 

technology (ICT) diffusion index utilized by the United Nations Conference on Trade and 

Development (UNCTAD) is utilized (UNCTAD 2006).  More specifically, the ICT index 

includes a connectivity index to measure technology infrastructure development. This 

connectivity index includes per capita number of Internet hosts, number of PCs, number of 

telephone mainlines and the number of mobile subscribers. The connectivity index for 2005 was 

0.75 for the United States. In the same year this index was 0.20 for Costa Rica; 0.10 for El 

Salvador and Panama; 0.08 for Guatemala and 0.04 for Honduras and Nicaragua. Information 

technology is the core to any structured data collection procedure.   

The availability of an information system specific for the sector is crucial for any data 

collection process. Initiatives in this respect are only incipient. In 2004, a workshop hosted by 

Peru with participation of several Latin American countries representatives from the water sector 

gathered initial ideas and directed some efforts into the development of a water sector 

information system common to the region. A similar initiative hosted by El Salvador developed 

in late 2006.  

The presence of technology is necessary but not sufficient for improved information on 

water utility performance.  When designing rules for the sector, the government needs to 

consider not only the utilities, the main entity responsible for collecting appropriate data, but also 

the role that each stakeholder plays in the flow of data within the sector. For instance, the 

reporting of data to the regulator from the utilities needs to be stated by law and not taken as an 
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informal relationship between the parties.  In the same way it is important to establish formal 

communication channels among all the sector stakeholders, such as environmental or municipal 

development agencies, in a way that data collection programs and possible data repositories are 

well identified and efforts are not duplicated. 

Because data from all service providers are not available for this study, knowing the share 

of the population served with respect to total country population, known as service coverage, 

permits identification of the comprehensiveness of this study. Table 2-1 summarizes the share of 

water coverage for each country. Costa Rica, Guatemala and Honduras are represented in the 

analysis by two service providers of different sizes, which are going to be referred as the small 

and large providers for each of these countries. The rest of countries are represented only by one 

operator.  

Sector Performance Indicators 

An initial step in analyzing performance is to calculate the most commonly used 

performance indicators in this sector.  These have been classified in this study as operational, 

financial and quality indicators. Since they are benchmarked against those indicators calculated 

by the ADERASA Benchmarking group, their definitions are kept the same to maintain 

consistency across the region. 

In general, the extent of water service provision can be measured by volume of water, 

number of connections and population served. These factors provide a good picture of the size of 

the company providing service. Overall, in the Central American countries the water utilities can 

be broadly classified as small, medium and large. Figure 2-1 shows average volume of water 

delivered, water billed and lost for 2002 to 2005. From a volume of water point of view, Panama 

has the largest provider. Note that for this group of countries and in general in Latin American 
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countries, volume of water lost usually referred as non-revenue water, represents a large portion 

of water produced. 

Figure 2-2 depicts average number of water and sewerage connections and water 

connections with meters. El Salvador has the larger system from a number of connections point 

of view.  On average, the small proportion of sewerage connections relative to water connections 

may suggest cost restrictions to expand the sewerage systems in this region. In addition, the level 

of metering varies among countries suggesting not only the possibility of cost restrictions but 

also the different social acceptance of this practice.  

The population dimension is shown in Figure 2-3 which depicts the variation of the mean 

coverage values among service providers for these countries. Although Panama and Costa Rica 

provide the largest volume of water delivered to customers, their number of connections and 

amount of population served is smaller than that of the water provider in El Salvador the largest 

provider from a water volume perspective.  This illustrates some of the differences among 

countries’ water systems. 

The availability of several years of data allows us to analyze the changes occurring in the 

number of connections and network length which imply system expansion at different stages of 

the investment cycle. Clearly, national priorities and funding sources affect the pace and pattern 

of system expansion.  Figure 2-4 show changes in the number of water connections and network 

length occurred from 2002 to 2005 to illustrate system expansion as shares of total system 

expansion for each country. The service provider from Guatemala shows a higher increase in 

network length with respect to that of number of connections. This may suggest a system 

expansion of the transportation segment where pipes but not connections are added as opposed to 

an expansion of the distribution segment where pipes and connections are both added. 
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Alternatively it may indicate earlier stages of the distribution network expansion where 

customers have not been connected yet.  The service provider from Nicaragua presents an 

opposite situation. Here the increase in the number of connections is higher than the increase of 

length of network. This may be explained by connections added to satisfy commercial and 

industrial customers who generally do not add to population served.  

Operational Indicators 

Water lost or non-revenue water reflects deficiencies in either operational or commercial 

practices. The extent of water losses may reflect a cost tradeoff between increasing water 

production and repairing network leaks to keep up with water demand. In other words, to satisfy 

demand, managers may find it more costly to repair leaks and to control water losses than 

increase water production. Pipe leaks on the transmission segment require costly maintenance 

outlays, particularly on long or dispersed networks. Operational water losses arise in transit 

while in the transport or distribution network, and are calculated as volume of water produced 

less water delivered to the distribution network, expressed as a fraction of the volume of water 

produced.  

Referring to the distribution system, water losses may be either due to water theft, 

representing commercial losses, or to leakage from pipes. Given the characteristics of this sector 

it may be difficult for firms to control commercial losses if doing so entails denying the service 

to the poorest segments of the population. For the distribution network, water losses are 

measured as the difference between water delivered and water billed.  Another way of viewing 

this indicator is to calculate the ratio of water billed to water delivered to the distribution network 

which is referred by the ADERASA benchmarking group as an indicator for commercial 

efficiency.  For utilities in the Central America sample, this indicator is equal to 55% which is 

higher than the ADERASA value of 40%. 
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The metering indicator is calculated as the ratio of the number of connections with an 

installed meter to the number of total connections. Meter acquisition and installation costs are 

high.  In some countries there is a direct allocation of metering costs to the consumer, which 

generally translates into higher tariffs and/or connection fees. The higher is the level of metering, 

the higher the possibility of identifying water losses, the more accurate will collection 

information be and as a consequence, revenues may be higher. Overall, metering median value is 

56%, which is lower than the 75% median value for ADERASA members. 

Service coverage is calculated as the ratio of population with water service to total 

population in the area of service of the utility. The median value for water service coverage in 

this region is 90% which is close to the ADERASA value of 89%. There is a noticeable coverage 

gap between large and medium-small utilities. In Central America, coverage is equal to 92% for 

large firms, 66% for medium firms and 85% for the small utilities group.  

Water companies with a similar scale, measured by number of connected properties, may 

have different costs due to differences in network characteristics, such as length. Larger firms 

could have lower costs due to a large amount of customers per kilometer of pipe, rather than due 

to scale economies originated from total output.  To explore this issue, network density, 

measured as the ratio of the number of connections to network length is the performance 

indicator considered in this analysis. The median value for network density equals 95 for utilities 

in Central America. Larger firms have denser networks than medium and small firms. Figure 2-5 

shows average values for coverage and network density from 2002 to 2005.  

The low coverage and high network density values found for the Guatemala utility suggest 

that the system may be expanded by increasing the length of network to reach out under-served 

populated areas. The low coverage and low network density found in Honduras may indicate that 
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the system can be expanded by adding more connections to satisfy underserved population in the 

area.  

The ADERASA benchmarking group utilizes the ratio of volume of water billed to 

population with water service as an indicator for water consumption.  The median consumption 

value for the region equals 219 liters per person per day, which is slightly higher than the 

ADERASA value of 172. The group of smaller companies is characterized by a higher 

consumption level of 323 liters per person per day as opposed to a lower value of 222 satisfied 

by larger firms. Figure 2-6 depicts this indicator. 

The number of workers per one thousand connections is used in the water sector literature 

as signaling labor efficiencies or inefficiencies. A large value suggests the company is using a 

higher than efficient number of workers on its production process.  The median value for this 

indicator equals 6.6, which is twice the value found for ADERASA members suggesting high 

labor inefficiencies. Note that the number of workers considered for this indicator is a total figure 

which includes the number of workers under a contract agreement.  These workers do not have 

any of the salary benefits provided by the company. Table 2-2 summarizes average values for the 

operational performance indicators from 2002 to 2005.   

Financial Indicators 

Financial indicators in this sector are expressed in currency amounts per connection or 

cubic meters of water. Operating costs for this region include labor and energy costs, chemicals, 

administrative and sales expenses.  Depreciation and finance expenses are considered to be part 

of total costs. On average, operating costs are $91/connection.  Figure 2-7 shows average 

operating costs per connection and its relationship to average network density for the analyzed 

period.  Higher values of network density are associated with lower values for operating costs 

per connection. Average operating cost per cubic meter of water delivered per utility is depicted 
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in Figure 2-8. The median operating cost per cubic meter is $0.10, half the cost of ADERASA 

member countries.  

For the large group of the utilities in the region, the median administrative expense per 

connection equals $27, whereas it is $34 for the small group. Both values are lower than the 

similar indicator for ADERASA members which equal $47.  Table 2-3 summarizes average 

values for the financial indicators between 2002 and 2005.  

Table 2-4 presents a summary of percentage changes for some of these indicators from 

2002 to 2005. Changes in operating costs for 2002 to 2005 are of small magnitude. Costa Rica 

displays a significant increase in cost of workers (54%) and administrative expenses (51%) 

which may explain the increase in its operating costs with respect to that of other utilities. On the 

other hand, Panama’s increase in operating costs (18%) may be explained by an increase in 

energy costs (54%). El Salvador displays a decrease in administrative expenses (18%) which 

may explain the decrease of its operating costs (10%).   Service providers which presented an 

increase in energy costs may be reflecting a combination of increases in input prices and greater 

utilization of energy inputs to service larger systems.  Significant increases in cost of workers 

could be due to an increased focus on hiring professionals with managerial skills.  

Quality Indicators 

Compliance with water quality standards has a median value of 95.96% for utilities in 

Central American countries. Continuity measured as the number of hours with water service 

ranges from 20 to 24 hours on average per year. Number of complaints per connection (median 

value per year) is similar for both ADERASA and Central American utilities (0.21). The median 

annual number of leaks per km of pipe is 2.53 for ADERASA members, almost half the value 

found on Central America countries, 5.19. This suggests a lower degree of pipes service 

maintenance for Central America water networks compared with the Latin American set of water 
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networks.  This also explains the higher value of water lost in the Central American water 

utilities compared to this value for utilities in Latin America. Table 2-5 shows average annual 

values for the quality indicators discussed during the period 2002 to 2005. 

Total Factor Productivity Analysis 

The basic idea behind a Total Factor Productivity (TFP) index is to know how much output 

is produced for a given level of inputs. Four alternatives for calculating TFP indexes are 

considered for the Central American water sector, which have been already defined in Chapter 1: 

1) the Laspeyres index which considers the initial set of prices as the base period; 2) the Paasche 

index which utilizes the final period prices; 3) the Fisher index which uses the geometric mean 

of the two periods; and 4) the Tornqvist index which uses a logarithm functional form to express 

the inputs and outputs relationships.  

Defining the weight of outputs for calculating these indexes requires detailed information 

on the production technology of these companies as well as more specific data.  In order to 

simplify the analysis such that weights for the outputs are not needed, two sets of TFP measures 

are calculated:  one considering volume of water billed as the output and another considering the 

number of connections. As in most empirical studies related to the water sector, labor and energy 

are the input factors under consideration. However, not all service providers reported energy 

volume which limited the calculation of these indexes only to a subset of utilities. The weights 

for the input factors are calculated as the ratio of their respective costs relative to operating costs.  

See Table 2-6 for obtained results. 

The Laspeyeres, Paasche and Fisher TFP indexes yield similar results. This may be 

explained by the fact that the length of period is short which produces only a small variation 

when calculating the weights for the different indexes. All companies are more productive from 

the view point of number of connections as opposed to volume of water billed. Panama is the 
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only country displaying increased productivity over the period when considering both number of 

connections and volume of water.  The productivity increase for Panama ranges from 31% to 

53%.  Nicaragua displays a very small decrease in productivity ranging from 2% to 5%. Finally, 

El Salvador depicts a small productivity decrease ranging from 6% to 17%.  Presumably, 

increases in TFP should track decreases in average cost if all the other factors of production 

besides labor and energy remain constant.  The service provider for Panama is expected to 

perform better with respect to other providers in the frontier performance assessment.  

Data Envelopment Analysis (DEA) 

This section examines each firm’s relative technical efficiency in 2005 using Data 

Envelopment Analysis (DEA). As in the case of TFP indexes, DEA assumes that the data 

contains no measurement errors.  A difference with respect to the TFP analysis is that the DEA 

methodology allows us to consider a linear combination of outputs and inputs for the production 

process without specifying their weights. Rather, these weights are calculated with respect to the 

combination of these factors found on best producers.  

A DEA model collapses into the selection of an appropriate set of inputs and outputs 

involved in the production process. For the Central American water sectors, labor and capital are 

selected as input factors and volume of water billed and number of connections are the outputs. 

The amount of energy utilized in the production process was used in the calculation of the TFP 

indexes and is generally used as an input factor in the production process of water utilities. 

However data availability is limited for this set of companies. To include all firms in the 

calculation of the frontier, length of network instead of volume of energy is considered as input 

factor.  Network length is utilized as a proxy to represent capital in the infrastructure empirical 

literature. The rationale for doing this is the high amount of capital necessary to lay down pipes 
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compared to capital needs for pumps and treatment facilities. Labor is represented in the model 

by the amount of total workers.  

Even when the inefficiency or efficiency of a service provider may be due to its production 

process per se, a firm can be favored or hindered by country specific circumstances. Indeed, 

when considering several countries a major challenge is to appropriately account for each 

country’s political, social and economic differences.  The empirical literature on cross country 

studies for the water sector is limited. Clarke et al. (2004) utilize GNP per capita when analyzing 

the impact of private participation in the water sectors of Brazil, Argentina and Bolivia. In the 

electricity sector, Estache, Rossi and Ruzzier (2004) utilize GNP per capita on a DEA and 

stochastic frontiers to account for countries’ differences when assessing efficiency for South 

America’s main electricity distribution companies. Zhang et al. (2007) utilizes GDP per capita in 

a stochastic model to assess the impact of privatization, regulation and competition on the 

performance of utilities in the electricity sector of 36 developing countries over a period of 18 

years. A study by Estache and Rossi (2008) considers GDP per capita among a set of covariates 

to capture country particularities on a difference in differences analysis of the electricity sector 

across 51 developing countries. 

The World Bank utilizes the level of gross national income calculated by the Atlas method 

to classify economies and set the lending eligibilities. The GNI adds to the GDP the income 

received from other countries, less similar payments made to other countries. The Atlas method 

uses a three year average of exchange rates to smooth effects of transitory exchange rate 

fluctuations.  The assumption in this study is that variations of country’s GNI may impact the 

performance of water utilities since this variable captures country specific economic 
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circumstances affecting production practices of these firms. Under a DEA framework, a way to 

examine this influence is to include GNI as an “additional resource” to the utility.  

Utilities in this region have different sizes so it is appropriate to account for firms’ scale 

when measuring efficiency. A variable returns to scale approach allows increasing or decreasing 

efficiency based on the size of the firms. Alternatively, a constant return to scale approach means 

that firms are able to linearly scale the inputs and outputs without increasing or decreasing 

efficiency. The ratio of the efficiency value produced by a constant returns approach to the 

efficiency value calculated from a variable returns to scale approach produces a scale impact 

value. Table 2-7 shows results for the DEA technical efficiency values under the variable returns 

to scale approach considering three options. Each option is based on utilizing a different set of 

input factors. The first column corresponds to efficiency results when utilizing only labor. The 

second column shows the efficiency result when using labor and network length and in the third 

column efficiency results consider GNI. The last three columns of the table present the scale 

effect for each of these model alternatives.  

Overall, higher efficiency values are obtained when including network length and 

subsequently adding GNI. The interpretation of results is based on the third column which 

includes the three inputs discussed. Including all the input factors implies considering more 

production characteristics which improves the quality of results.  

Efficiency results on the third column of Table 2-7indicate that the service providers in 

Panama, El Salvador, Nicaragua, and the small providers in Costa Rica, Guatemala and 

Honduras are all 100% efficient. Efficiency is equal to 63% for the large provider of Costa Rica. 

This means that this utility could produce the same output with approximately 63% of its 

resources (labor, network length and GNI). This result also means that this provider is only 37% 
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inefficient. This value is obtained by subtracting 63% from 100%. According to values obtained 

from scale impact calculations,   44% of the efficiency value for the utility in Honduras comes 

from considering its size. 

Figure 2-9 shows labor as the input factor on the x axis and number of connections as the 

output on the Y axis. This graph shows only one dimension of the frontier since the other input 

and output factors are not shown. Nevertheless, it gives an idea of each country relative position. 

For instance, El Salvador, and Nicaragua produce a very similar amount of connections. 

However the amount of labor differs widely. While El Salvador is found 100% efficient, 

Nicaragua can work with 60% of its labor amount if considering labor the only input factor. 

Costa Rica and Nicaragua levels of efficiency are very close (62% and 59% respectively).  

Obviously, these efficiency results exclude a number of factors affecting production 

conditions such as hydrology, total population, geography, topology, service quality levels, and 

other elements affecting the production process.  Nevertheless, these results provide a first cut at 

evaluating relative performance when considering number of workers and size of the network to 

produce water and water connections.  

Further understanding a DEA analysis requires considering the efficient input and output 

target levels for inefficient firms, which correspond to decreases in inputs and increases in 

outputs with respect to the level of inputs and outputs of the respective peer group. The rationale 

for this is that in some cases, the decrease in inputs is not enough to bring a company to the 

frontier, so an increase in output is also necessary. According to DEA results, the large provider 

from Costa Rica and Honduras need to reduce labor and increase actual volume of water. 

In this DEA analysis, only data from 2005 were utilized. The Malmquist technical 

efficiency change component for the period 2002 to 2005 is calculated for all firms except for the 
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large service provider from Honduras. The utilities from El Salvador, Nicaragua, and the small 

utilities from Costa Rica and Honduras show no change in technical efficiency over the period. 

The utilities from Panama and Guatemala show an increase in efficiency of 8% and 3% 

respectively.  The large service provider from Costa Rica shows a decrease in efficiency of 2%. 

Stochastic Frontier 

This section examines cost efficiency by statistically estimating cost relationships 

according to input prices, given a level of output produced. The ideal framework would be to 

completely specify a cost function including outputs, input prices and those specific factors 

capturing possible cost differences among firms and countries. The limitation associated with 

data availability restricts the analysis to the inclusion of only four explanatory variables in the 

economic model.  

The merit of performing this econometric exercise is to provide a general approximation 

for the ranking of firms, not the level. In addition, this methodology recognizes the presence of 

data errors which is an important element for the Central American analysis. The DEA approach 

considers efficiency with respect to the best performers, given the variables selected whereas an 

estimated cost frontier is a measure of central tendency considering all firms not just those on the 

frontier.  

The economic model is a cost function specified by volume of water billed (VolBil), price 

of labor, price of energy, and GNI. Operational costs plus administrative expenses divided by the 

number of connections comprise operating costs per connection which is the dependent variable. 

All variables are normalized by the number of connections, to control for firm size. The price of 

labor (LabPrice) is equal to total cost of workers divided by total number of workers. The price 

of energy (EnegPrice) is total energy expenses divided by length of the network. The economic 

model translates into Equation 2-1 (time and firm specific subscripts are omitted for simplicity).  
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Pr PrL EUnitOpCost GNI VolBil Lab ice Eneg iceα ϕ γ β β= + + + +                               (2-1) 

In Equation 2-1, α, φ, γ, βL, and βE are parameters to be estimated. All variables are in 

natural logarithm form. The data set is an unbalanced panel for the period 2002 to 2005. 

Empirical researchers often introduce a time trend in the model to capture possible technology 

shifts due to technological changes.  Given the short period of time plus the limitation on the 

number of explanatory variables, GNI instead of a time trend is included to capture possible 

economic shocks occurred over the period. Nevertheless, time is included in the estimation of the 

cost frontier to explain possible changes of efficiency over time. The maintained assumption is 

that these countries have changed efficiency behavior over time, independently. A stochastic cost 

panel data frontier specified by the model in Equation 2-1 plus the idiosyncratic error term (v) 

which is independently and identical distributed as ),0(~ 2
vN σ  and independently from 

regressors is estimated. The only panel-specific effect is the random inefficiency term (u). The 

frontier estimator assumes the effects (error term) are not correlated to the explanatory variables. 

Inefficiency was allow to vary with time according to the Battese and Coelli (1992)’ 

specification for inefficiency. However, the coefficient for the parameter η was not statistically 

significant which implies that inefficiency has not changed over time and it does not follow an 

exponential path. According to estimation results, the operating costs for the region are 

represented by the Equation 2-2 (standard errors are in parenthesis). 

( 5.3) 0.1* 0.6* 0.7* Pr (0.1)* PrUnitOpCost GNI VolBil Lab ice Eneg ice= − − + + −       (2-2) 
                          (1.81)   (0.08)         (0.12)              (0.12)                      (0.07) 
 
The signs of coefficients are as expected and the statistical significance is high for the 

output variable and price of labor indicating a high economic impact on costs. Energy price and 

GNI are not statistically significant.  



 

44 

An increase of 1% in volume of water per connection produces an increase in unit costs of 

approximately 0.6%. An increase in price per worker per connection of 1% produces an increase 

in unit costs of approximately 0.7%. Price of labor provides the highest impact on costs from 

relative to the effect of other variables. Increasing volume has a less than proportional increase 

effect on costs. On average it indicates the presence of economies of scale in the region.  Table 

2-8 shows country ranks according to how far each firm is from the cost frontier and possible 

reduction of operating costs by 2005. This reduction is calculated as the ratio of the estimated 

inefficiency to actual operating costs. 

The differences between results from the DEA frontier and the estimated cost frontier can 

be explained by the fact that when calculating the DEA frontier we were looking at a contraction 

of inputs for a given level of output. A cost frontier looks at minimizing costs given input prices 

and output. When assuming the minimum set of inputs for a given level of output, the DEA 

abstracts from other factors influencing the production process, such as the price of inputs 

included in the cost frontier. However, Panama is been consistently the best performer for all the 

methodologies. Performance differences for the other countries should be considered on a case 

by case basis. 

Concluding Observations 

A major contribution from this study is the creation of a unique data base and a 

comprehensive data collection process.  Considering total water service coverage in the region 

the data collected is very representative from a sector wide perspective. The quality of the data 

set is good in the sense that it came from and it was reviewed and certified by data owners.  

A major conclusion from this analysis points towards additional efforts for improving data 

collection procedures in the region. Besides the scarce presence of information technology 

limiting record keeping within these utilities, difficulties also may be due to the fragmented 



 

45 

service provision in some countries. A higher level of coordination is needed if data are to be 

collected and trends analyzed.  Such an initiative may require an analysis of stakeholders’ 

responsibilities regarding monitoring and storage of data. Coordination is needed among 

stakeholders regarding what and how to collect data. Information technology is central to any 

structured data collection procedure: the availability of an information system specific for the 

sector is crucial for any data collection process within this region. Government, policy makers 

and fund providers need to consider the role of technology improvement in the region. 

In the process of identifying segments of the industry with no data, policy-makers, 

regulators and managerial staff have been encouraged to expand efforts to seek disaggregated 

data. Such data are necessary for further quantitative analysis, providing more complete 

information regarding sector performance.  This study is comprehensive, ranging from the 

examination of the water sector structure characteristics of each country to individual firm 

performance behavior under very specific scenarios.  

A set of methodologies was utilized to assess sector performance, such as performance 

indicators, total factor productivity analysis, production and cost frontiers.  The role of 

benchmarking is fundamental for assess the better allocation of resources. Making comparisons 

based on individual indices is fraught with difficulty.  Nevertheless, benchmarking techniques 

that draw upon performance indicators is an important step towards improved understanding of 

the efficiency behavior of water utilities. 

Focusing now, on the results for countries in Central America, the relative small number of 

sewerage connections compared with water connections may reflect costs restrictions in the area. 

The study did identified different stages of the investment cycles for the group of countries. 

Overall, system expansion seems to be in balance in terms of adding more connections or more 
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pipes to the network. Guatemala and Nicaragua are characterized by different behavior. 

Guatemala seems to be adding more pipes and Nicaragua more connections. While the former is 

trying to reach under-served areas, the latter is trying to satisfy local customers demand. 

Investment for these two types of systems expansion is different. Adding more pipes require 

higher levels of capital than adding only connections.   

The amount of non revenue water is higher in Central American countries (55%) with 

respect to that on Latin American countries (40%). This may be a consequence of poor metering 

systems as it is reflected in a 56% metering value for these countries with respect to a 75% for 

the sample of ADERASA Latin American countries. It may also be explained by the amount of 

pipe leaks which is very high when compared to the same indicator for Latin American 

countries.  

Large firms have denser networks than smaller firms, reflecting the low investment 

capacity of small providers. Guatemala shows a low level of coverage compared to its high 

network density which is consistent with the extension of its network system through adding 

more pipes as it was previously mentioned. In Honduras, the low coverage ratio and network 

density implies that the expansion of the system should be through adding more connections to 

satisfy under-served population in the area. Water consumption is higher in Central American 

countries when compared to Latin American countries which reflect abundant sources of water 

in the region. Labor inefficiencies are twice those found in Latin American Countries.  

On the financial side operating costs per cubic meter of water are half the value found in 

Latin American countries. Administrative expenses are found to be higher in small firms.  

Changes in operating costs over the period are reflecting changes in energy costs, as in the case 

of Panama, or labor costs as the case of Costa Rica.  
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When trying to assess changes over the period, calculating different total factor 

productivity indices yield similar results given the short period analyzed. Panama is the only 

country displaying an increase in productivity when considering labor and energy as input 

factors over the period 2002 to 2005. The service provider for this country coincides in showing 

an increase in efficiency as a result of calculating the Malmquist efficiency change component. 

Nicaragua is the country within the group with a small decrease on efficiency change (2%).  

When calculating a technical frontier for 2005 by means of the DEA methodology, higher 

efficiency values are obtained from models that include GNI as an additional input factor. The 

sensitivity of results to the inclusion of the GNI variable illustrates the importance of country 

characteristics in explaining efficiency within the region. It was also important to consider the 

scale of the service providers as it was reflected by the large scale impact values.  

Results indicate that the service providers in Panama, El Salvador, Nicaragua, and the 

small providers in Costa Rica, Guatemala and Honduras are all 100% efficient. Part of this 

efficiency for El Salvador, Nicaragua and the small providers is due to their scale. The fact that 

such a large number of firms are found to be 100% efficient indicates that the group of firms is 

not heterogeneous enough in the sense that the set of input and output factors considered are not 

sufficient to explain possible production differences among these countries.  

Results from the stochastic cost frontier estimation indicate that when considering output 

and input prices, the highest impact on operating costs per connection comes from labor prices. 

Estimated firm’s ranks according to how far is each firm from the cost frontier shows Nicaragua 

as the most efficient firm. The service provider from Panama is ranking number 2 which 

coincides with the fact that its service provider is positioned as the best performer from other 

methodologies. The ranking of other providers need to be assessed on a case by case basis since 
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some results are contradictory. Data limitations affect model specification:  not all elements 

affecting cost are in the model.  

For regulatory agencies, related government institutions, and funding agencies, this study 

may contain additional information for their strategic planning and decision making processes. 

This study should be viewed as a first step in the analysis of water utilities in Central America.  

As data from additional years become available and more utilities provide information, analysts 

will be able to conduct much more thorough analyses of sector performance.  Hopefully, the 

results presented here will serve as a catalyst for more comprehensive data collection/verification 

initiatives in the region and for additional quantitative studies.  
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Table 2-1. Share of water coverage within country by 2005  
Country Share of Coverage   
Costa Rica 51%   
El Salvador 94%   
Guatemala 10%   
Honduras 20%   
Nicaragua 52%   
Panama 66%   
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Figure 2-1. Average volume of water delivered, billed and lost from 2002 to 2005 
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Figure 2-2. Average number of connections from 2002 to 2005 
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Figure 2-3.  Average population with water service and total population in the area from 2002 to 

2005 
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Figure 2-4. Average changes in number of water connections and network length from 2002 to 

2005 
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Figure 2-5. Average coverage and network density from 2002 to 2005 
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Figure 2-6. Average volume of water billed and water consumption from 2002 to 2005 
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Table 2-2. Operational performance indicators by 2005 

 Vol 
Del 

Vol    
Lost 

Num  
Conn Met Vol 

Del 
Pop 
Serv Cov Net 

Length 
Net 
Dens 

work/ 
1000 

 
Country/Units 

Mill
m3 

 
% 

 
Miles 

 
% 

Per 
Person 

 
Miles 

 
% 

 
Km 

Conn/ 
km Conn 

Panama 452 58 448 41 126 2,004   92 4,727   95   5.6 
Costa Rica-L 305 49 457 94    76 1,978   99 6,437   71   6.7 
El Salvador 259 - 619 55    84 3,093   90 4,391 141   4.2 
Nicaragua 257 44 457 48    39 2,870   91 4,604    99   6.7 
Guatemala-L 122 55 195 84    81 1,045   93 5,013 128   7.5 
Honduras-L   75 63 105 35    67    707   69 2,800    38 10.5 
Costa Rica-S   28 55   48 97    66    228 100    678     71   2.5 
Honduras-S   10 44   11 77 157      53   71      77 144   6.6 
Guatemala-S    7.6 -   10 56 183      42   72    232   42   9.6 
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Figure 2-7. Average operating cost per connection and network density from 2002 to 2005 
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Figure 2-8. Average operating cost per cubic meter from 2002 to 2005 

 
Table 2-3. Summary of finance indicators-average values from 2002 to 2005 

Country OpCost LaborCost EnergyCost AdmExp FinExp OpCost/Connection 
Units $/m3 $/m3 $/m3 $/m3 $/m3 $ 
Panama 0.10 0.04 0.04 0.03 0.004 103       
Costa Rica-L 0.14 0.07 0.02 0.07 0.041 91 
El Salvador 0.05 0.01 0.01 0.03 0.006 21 
Nicaragua 0.11 0.07 0.06 0.04 0.027 61 
Guatemala- L 0.22 0.07 0.12 0.03 0.034 138 
Honduras-L 0.28 0.11 0.03 0.00 0.000 201 
Costa Rica-S 0.09 0.02 0.02 0.06 0.022 51 
Honduras-S 0.10 0.03 0.02 0.01 0.000 89 
Guatemala-S 0.08 0.05 0.06 0.03 0.000 66 

 

Table 2-4. Percentage of change values from 2002 to 2005  
Country VolW Pop Number Net Cost of Energy Admin Op 
 Deliv Served Connect Length Work Costs Exp Costs 
Panama 17% 6% 24% 26% 2% 54% -22% 18% 
Costa Rica-L 2% 27% 17% 13% 54% 15% 251% 25% 
El Salvador -11% 7% 7% 0% 8% 2% -18% -10% 
Nicaragua 11% -4% 14% 5% -1% 14% 17% 4% 
Guatemala-L 1% 24% 4% 10% 1% 16% 95% 18% 
Honduras-L 0% 0% 0% 0% 0% 0% 0% 0% 
Costa Rica-S 12% 10% 10% 7% 16% 109% 45% 29% 
Honduras-S 14% -4% 30% 38% 57% 18% 297% 315% 
Guatemala-S 0% 0% 0% 0% 0% 0% 0% 0% 

$/m3 
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Table 2-5. Summary of quality indicators- average values from 2002 to 2005 
 Quality Continuity Complaints Leaks   
Country/ Units   /Connect /km   
Panama 69 21 0.03 6   
Costa Rica-L 98 24 0.70 3   
El Salvador 90 0 0.20 10   
Nicaragua 100 20 0.24 3   
Guatemala -L 100 9 0.01 5   
Honduras-L 100 7 0.13 0   
Costa Rica-S 99 24 0.30 22   
Honduras-S 98 24 0.13 12   
Guatemala-S 0 22 0.11 5   
 

Table 2-6. Total factor productivity indexes from 2002 to 2005  

Index Laspeyres, Paasche &Fisher TFP           Tornqvist  

Output Variable Volume #Connect Volume #Connect  

Panama  51%  53%  31% 32%  

El Salvador -17%  -6%   -9%   0  

Nicaragua  -5%   1%   -5% -2%  

 
 
Table 2-7. DEA technical efficiency and scale impact on efficiency for 2005 

   Variable 
Returns    Scale Impact on 

Efficiency  

Inputs Labor Labor Labor Labor Labor Labor 
  Netlength Netlength  Netlength Netlength 
   GNI2005 GNI2005 GNI2005 
Panama 1.00 1.00 1.00 1.00 1.00 1.00 
El Salvador 1.00 1.00 1.00 0.73 1.00 1.00 
CostaRica-L 0.62 0.62 0.63 0.60 0.92 1.00 
Nicaragua 0.59 0.70 1.00 0.59 0.99 1.00 
Guatemala-L 0.52 0.85 0.85 0.72 0.98 1.00 
Honduras-L 0.34 0.38 0.99 0.99 0.97 0.44 
CostaRica-S 1.00 1.00 1.00 1.00 1.00 1.00 
Guatemala-S 1.00 1.00 1.00 0.62 0.62 0.62 
Honduras-S 1.00 1.00 1.00 0.39 1.00 1.00 
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Figure 2-9. Number of connections and workers by 2005 

 
 
Table 2-8. Efficiency rank and operating cost reductions 

Country Frontier Rank Cost Reduction in 2005 
 

Nicaragua 1 2%  
Panama 2 2%  
El Salvador 3 3%  
Costa Rica-S 4 3%  
Guatemala-S 5 4%  
Costa Rica-L 6 3%  
Guatemala-L 7 12%  
Honduras-L 8 14%  
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CHAPTER 3 
SECTOR FRAGMENTATION AND AGGREGATION OF SERVICE PROVISION IN THE 

WATER SECTOR 

The policy decisions issued in 1995 by the government of Peru pointed towards 

restructuring the water sector by means of service decentralization to municipalities.  The aim 

was to give more decision-making responsibilities to those with more information about costs 

and production conditions (Tamayo, Barrentes, Conterno and Bustamente 1999; Corton2003).  In 

its 2002-2006 management report, the Peru water regulatory agency (SUNASS) identifies key 

elements of the current situation of the water and sanitation sector: political interference in water 

service providers’ decisions, sector fragmentation, the lack of sector investment, and tariff 

stagnation (SUNASS 2006). The sector fragmentation issue is addressed in this study. 

Sector fragmentation refers to the presence of a large number of very small service 

providers. Of the 49 service companies comprising the sector, 10% provide service to less than 

1,000 connections and 39% have between 1,000 and 10,000 connections. Large utilities serving 

more than 40,000 connections represent 16% of the sector and those utilities serving between 

10,000 and 25,000 connections represent 25% of the sector.  The average number of 

municipalities served by large companies is 17. Medium size companies serve on average 5 

municipalities and very small firms provide service to one municipality.  Beyond the financial 

sustainability of these companies, a key aspect is that these smaller entities will not always have 

the fundraising capabilities to invest in the water networks systems.  Consequently, their 

attraction to private investors may be limited.  

SUNASS argued that aggregation of small service providers may enable the achievement 

of economies of scale, providing service to a larger customer base at a lower cost (and/or with 

higher quality).  Moreover, professional capacity in a large scale operation may be enhanced 
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together with other potential production and service efficiencies. These efficiencies result from 

joint administration and operation, which renders the sector more attractive to private investors. 

The objective of this study is to analyze the structure of the water industry in Peru, to 

investigate the presence of economies of scale and cost efficiencies considering the region where 

the firm is located and specific production characteristics. The aim is to provide policy makers 

with information about whether aggregation of service providers is optimal based on their 

location and specific characteristics. The degree of scale economies will help to determine the 

merits of aggregation of small service providers. If there are no economies of scale, splitting 

large service providers by localities of service may be an optimal decision from a sector structure 

point of view.  Otherwise, aggregation is recommended.  

All companies for this sector provide sewerage service so cost efficiency is examined 

considering the volume of water billed and the number of sewerage connections as outputs of the 

production process. Volume of water loss is included as an additional output.  Water losses 

originate from pipe leaks and non authorized connections. In the water sector of Peru, volume of 

water loss represents 47% of volume of water produced. The intuition behind the inclusion of 

this variable as an output comes from assuming that it is hard for firms to control commercial 

losses if that entails denying the service to the poorest segments of the population. In this sense 

water lost is interpreted as a valued output by consumers. In addition, producing water has no 

cost for the firm other than the marginal cost of treatment. Managers consider a tradeoff between 

repairing pipe leaks and increasing water produced when satisfying water demand. Under this 

framework, the hypothesis is that water service providers jointly produce water lost and billed. 

The input factors considered are labor and capital.   
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The study utilizes a data set of 44 water service companies, for the period 1996 to 2003. 

Particular attention is given to the modeling process to ensure accuracy on capturing the behavior 

and production conditions of these utilities. Considering a long run scenario for the analysis, 

where all factor inputs are variable, the basis for the economic model is a total cost 

translogarithm functional specification. This functional form gives flexibility to the production 

technology not imposing constant returns to scale, allowing efficiency to vary with scale.  

Production practices differ according to the region where the utility is located. Technology 

shifts may occur as a result of variations in national investment and GDP, as well as time which 

represent possible technological changes in the sector. A set of specific characteristics to the 

utility production process are also included such as network density, the number of active 

connections, continuity, and the number of municipalities served. The econometric approach is 

based on the estimation of a stochastic frontier where inefficiency is allowed to vary over time. 

The intuition is that the time period under analysis is long enough to expect that firms may have 

modified their cost efficiency behavior.  

Results from the analysis found the production technology not homothetic implying that 

the input mix varies with the scale of the firm. In addition, the production technology was found 

to be no homogeneous which means that returns to scale varies with the scale of the firm. These 

findings implies that any merging or aggregation of these firms require detailed analysis of the 

particular production characteristics of each firm.  Utilities in the forest region and small firms 

on the coast exhibit economies of scale which support the aggregation process. The introduction 

of competition is suggested in the mountains and the coast. 

Industry Framework 

Following Garcia and Thomas (2001)’s analysis of the French water industry the water 

sector production process is characterized by five main functions. The first function, production 
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and treatment, covers operations for water extraction, either from underground or surface, and 

preliminary treatment (disinfection, filtering, softening).  In the case of Peru, water as a 

commodity has no cost for the company and the possibility of water purchases is not considered 

in this analysis. Thus, costs incurred while performing this function comprise only water 

extraction and preliminary treatment. 

The second step is to transport water from production facilities through transmission 

pipelines. This can be done by means of pumping or by gravity. Costs from performing this 

function are proportional to the amount of pumping required. Storing water in facilities such as 

water tanks or towers is the third function. The fourth production process is comprised of 

pressurization of water from the stocking facilities into pipelines, which is done by installing 

pumping stations. Finally, distribution of water to final customers through distribution mains and 

customer service lines completes the production process. These five functions are all performed 

by each service provider in Peru. Thus, these utilities are vertically integrated. 

Each service company is located within one of Peru’s geographical regions: mountains (19 

companies), forest (7 companies) and coast (18 companies). The water source found in these 

regions, surface or underground, requires a different production technology.  In general, surface 

water does not need pumping but may need a more intense water treatment to meet quality 

standards required before distribution.  In this study, the region in which each company is 

located identifies production technology differences and they are included in the economic 

model. 

Volume of water sold to different types of customers, population served and the number of 

connections are among the most generally identified outputs in the water industry literature. 

Recent empirical studies indicate that authors view service companies as producing other goods 
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besides the classical output, volume of water delivered. Renzetti (1999) identifies water sold to 

residential and non-residential customers in the analysis of cost supply and pricing practices of 

the water and sewerage utilities in Ontario. Saal and Parker (2000) utilize the resident water 

supply population served in their study of the England and Wales water sector. Garcia and 

Thomas (2001) define volume of water loss as a product, in addition to volume of water 

delivered in the French water sector. Aubert and Reynaud (2005) utilize volume of water 

delivered and the number of customers served in a variable cost function for the Wisconsin water 

sector. Saal and Parker (2004) consider water volume delivered and the number of connections 

in a study of the England and Welsh water industry.    

Neuberg (1977) introduced the “separate marketability of components” as a necessary (but 

not sufficient) condition to define the vector of outputs. This issue, followed by several authors 

in the electricity sector, has not been explored in the water sector (Hattori, Jamasb, and Pollit 

2005; Lowry, Getachew and Hovde 2005; Jamasb and Pollit 2003; Hattori 2002 and Rossi 2001). 

Neuberg’s argument is that identification of outputs needs to take into account what the company 

is actually selling.  

Following this line of thought, and according to the water production process previously 

described, volume of water billed and lost as well as sewerage connections are the outputs 

identified in this analysis. Between 1996 and 2003, water customers in Peru were charged 

according to volume of water usage. Water billed is the final output to these customers and it is a 

main driver of costs for service providers. Water received by end customers have gone through 

the entire production process of these companies, from production to distribution so the final 

product, “water billed” ,  has costs associated to each segment of this industry.  Volume of water 

produced is not a cost driver in this industry given that costs associated to production are only 
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marginal. Water produced is not the final product to be sold but rather it represents an input to 

the provision of water service.  

Regarding water lost, two important elements are addressed to support its consideration as 

an output in this sector. First, in this particular industry where water utilities operate all the 

segments of the service production and producing water implies only the marginal cost of water 

treatment, the extent of water losses partially reflects a cost tradeoff between increasing water 

production and repairing network leaks to keep up with water demand. Managers may find it 

more costly to repair leaks than increase water production to satisfy demand. Pipe leaks require 

costly maintenance outlays, particularly on long or dispersed networks.  

Alternatively, when considering the distribution network, water losses are related to non 

authorized connections. Some authors refer to this issue as water theft or commercial losses, 

hence the “non revenue” water terminology. Given the characteristics of this country where a 

large portion of the population lives in poverty conditions1 it may be hard for water utilities to 

control water lost, if that entails denying the service to the poorest segments of the population. In 

this sense, water lost may be valued as an output by a significant segment of the population. In 

addition, managers, and in particular the members of the company board, may find it more 

advantageous to keep water needs of this population segment satisfied if that secures wining their 

votes during municipal elections.  

Regarding the measurement of the water lost share due to costs tradeoffs and which 

corresponds to non authorized connections, data available on pipe leaks is not reliable. Counting 

the number of leaks require either costly electronic equipment to measure the flow of water or a 

maintenance routine to manually do the counting which requires staff and vehicles. None of 

                                                 
1 A level of 48.7% of poverty by 2005 is reported by the World Bank: http://go.worldbank.org/AHUP42HWR0  (last 
visit: 05/25/2008)   
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these mechanisms are reported as used by these water utilities. Data on non authorized 

connections is not available. Still, some water may actually be wasted which from a welfare 

perspective the waste of a natural resource is a loss. However, from the firm’s perspective it 

seems that benefits from the costs savings originated from not repairing the leaks as well as the 

benefits from securing the votes from a particular segment of the population are high enough to 

keep them producing water losses. In the Peru water sector the median volume of water lost is 

50% of volume produced. To put this number in perspective, water utilities from developed 

countries have 15% of water volume lost. For Latin American countries this value equals 60% 

and 35% for developing countries (Kingdom, Liemberger and Marin 2006). Two leading studies 

on this issue are Garcia and Thomas (2001) who found a tradeoff between water produced and 

network leaks in the French water industry and Antoniolli and Filippini (2001) that included 

percentage of water loss as a firm specific characteristic in the analysis of the Italian water 

industry. 

Under this framework, the joint production of water loss and water billed is considered in 

this analysis. Water lost is calculated as the difference of volume of water produced and billed. 

In addition, all service companies in Peru offer sewerage services.  Sewerage production 

accounts for a high portion of a service’s costs, but it is not charged separately from water. For 

each 100 water connections a median firm serves 85 sewerage connections. Thus the number of 

sewerage connections is identified as an output for this production process. 

With respect to water quality, it could be viewed as an output of the water service 

provision process depending upon the country and the value consumers place on it compared to 

the provision of the usual outputs in this sector: water and sewerage.  Without doubt, in 

developed countries where water and sewerage coverage rates are almost 100%, water quality is 
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highly valued by final customers and its production implies high costs given the high quality 

standards in these countries. In the case of Peru, by 2004 the population was 27.5 million people 

of which 74% were located in urban areas. Of this urban population, 75% is within the scope of 

service of water service companies.  On average, service companies deliver water to 84% of the 

total population in their area of service. From the perspective of customers in these countries, it 

is reasonably to assume that quality of water is of less value comparing to water or sewerage 

service. In addition, water quality standards are still basic when compared to those of developed 

countries. The costs associated to meeting these standards are marginal compared to other costs 

in the production process such as lying pipes or installing water pumps. 

A variable that represents a measure of quality of service is continuity. This variable is 

defined as the average number of hours a day customers receive water service over a year. This 

characteristic is related to water pressure within pipes, which is determined by the placement of 

compressors along the network, the volume of water, and its flow within pipes according to 

differences in gravity. When the source of water is located in the mountains or hills, gravity 

promotes water flow. When serving customers in a flatter geography, the amount of required 

pumping is higher. Costs will be higher for firms located in the coast, compared to costs for 

firms in the mountains or the forest when maintaining the same level of continuity. This variable 

is considered in this analysis not as an output but as a characteristic of each utility service 

provision. 

Finally, SUNASS classifies service companies according to the number of water 

connections, as large, medium and small. Large companies are those with more than 40,000 

connections (8 companies); small companies are those with less than 10,000 and more than 1,000 

connections (19 companies); medium size companies are those with number of connections 
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between 10,000 and 40,000 connections (17 companies).   In this study, each firm is classified as 

belonging to one of these groups according to the company’s number of connections in 1996.  

The ratio of active connections to total connections is interpreted in this analysis as an 

indicator for service/maintenance efficiency. Its median value was 84% in 2003. A connection is 

a piece of equipment subject to functional problems and wearing out. Connections are classified 

as inactive when they are not able to deliver water to the customer. This occurs when there is a 

functional problem, which once fixed allows the connection to be active again. Another possible 

reason for a connection to be inactive is suspension of service due to non payment, but this is not 

the case in Peru. If adequate maintenance is provided on a regular basis, all connections are 

supposed to be active during their operating life. If keeping all connections active is costly, firms 

may prefer to maintain a certain amount of inactive connections to reduce costs. Thus, including 

this variable allows one to examine the impact on costs of keeping connections inactive 

reflecting maintenance inefficiencies. 

Model Specification and Data 

This analysis assumes that the firm acts to minimize its long run costs where all input 

factors are free to adjust and output is exogenously determined by the obligation to supply 

customers. The assumption that managers are cost minimizers may seem strong in the context of 

this sector. However, the length of the period under consideration might help to smooth out any 

differences from managerial objectives. Municipal leaders stay in power usually for one year.   

Network length is commonly used as a proxy for capital in empirical work. The rationale 

for doing this is the high amount of capital necessary to lay down pipes compared to the capital 

needs for other types of network system developments such as pumps or treatment facilities. 

Table 3-1 depicts change in network length for each different group of firms illustrating a 

considerable expansion of the network systems in this sector. 
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Peru is not an exception regarding the difficulties Latin American companies face when 

calculating price of capital. Finance expenses plus depreciation divided by length of network is 

considered as a proxy for price of capital in this study.  An increase in a firm’s debt is assumed 

to occur when the company expands its network length.  Further, finance expenses are assumed 

to reflect this increase and subsequently the network expansion. This variable will capture 

characteristics related to managerial debt financing abilities and the possible value of investing in 

network developments. Nevertheless, the proxy for capital utilized is under-representing the 

relative risk of investing in this sector as opposed to in other markets.  

Labor costs represent approximately 60% of firm’s total cost. For the purpose of the cost 

analysis, labor is classified into two types according to the contractual obligations acquired by 

the utility at the time of hiring. The direct labor type is comprised of workers who have 

permanent positions in the company and are entitled to the company’s labor benefits. The 

indirect labor group is comprised of workers under explicitly limited terms of employment, 

regarding time and salary. This group has no firm working benefits other than the monetary 

amount agreed at the initial time of work contract or agreement.  Prices for direct and indirect 

labor are calculated as annual labor costs divided by the number of workers for each case 

assuming that the number of hours employed by indirect and direct workers on average is 

similar. Table 3-2 shows summary statistics for the identified outputs and price of inputs.   

Total cost is comprised of sales cost, sales expenses, administrative expenses, finance 

expenses and depreciation representing total operating expenditures.  It is assumed that 

accounting definitions adopted by all firms in the sample are the same and that the depreciation 

value is based on a similar estimation procedure for the assets in place. The median value for 
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total annual costs in current US Dollars2 for large utilities is $16 whereas it is equal to $2 and $ 

0.4 for medium and small firms respectively.   

A transcendental logarithmic specification provides a second-order approximation for the 

cost functional form. Its advantages are that it places no a priori restriction on substitution among 

factors of production and that it allows scale economies to vary with level of output, not 

imposing homotheticity or unitary elasticity of substitution.  These conditions are tested at 

estimation time. Three outputs and three input factors are considered in this cost analysis. The 

use of a translog functional form is appropriate because it readily allows for the identification of 

scope economies among the set of outputs by observing the sign of the coefficients for the 

outputs interacted terms. The coefficients of these terms measure the increase in marginal cost of 

one of the outputs when the other is increased. It is of interest in this study to examine possible 

scope economies between water delivered and lost and between sewerage and water. A finding 

of diseconomies of scope between any of these outputs suggests that the production process need 

to be re-assessed possibly separating the production of the output involved. However, a 

weakness of this specification is that it assumes symmetry between any pair of outputs, which 

may not necessarily apply here.  

In addition, in a translog functional form specification the coefficients for the interacted 

price terms identify the marginal cost of increasing one of the inputs as the price of the other 

increases. If the coefficient is positive, it indicates possible substitutability. Otherwise, it signals 

complementarities among the input factors. In this study it is interesting to examine possible 

substitutability or complementarities between capital and labor. Findings in one direction or 

                                                 
2 Exchange rates obtained from Peru’s Central Bank web site; http://www.bcrp.gob.pe (last visited 05/24/2008) 
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another may suggest over-usage of the input factor involved. Examples of a translog functional 

specification in the water sector are Aubert and Reynaud (2005) in analyzing the Wisconsin 

water utilities; Saal and Parker (2004) in the English and Welsch water industry; Garcia and 

Thomas (2001) for the French water sector; Fabbri and Fraquelli (2000) in the Italian water 

industry and Asthon (1999) in the English and Welsch water industry.  Omitting firm and time 

subscripts for clarity, the economic model is specified in Equation 3-1.  
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                                           (3-1) 

In Equation 3-1, TC is total costs defined before; Ym is the vector of the m outputs already 

identified (volume of water billed-Y1, the number of sewerage connections-Y2, and volume of 

water loss- Y3); Pi   is the vector of i input prices previously identified (P1, P2 are prices for direct 

and indirect labor respectively and P3 is the price of capital); and the α’s and γ’s are parameters 

to be estimated.  

According to Equation 3-1, a firm’s costs are represented by a single functional form 

common to all firms, so there are no systematic differences in technology among them. To 

account for possible technology differences, dummy variables representing the region where the 

firm is located are included in the first order price inputs and output coefficients in Equation 3-2. 
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++=++= αα                                                                (3-2)  

R1 takes the value one if the firm is located in region 1 (Mountains), and zero otherwise. 

R3 takes the value one if the firm is located in region 3(Coast), zero otherwise.  The region forest 

(R2) is captured in the intercept, which in this case corresponds to the coefficient of the first 

order outputs and price of inputs. This selection does not affect the results. The a’s and b’s are 
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parameters to be estimated and represent deviations from region 2 taken as a base.  This 

functional specification focuses on how outputs and price of inputs on the coast and the 

mountains differ from those in the forest region.  

In characterizing the production process for the Peru water and sewerage sector, several 

variables specific to each service company have been identified (environmental variables): 

continuity of service (CONTINUITY) and maintenance efficiency represented by the ratio of 

active to total connections (SMAINTENANCE). The number of districts served by each 

company (NDISTRICTS) was assumed to represent possible political factors reducing costs 

according to findings from Corton (2003). Disagreements or agreements among province and 

district municipalities’ leaders were assumed to have an impact on the number of localities 

served by a company. Alternatively, the number of localities may capture the effect of having to 

serve a larger area. Additional localities may need additional local offices, staff and maintenance 

service, which may represent increased costs.  This variable is also included in the present 

analysis. 

Network density (NDENSITY) equals the number of total connections divided by the 

length of the network. The length of the network includes transmission and distribution pipes up 

to the customer connection. Water companies with a similar size, as measured by number of 

connected properties may have different costs because of network differences, such as its length 

and type of customers. Larger firms could have lower costs due to greater network density rather 

than a scale economy benefit per se. The bigger is the value of this variable, the denser the 

network (more connections per km of pipe). As network density increases, average costs are 

expected to decline considering that fixed costs are spread over a larger amount of customers 

(connections). This variable distinguishes possible firm’s gains due to scale economies from 
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those related to the network characteristics. It is important to notice that in this analysis all 

customers (and connections) are assumed to be residential. 

All these environmental variables vary with the region in which the utility is providing 

service. They are introduced in the economic model interacted with the region dummies, in the 

same way inputs and outputs are included. Table 3-3 depicts descriptive statistics for these 

variables.  

Finally, besides considering a time trend to capture possible technological changes over 

time, gross domestic product (GDPv) and national investment (NIv) variations are included in 

the model to capture specific country characteristics related to annual economic circumstances. 

The assumption is that technological changes occurring between 1996 and 2003, which are 

captured by a time trend variable, may have a different impact on sector’s total costs than the 

possible effect of the annual economic changes captured by these variables. After 2001, GDP 

annual percentage of change increased, yet national investment level for 2000-2005 was only one 

third of that in the earlier five year period. The government no longer had the capacity to fund 

infrastructure projects so it is plausible to believe that firm’s costs were affected. For instance, 

firms had to raise capital to continue system expansion which may have had measurable effects 

on utilities’ total costs. 

 In this analysis, the environmental variables identified are included in the intercept so they 

explain cost shifts, rather than technology shape or inefficiency.  This choice translates into the 

following specification for the intercept of the economic model defined in Equation 3-1. 

0 2 1 3ln ln ln ln 1 ln 3T t G t NI t ZR it ZR it ZR it
j j j

T GDPv NIv Z Z R Z Rα α ϕ ϕ ϕ ϕ ϕ ϕ= + + + + + +∑ ∑ ∑   (3-3)  
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In Equation 3-3, α0 is the intercept common to all firms; T is the time trend; GDPv, NIv are 

time varying common for each firm; Z is the vector of identified environmental variables; R1 and 

R3 are the dummies for the mountains and coast regions, respectively.  

Empirical Results 

The model specified in Equations 3-1, 3-2 and 3-3 is estimated as a stochastic cost panel 

frontier. To address the possibility of inefficiency changing over the analyzed period, time is 

included in the estimation process by following Battese and Coelli’s (1992) functional form 

specification for the inefficiency component, (uit ) as it was explained in Chapter 1. For purposes 

of estimation, the usual idiosyncratic error term (v) is added to the economic model. This error 

term is independently and identical distributed following a normal distribution with zero mean, 

and it is independent from the regressors.  Estimation proceeds using a balanced data set 

consisting of 42 companies comprising 336 observations. 

Regularity of the Cost Function 

Table 3-4 shows results from estimation. A well behaved cost function is concave in input 

prices and non-decreasing in outputs. Assuming the cost function is twice continuously 

differentiable, a necessary and sufficient condition for it to be concave in prices is that the matrix 

of second order partial derivatives of the cost function with respect to prices be negative semi-

definite.  In the case of the translog flexible functional form, for this to hold it is necessary to 

impose symmetry on the parameters of interacted price terms. This is accomplished by applying 

mnnm YYYY γγ =  for ym yn ≠ym ym and jiij γγ =  for i≠j.  In addition, following Diewert and Wales 

(1987), the price shares need to be positive over the price domain. These conditions hold for all 

regions.   
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A cost function must be homogeneous of degree one in prices to correspond to a well-

behaved production function. This implies that for a fixed level of output, total cost must 

increase proportionally when all prices increase proportionally.  This translates into applying to 

the parameters of the model the conditions specified in Equation 3-4. 

1, 0, 0i Yi ij ij ij
i i i j i j

α γ γ γ γ= = = = =∑ ∑ ∑ ∑ ∑∑                     (3-4) 

Imposing these restrictions is equivalent to normalizing prices and total cost by one of the 

prices. In particular this is done by dividing total costs, price of direct labor and price of capital 

by the price of indirect workers (P2). The selection of the price for normalization does not alter 

the results.  

A cost function corresponds to a homothetic production technology if and only if the cost 

function can be written as a separable function in output and factor prices. This implies assuming 

that the input mix is constant with scale.  A homogeneous technology is a special case of a 

homothetic technology when the elasticity of cost with respect to output is constant. 

Homogeneity implies that returns to scale are invariant to the production mix and scale of the 

firm. For the case of the translog model, the homotheticity and homogeneity conditions are tested 

using the Likelihood Ratio test after imposing the restrictions specified in Equations 3-5 and 3-6 

(Diewert 1974).   

Homotheticity requires: 0=Yiγ                                                                                        (3-5)  

Homogeneity in outputs requires: 0;0 == YYYi γγ                                                          (3-6)  

The sequence for testing these restrictions follows Christensen and Greene (1976). A chi-

squared one-sided upper tail test at significance level of 0.001% rejects the null hypothesis of 
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homotheticity and homogeneity.  The highly statistically significant coefficients for the 

interacted price terms evidences that unitary elasticity does not hold in this data set.   

Efficiency 

For the frontier estimator the likelihood function is expressed in terms of the variance 

parameters, σ 2 = σV 2 + σu 2 and gamma, γ = σu 2 /σ 2.  The closer the value of gamma is to one, 

the more inefficiency as opposed to noise accounts for explaining the model disturbance term 

variance. A gamma value of 0.41 indicates that the presence of noise (or unobserved firm 

specific characteristics) is still important in this data set. 

The coefficient for η, the parameter included in the inefficiency specification is positive 

and highly statistically significant. This indicates that the exponential specification imposed to 

the inefficiency term is appropriate for explaining its behavior for the service providers in this 

sector.  The mean value for inefficiency, ui, is statistically significant at a 95% level, which 

indicates that inefficiency does have an important explanatory role in determining costs in this 

sector. It is worth noting that this term may contain unobserved time variant firm specific effects 

not captured by the variables specified in the economic model. 

Figure 3-1 illustrates the movement of firms from 1996(dashed line) to 2003 (solid line) 

with respect to the optimal frontier represented by the horizontal line y=1 (the closer the value to 

1 the more efficient is the firm). On the horizontal axis firms are sorted by size and the vertical 

axis represent technical efficiency values. Table 3-5 shows statistics for the extent to which 

minimal input usage differs from actual input usage in 2003, represented by the estimate of 

minus the natural log of the technical efficiency via E (uit | eit)). Small companies are slightly 

more efficient than large size companies. The most efficient small firms are located in the coast. 

Firms located in the mountains are similarly efficient regardless of their size.  
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Table 3-6 shows cost reduction statistics calculated as the ratio of actual cost less predicted 

cost divided by actual cost. If firms were to behave efficiently with respect to their predicted 

costs for 2003, the reduction of costs found for small firms is on average of 4%; for large firms 

this reduction is 16% and for medium size firms it is 17%.  There is a noticeable difference in 

reducing usage of resources for large firms depending upon their location. The only large firm 

located in the forest should reduce by double the amount of resources with respect to the 

reduction amount for large firms on the coast. There is also a noticeable difference in the amount 

of cost reduction among firms located on the coast. Small firms are able to reduce their costs by 

50% less than the amount large firms would reduce theirs. At the same time, large firms on the 

coast are able to reduce their cost by 50% less than medium size firms would reduce theirs.   

Environmental and Output Variables 

Turning to the interpretation of coefficients, neither national investment nor GDP 

variations are statistically significant. Time is not statistically significant either. A possible 

explanation for this may be the fact that monetary variables converted to current US Dollars may 

have captured country economic fluctuations.  An alternative model using soles, the currency of 

Peru, instead of US dollars yields the time coefficient statistically significant at a 90% level. The 

coefficient is positive but very small in magnitude indicating a small economic impact. Still in 

this model, neither GDP nor national investment variations are statistically significant  

With respect to the number of districts (NDISTRICTS), Corton (2003) previously reported 

cost savings for firms serving more than 5 districts. In the present analysis, this variable is not 

statistically significant.  An alternate model was estimated, replacing NDISTRICTS by a dummy 

which takes value equal to one if the firm serves more than 5 localities. Estimation results were 

similar. Further analysis with respect to the provision of service according to the number of 

districts and provinces is included in Chapter 4.   
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The coefficient for the ratio of active to total connections (SMAINTENANCE) for firms at 

the coast in comparison to those in the forest or the mountains is statistically significant. A 1% 

increase in this variable (which implies an increase in the number of active connections) 

produces a decrease in costs of approximately 0.5% only for firms located at the coast. This 

variable was included as an indicator of maintenance efficiency assuming that keeping 

connections active has an impact on total costs. An explanation for firms on the coast to have 

lower costs as they keep a higher level of connections active implies that these firms are more 

efficient compared to firms in other regions from the view point of maintenance. It may be the 

case that these firms have maintenance schedules under control such that replacing costly 

connection equipments are kept to a minimum. It is feasible to believe that the smaller territory 

and a not challenging topography compared to the mountains and the forest provide a 

comparative advantage to these firms when it comes to maintaining the operational level of the 

network.   

The network density (NDENSITY) coefficient is negative and statistically significant at a 

99% level. Differences among regions do not have an impact on network density. An increase of 

1% for network density produces a decrease in costs of approximately 0.4%. The possible effect 

of a denser network on average costs is clear. On this total cost model this variable is capturing 

the scale of the network. In this sense the economies of scale results will be net of this network 

dimension. The negative coefficient for this variable implies that firms are still in the position of 

adding more connections to their networks, a reasonably result considering the under-service 

issue in this sector. 

Differences in continuity (CONTINUITY) among regions are statistically significant. The 

negative signs on coefficients for the coast and mountains mean costs savings when continuity is 



 

75 

increased independently of the topographic conditions of these two distinct regions. A possible 

interpretation for this is higher continuity implies higher efficiency and consequently lower 

costs. If efficient firms are those delivering higher continuity levels, then efficient firms exhibit 

lower costs. Overall, there may be other factors interacting with the possible effects of this 

variable in addition to the topographic aspects considered here. An alternative model excluding 

continuity was estimated. The differences in the magnitude of the coefficients were small.  The 

signs of the coefficients and statistical significance of the variables did not change. 

The first order coefficients for volume of water billed (Y1) are not statistically significant. 

The coefficient for the interacted term with volume of water lost (Y1Y3) is statistically 

significant at the 99% level. This finding indicates that the volume of water billed does not 

explain costs by itself, but rather it does so by being jointly produced with volume of water lost. 

The coefficient is positive indicating diseconomies of scope when producing these two outputs 

together. A 1% increase in delivering water billed and lost jointly implies an increase in costs of 

0.1% for the firm. This is the cost may be interpreted as the cost the firm pays for allowing non 

authorized connections to exist.  

On the other hand, the coefficient for volume of water lost (Y3) is negative and statistically 

different from zero. The negative coefficient and its magnitude explain why firms allow water to 

be lost. Producing water lost reduce costs by approximately 1.3% for each 1% its volume 

production is increased. This result can be interpreted as the cost savings from not repairing the 

leaks. In this way, the cost tradeoff hypothesis is supported.  The net effect from the cost tradeoff 

and the diseconomies of scope yields costs savings around 1% for each 1% increase in water 

lost.   
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Two alternate models were estimated to check the sensitivity of this model. Volume of 

water produced instead of billed not including water lost yields a much larger residual. A large 

residual indicates the presence of missing explanatory variables. In this case it suggests the 

explanatory importance of water lost in the model. In addition, none of the coefficients for water 

produced is statistically significant indicating that this variable has not explanatory power on 

costs. Another model was estimated including water lost as an environmental variable instead of 

an output. A chi-squared one-sided upper tail test at significance level of 0.001% rejects the null 

hypothesis of not including Y3 interacted with the other outputs and input factors. 

Regarding the number of sewerage connections (Y2) is positive and statistically different 

from zero indicating that total costs increase as number of sewerage connections increase. The 

coefficient for the squared term (Y2Y2) is statistically significant and positive indicating that 

marginal cost increases as the number of sewerage connections increases and that this effect has 

explanatory power on costs. The coefficient for the interacted term with water lost (Y2Y3), 

although small in magnitude is negative and statistically different from zero, indicating 

economies of scope when producing these two outputs. The interpretation of this result is 

complicated by the imposed symmetry.  When adding the interacted term Y1Y2Y3 to the model, 

only Y1Y3 is statically significant and still positive.  

Economies of Scale 

The assessment of economies of scale is fundamental for the characterization of the most 

economical efficient structure organization. Evidence of economies of scale supports a smaller 

number of firms to supply industry output, whereas diseconomies of scale indicates introduction 

of competition as more efficient for the market structure. Following Christensen & Greene 

(1976) and Hanoch (1975), economies of scale in this study are defined in terms of the 

relationship between total cost and output along the expansion path, where input prices are 
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constant and costs are minimized at every level of output. This is considered the appropriate 

scenario for this analysis given the cost minimization framework. See Hanoch (1975) for details 

on the alternative approach implying the relative increase in output due to a proportional increase 

in all input quantities. 

The measure utilized to calculate economies of scale is the elasticity of cost (ε) with 

respect to output, which is defined as the proportional increase in cost resulting from a 

proportional increase in the level of output. Because of the multi-output scenario, economies of 

scale are referred to as ray economies of scale meaning that what leads the less than proportional 

increase in cost is strictly the same proportional increase in the level of “all” outputs. 

Conversely, “ray” diseconomies of scale are present when a higher than proportional increase in 

cost occurs after an equal proportion on the level of “all” outputs is increased. Following Baumol 

(1976) and Panzar and Willig (1977), a local measure of overall scale economies for a multi-

product firm is defined in Equation 3-7. 
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Equation 3-7 produces numbers that are higher than one for positive economies of scale; 

less than one for diseconomies of scale and unity for constant returns to scale. The calculation is 

performed from estimated values for each firm according to region and then firms are classified 

by size. The standard deviation from calculating cost elasticities for each region is very high 

suggesting a high degree of variation within each region. Table 3-7 shows economies of scale for 

each region.   

To provide some intuition on the interpretation of the scale economies findings, Table 3-8 

shows distribution of firms in each region according to their size. There are no large firms 

located in the mountains. Medium and small firms in this region present small diseconomies of 
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scale. The coast is the most populated region and firms located there are predominantly larger 

than firms in other regions. Those large firms located in the coast are experiencing large 

diseconomies of scale, yet the only three small companies in this region show large economies of 

scale. Medium size firms located in the coast experience constant returns to scale. Economies of 

scale are present for all firms in the forest. 

Additional intuition is provided by Figure 3-2 which depicts fitted average total cost per 

cubic meter of water billed for 2003.  Firms are on the x-axis sorted by size from the smallest to 

the largest. The shape of the average total cost curve shows average total cost per unit declining 

as size of company increases. The slope of the curve is steeper for small firms meaning that they 

are able to enjoy the benefits of larger economies of scale compared to larger firms. The curve 

gets flatter as it reaches the largest firm. This suggests that scale economies have already been 

exhausted by large firms.  Overall, for the Peru water sector, the optimal firm size is medium if 

the firm is located on the coast.  If the firm is located in the mountains small may be considered 

the optimum size (these firms exhibit close to constant returns to scale). 

Input Factors and Price Elasticity 

Finally, regarding the price of inputs, the coefficients are all positive as expected. The 

price of direct labor is not statistically different from zero, yet the price of capital is highly 

statistically significant when considering price differences for firms located in the mountains 

compared with those in the forest.  

The coefficients for the squared terms on both prices, labor (P1P1) and capital (P3P3) are 

statistically significant at a 99% level, meaning that these prices do have an important role in 

explaining  costs. The sign of the squared labor coefficient is positive indicating that marginal 

cost increases as labor is added.  The sign for the squared capital coefficient is negative meaning 

that marginal cost decreases as capital (debt) increases. These findings may signal, on average, 
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over-usage of labor (higher than optimal number of workers) and low levels of debt with the 

subsequent indication of under-investment in the sector. 

In a translog functional specification the coefficients for the interacted price terms identify 

the marginal cost of increasing one of the inputs as the price of the other increases. If the 

coefficient is positive, it indicates possible substitutability. Otherwise, it signals 

complementarities among the input factors. The coefficient for the interacted prices term (P1P3) 

is negative and statistically significant at a 99% level, indicating complementariness between 

capital and labor. A negative yet small value for this partial elasticity is a consequence of having 

more than two inputs in the model. Therefore, the degree of complementarities becomes less 

restricted with respect to the two inputs case.    

To examine this issue, Morishima partial elasticities of substitution, which do not impose 

symmetry among factors, are calculated. The Morishima partial elasticity of substitution is a 

measure of elasticity of substitution utilized in the multi input case. The elasticity value obtained 

for the inputs direct labor and capital is equal to one and the value for the mirror combination is 

equal to 0.8. These close to unity values indicate that these inputs are needed in relatively fixed 

proportions within the production process.  

Concluding Observations 

The fragmentation of the water and sewerage sector was among the concerns of Peru’s 

water and sewerage regulatory agency at the end of 2006. Findings from this study reveal 

important aspects about the performance of utilities in this sector. Results from the analysis 

indicate that when considering the optimal usage of resources, in particular labor and capital, 

small firms are on average more efficient than firms of large or medium size. This conclusion 

comes after finding that small firms are closer to the efficient frontier than other companies.  
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A reduction in resource usage translates into a reduction of costs. If small firms were to 

behave technically efficiently, they would need to decrease their mean cost by approximately 4% 

over the analyzed period. This cost reduction is equal to 16% for large firms and 17% for 

medium size firms. 

The shape of the average total cost curve for this sector shows that there are scale 

economies to be enjoyed by small and medium size firms, indicating possibilities for 

aggregation. For firms located in the mountains, introduction of competition is indicated given 

the presence of diseconomies of scale in this region. The optimal size for a firm located in the 

mountains ranges on providing service to 1,000 to 10,000 connections. These companies are 

classified in this sector as small. On the coast the optimal firm’ size is serving between 10,000 

and 40,000 connections. 

Political influences affecting large water service providers have been a concern for 

SUNASS for a long time. Finally, in 2007 rules were changed to include customer 

representatives on the board. Nevertheless, the proposal of institutional aggregation by SUNASS 

comes as a more aggressive approach to address this issue. Findings from this study indicate that 

large firms on the coast have already exhausted scale economies, so aggregation in terms of 

joining assets is not recommended. Introduction of competition in the mountains is also advised. 

With respect to medium size companies, aggregation is indicated by the presence of large scale 

economies for these firms if located in the forest. However, results from the analysis found the 

production technology not homothetic implying that the input mix varies with the scale of the 

firm. In addition, the production technology was found to be no homogeneous which means that 

returns to scale varies with the scale of the firm. These findings imply that any merging or 
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aggregation among these firms would require a detailed assessment of the particular firm 

production characteristics, including topological, hydrological, and geographical constraints.   

In a previous study by the author, the number of localities served by a firm is found to be 

statistically significant and negative.  The present analysis does not contribute with additional 

information about this issue. Chapter 4 presents a more detailed assessment on this matter. 

Findings about the set of outputs indicate that the cost paid by firms for allowing water 

billed and lost to be produced together is 0.1% per each 1% increase of joint production. This 

cost represent the cost paid by firms by allowing non authorized connections to be present in the 

network and secure the votes of the population being served with water that is not billed. When it 

comes to the production of water lost alone, an increase of 1% of its volume produces a decrease 

on costs of 1.3%. This cost reduction represents the cost savings from the tradeoff of pumping 

more water in the network instead of repairing pipe leaks. In conclusion, firms have costs 

savings by producing water lost which generate incentives for them to keep the joint production 

of water lost and billed. 

With respect to the number of sewerage connections, results indicate that marginal cost 

increases as the number of sewerage connections increases. This result and the possibility of 

finding diseconomies of scope for the joint production of water and sewerage may set the stage 

to a more detailed analysis into delivering water and sewerage in a separate way.  

Regarding price of inputs, findings might signal, on average, an over-usage of labor 

(higher than optimal number of workers) and low levels of debt with the subsequent presence of 

under investment in the sector. Overall, companies need these inputs in fixed proportions.  
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Table 3-1. Change in network length between 1996 and 2003 
 Mean StDv Median      
Large 25%  16% 23%      
Medium 60% 53% 51%      
Small 56% 70% 34%      
All 52% 57% 42%      
 
 
 
 
Table 3-2. Summary statistics for outputs and price of inputs  
Description Var  Mean StDv Median Min Max 
Volbill – Millions m3 Y1 Large   67.6 133.3 26.2   9.2   396.8 
  Medium     4.7     2.2   4.2   2.0     10.3 
  Small     1.3     0.5   1.2   0.2       2.4 
  All   15.1   59.5   3.5   0.1   432.3 
Sewcox- Thousands Y2 Large 198.5 321.6 99.5 36.4    989 
  Medium   15.9     5.9 14.7   6.6      30.1 
  Small     4.5     2.2   3.8   1.6        9.0 
  All   45.7 151.8 12.0   0.9 1,397 
Volwaterloss- Millions m3 Y3 Large   49.2   90.8 17.1   3.7    272.9 
  Medium     5.0     2.6   4.9   1.5        9.1 
  Small     1.4     1.1   1.1   0.05        3.3 
  All   11.9   41.2   3.2   0    317.4 
PriceDWork - $/worker P1 Large   12.7    4.0 13.2   6.8      20.3 
  Medium   10.2    6.1   9.1   6.2      34.2 
  Small     7.7    2.5   7.1   3.1      12.1 
  All     9.7    5.4   8.8   1.7      40.4 
PriceIWork - $/worker P2 Large   16.2  12.2 17.7   0.4      30.3 
  Medium   15.9  24.7   4.3   1.0    106.6 
  Small    8.6    7.8   5.0   1.6      24.3 
  All  13.2  45.6   4.5   0.1    768.0 
Financecost - $/km P3 Large     4.3    2.1   4.0   1.6        7.1 
  Medium    3.1    2.3   2.7   1.0      11.7 
  Small    2.5    2.2   1.8   0.3        9.0 
  All    3.1    2.7   2.4   0.1      14.5 
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Table 3-3. Summary statistics for utilities’ specific characteristics  
Variable Group Mean StDv Median Min Max 
Number of Localities    (Z1) Large    17 13.8   17.5    3  41 
 Medium      5   3.3    3    1  14 
 Small      1   0.5    1    1    3 
Actconx/totconx           (Z2) Large      0.82   0.08    0.83    0.65    0.91 
 Medium      0.80   0.10    0.83    0.57    0.92 
 Small      0.84   0.08    0.86    0.65    0.94 
Network density           (Z4) Large  124 33 111 106 204 
 Medium  125 28 118   85 196 
 Small 131 52 118   61 226 
Continuity                     (Z5) Large    14   5   14     7   22 
 Medium    15   5   14     6   22 
 Small    16   6   18     2   23 
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Table 3-4. Estimation results for the translog cost function  
Var Coeff Var Coeff Var Coeff 

T  -0.001 
 (0.0143) Y1  0.749 

(1.186) Y1P1 -0.022 
(0.0484) 

NIv 
 0.036 
(0.0356) Y1xR1  0.043 

(0.1038) Y1P3  0.117** 
(0.0455) 

GDPv  0.005 
(0.004) Y1xR3 -0.028 

(0.107) Y2P1  0.044 
(0.0486) 

NDISTRICTS  0.047 
(0.0777) Y2  2.113* 

(1.212) Y2P3 -0.054 
(0.044) 

NDISTRICTS x R1 -0.039 
(0.0861) Y2xR1 -0.032 

(0.1296) Y3P1  0.015 
(0.0177) 

NDISTRICTS x R3  0.046 
(0.094) Y2xR3 -0.141 

(0.1496) Y3P3 -0.030* 
(0.0184) 

SMAINTENANCE  0.363 
(0.2265) Y3 -1.347*** 

(0.4409) Y1Y1  0.034 
(0.081) 

SMAINTENANCE x R1 -0.482 
(0.3036) Y3xR1  0.072 

(0.0517) Y2Y2  0.189** 
(0.0966) 

SMAINTENANCE x R3 -0.882*** 
(0.280) Y3xR3  0.152** 

(0.0642) Y3Y3 0.003 
0.0037) 

NDENSITY -0.456*** 
(0.088) P1  0.475 

(0.4096) Y1Y2 -0.258 
(0.1694) 

NDENSITY x R1  0.045 
(0.1137) P1xR1 -0.086 

(0.0559) Y1Y3  0.129*** 
(0.0455) 

NDENSITY x R3 -0.029 
(0.1193) P1xR3 -0.033 

(0.053) Y2Y3 -0.095** 
(0.0442) 

CONTINUITY  0.172 
(0.1136) P3  0.068 

(0.400) P1P1 0.087*** 
0.0131) 

CONTINUITY x R1 -0.304** 
(0.1413) P3xR1  0.210*** 

(0.0484) P3P3 -0.080*** 
(0.0125) 

CONTINUITY x R3 -0.216* 
(0.1281) P3xR3  0.047 

(0.0517) P1P3 -0.107*** 
(0.020) 

Intercept -6.380 
(5.424)     

Gamma+  0.45 
(0.170) Eta  0.1149*** 

(0.0362) Mu (u)++  0.167* 
(0.090) 

Confidence levels: *** 99%; ** 95%; * 90% Data set: 336 observations; Standard Errors in 
parenthesis. Loglikelihood=130.84732; Dependent variable:  Ln (TotalCost); R1 = Mountains; 
R3= Coast; Y1= Vol. Water Billed; Y2= Sewerage connections; Y3=Vol. Water Lost 
P1=Price of direct labor; P3=Price of capital 
+ Gamma is defined as γ = σu 2 /σ 2 where σ 2 is the sum of the variance for the term parameters 
noise and inefficiency (σ 2 = σV 2 + σu 2) 
++ Predicted Mu (u) after estimation comes from the estimate of minus the natural log of the 
technical efficiency via E(uit | eit) where eit  is the residual term. 
 



 

85 

 

0.0

0.5

1.0

1.5

2.0

2.5

TE96
TE03

 
Figure 3-1. Technical frontier for 1996 and 2003 

 
 
 
 
Table 3-5. Technical inefficiency statistics for 2003 
  Mean StDv Median Min Max 
Large Mountains - - - - - 
 Forest 0.31 - 0.31 0.31 0.31 
 Coast 0.16 0.06 0.16 0.09 0.26 
 All 0.18 0.08 0.18 0.09 0.31 
Medium Mountains 0.22 0.11 0.23 0.03 0.36 
 Forest 0.17 0.16 0.17 0.06 0.28 
 Coast 0.22 0.11 0.24 0.07 0.32 
 All 0.21 0.11 0.23 0.03 0.36 
Small Mountains 0.2 0.12 0.21 0.06 0.34 
 Forest 0.14 0.13 0.12 0.04 0.37 
 Coast 0.13 0.09 0.15 0.03 0.2 
 All 0.16 0.11 0.15 0.03 0.37 
 
 
 
 
 
 
 
 

Utilities sorted by size 
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Table 3-6. Cost reduction statistics for 2003 
  Mean StDv Median Min Max 
Large Mountains - - - - - 
 Forest 0.76 - 0.76 0.76 0.76 
 Coast 0.07 0.26 0.09 0.36 0.39 
 All 0.16 0.35 0.13 0.36 0.76 
Medium Mountains 0.18 0.20 0.12 0.04 0.68 
 Forest 0.18 0.10 0.18 0.10 0.25 
 Coast 0.15 0.09 0.13 0.01 0.28 
 All 0.17 0.15 0.13 0.01 0.69 
Small Mountains 0.02 0.03 0.02 0.03 0.07 
 Forest 0.08 0.12 0.09 0.25 0.05 
 Coast 0.03 0.06 0.05 0.09 0.04 
 All 0.04 0.08 0.03 0.05 0.26 
 
 
 
Table 3-7. Economies of scale  
 Large Medium Small All 
Mountains - 0.87 0.93 1.09 

Forest 3.33 4.16 1.32 2.27 

Coast 0.46 1 2.17 0.97 

 
 
 
 
Table 3-8.  Distribution of firms by regions and size 
 Large Medium Small All  
Mountains    0 9 7 16 
Forest 1 2 6 9 
Coast           7 8 3 18 
All Regions           8 19 16 43 
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Figure 3-2. Fitted average total cost per cubic meter of water billed for 2003 
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CHAPTER 4 
INFRASTRUCTURE SERVICE PROVISION TO MULTIPLE JURISDICTIONS: AN 

EFFICIENCY ANALYSIS  

When the objective is to fully expand infrastructure service across a country, 

governments face the challenge of considering not only the technical characteristics of the sector 

but also the country’s economic, social and political structure. During the last decade, 

infrastructure reforms undertaken by Latin American governments have often involved 

decentralization, transferring service provision responsibilities to municipalities. The water 

sectors of Peru, Nicaragua, and Honduras are a few examples. The objective was to give more 

decision-making responsibilities to those with more information on costs and production 

conditions to improve sector performance. However, outcomes do not always match the formal 

aims of such restructuring initiatives.  

This study examines the impact on efficiency of providing service to multiple 

jurisdictions over the period 1996 to 2003.  The issue analyzed is whether a utility expanding 

service across multiple political subdivisions is more efficient than a utility expanding service 

within a single political subdivision. In this context, a political subdivision is a unit of 

government designed to carry out public functions within a specific territory. Utilities are 

municipal-owned service providers.  The hypothesis is that utilities answering to a heterogeneous 

group of jurisdictional authorities are less efficient than those reporting to a single authority. 

Political issues and bargaining for resources may contribute to production inefficiencies affecting 

utilities’ costs.  The resulting inefficiencies may offset any scale economies associated with 

serving a larger area. 

This study is unique in that there is no empirical study in the infrastructure literature 

examining the impact on utilities performance of this type of reform. Results from this analysis 

provide insights to policy makers on an efficient governance structure for service provision 
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under a multiple political subdivisions framework, where the aim is to expand infrastructure 

service within a country. 

To illustrate the issue, the water sector of Peru is analyzed. The political process existing 

in the country during the 1990s and the beginning of the current decade illustrates the political 

bargaining process in a multiple jurisdiction organization. After some initial steps during the 

early 1990s towards expanding service to under served areas of the country, the second half of 

this decade represented a slowdown in this initiative, partially due to the country’s economic 

conditions and also because of the political climate present at that time (Corton 2003; Tamayo et 

al. 1999). 

During the authoritarian government of the 1990s, the country witnessed a breakdown of 

political parties.  To some extent, the resulting political vacuum was filled by a surge of 

independent political leaders coming from the group of province municipal authorities. Provinces 

are the largest organized unit of local government within Peru’s departments. A department is 

the main jurisdictional subdivision. These provincial municipal leaders tried to appeal to social 

interests aimed at opposing the authoritarian government regime. They gained importance as 

political representatives of social discontent locally and at the departmental level. These province 

municipal leaders looked for regional blocks of power by attracting the interests of rural and 

small towns and small district authorities, who were initially neglected by government as they 

were seen as marginal lobbyists to its central favoritism.  

However, by overestimating their political capabilities, this contingent of leaders ended up 

pursuing individual interests rather than reinforcing each other’s political clout in opposing the 

regime. In a sense, the political pattern reflected individualism and dispersion rather than a 

consensual force of opposition.   
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In this political system, governors lobbied the central government to obtain resources for 

their departments.  Presumably, these resources were directed to provinces where their 

authorities had a common political ground with the respective governor.  Evidence of 

infrastructure development was present in those districts where the capital city of the province 

was located. Consequently, the presence of political rivalry among province leaders affected 

policy implementation, particularly with respect to allocation of resources in infrastructure.  

As would be expected, conflicts of power permeated decisions coming from the board of 

directors of water service companies due to divergent and individual political interests. For 

instance, in the earlier stages of introducing private participation into the sector, the 

organizational structure of one of the largest utilities (providing service to twenty eight districts) 

was challenged by a lack of agreement among the directors of the board regarding whether to 

allow this private participation process to go on in some of the districts served by the company. 

Some local authorities might have viewed their political power threatened by this initiative. 

Indeed, the water regulatory agency in Peru is currently assessing the issue of whether 

having fewer rather than more political authorities for governance benefits water providers and 

sector performance. The central issue from the regulatory perspective is that the decentralized 

framework facilitates political interference. Requiring these utilities to report directly to a higher 

authority level, such as the governor, would reduce the number of jurisdictions overseeing the 

company, yielding efficiency improvements for the sector. 

This study examines the effect on utilities’ costs of providing service to multiple 

jurisdictions. The analysis involves estimating a stochastic cost frontier where the number of 

provinces served, service coverage and whether the water utility is the only provider within a 

department are variables shifting the cost frontier. Results from estimating the econometric 
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model support the hypothesis that providing service within a province is more efficient than 

extending service to nearby provinces. In addition, those utilities that have expanded service to 

nearby districts show lower costs in the short run. However, expanding or contracting the service 

to nearby districts is costly in the long run. This result may be interpreted by a lack of adjustment 

of inputs to the changed production structure.  The result is also consistent with the cost of 

political interference in the utility’s service provision decisions. Finally, results suggest that the 

presence of more than one service provider within a department translates into lower costs for 

these utilities when compared to the costs of a utility serving a department alone.  

Political Sub-divisions 

Peru is a unitary decentralized republic divided into twenty four main political 

subdivisions called departments. The largest organized unit of local government within 

departments is called a province. Within a province there is an additional level of unit of 

government which is called a district. There are 195 provinces and 1639 districts in the country. 

A department has on average 8 provinces and a province has on average 65 districts. Broadly 

speaking, a department parallels a state in the United States and a province has similarities to a 

county. Provinces and districts are municipally governed. As a decentralized republic, the 

governor of each department coordinates with province authorities on the implementation of 

development plans and allocation of resources.  

A water company may offer services to more than one district, which is the minimum 

service unit, and to more than one province. The average number of districts served by a utility is 

five and the maximum number is twenty eight. Available data indicate that each district and 

province is served by only one utility.   

Departments may be served by more than one service provider. No utility provides service 

to more than one department. Table 4-1 displays for each department: population and population 
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increase, the number of provinces and districts contained in the department, the number of 

companies providing service and the number of provinces and districts served by such providers. 

Note the variation in the number of provinces within departments and the number of districts 

within each province. A department may have a minimum of one and a maximum of twenty 

provinces. A province may have a minimum of five and a maximum of 161 districts. Note also 

how evident is the under provision of service in some departments. 

For a better understanding of this structure, see Figure 4-1 which represents these political 

subdivisions in a very simplified way. The large squares depict two possible types of 

departments within the country: type A, which has several water service providers and type B 

which has only one provider. The smaller squares represent the provinces inside any department. 

The rectangles inside each province are the districts being served by a utility. Groups of 

rectangles are examples of utilities providing service to several districts. Utility 1 provides 

service to several districts inside one province. Utility 2 provides service to several districts in 

two provinces. Utility 3 is providing service to three provinces. In each province, this utility 

delivers service to several districts. Note that although departments and provinces seem of the 

same size they may not be. Districts served by each utility are displayed in different sizes.  

This framework allows one to examine the presence of a competitive effect within 

departments where there is more than one operator.  Departmental authorities have discretion in 

allocating resources to provinces. If there is more than one utility serving a department, 

competitive pressures in requesting additional resources may affect the production process’ 

efficiency. Competition for funding might encourage the utility board of directors to demonstrate 

that they are using resources wisely.  
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Ownership Structure of Utilities 

Water service companies are owned by the districts to which they deliver service.  The 

number of shares owned by each district is determined by the proportion of district to province 

inhabitants. This number is computed independently of actual population served by the utility.  

More populated districts have a larger ownership stake on a utility that provides service to 

multiple districts within a province.  

A company’s board of directors is comprised of a maximum of six members, each with a 

one year term and the opportunity for reelection. Directors are elected by a stakeholder 

committee, which is comprised of province and district representatives. Each committee 

representative proposes a candidate to hold a board of director’s position. There should be no 

more than two directors representing one district.   

Assuming that each district representative proposes a candidate from his own district, 

province representatives are able to favor one district over others when proposing candidates to 

the board. When there are homogeneous interests within the board of directors, this ownership 

structure provides an incentive scheme which favors the expansion of service to highly populated 

districts.  

Providing service to more than one province may introduce a level of heterogeneity within 

the board of directors that may impact a firm’s efficiency.  Possible conflicts of interest among 

board members representing different provinces may get in the way of important economic or 

strategic decisions.  The case of a large utility facing a private participation decision mentioned 

earlier illustrates how conflicts arise.  

Contraction and Expansion of Service Provision 

To further analyze the way these firms provide service, it is useful to examine how firms 

contract and expand service provision across political subdivisions. Providing service to 
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neighbor districts could be viewed as a natural way for a company to expand its service, 

assuming it has the resources to undertake such expansion and there is no other service provider 

in the area. Service expansion by means of adding more connections to an existing network may 

occur when local demand has not been fully satisfied or the local population is increasing. 

Additionally, nearby districts may offer an attractive opportunity for a firm to decrease average 

costs in the long run.  From an engineering point of view, anticipating network capacity and 

expansion is done before pipes are laid down. Adding pipes to extend the network may involve 

costs that could have been avoided with appropriate planning.  

Alternatively, several motives might account for a company’s reduction of service. The 

pipeline infrastructure in a location may be very old or in poor condition, so maintenance or 

replacement could be too costly.  It may be the case that the district in question comprises a 

poor/rural area where the rate of uncollected bills is high or volume of nonrevenue water is high. 

Therefore, by removing those districts that do not contribute to revenue, the company may be 

able to increase profits or funds available for service improvement.  

Another cause for removing districts from service may be stagnation or slow district 

population growth, as people move to more populated areas where economic and infrastructure 

development is more likely.  The assumption when a district is removed from service is that 

either a neighbor company takes over the service (appearing as an increase of districts served by 

that company), or the district stops receiving service altogether. This may occur in very small 

districts where service provision by independent providers is an alternative. 

Data available for these for these utilities show six companies with a reduction of number 

of districts served, and eleven show an increase. Approximately 50% of the increases happened 
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among companies serving more than six districts. Most decreases took place in companies 

serving less than six districts and all of them are located in type A departments. 

Change in Service Coverage 

A change in the number of districts served does not necessarily parallel a change in 

population served. The relationship between population served and the total population in the 

area of a firm’s service is known as service coverage. Available data on population served is a 

total amount representing population served for all districts. Thus, absent more detailed data,  

there is no way to identify population served by district. 

Table 4-2 shows statistics for changes in service coverage and population growth by 

region. On average, there has been an increase in coverage of approximately 20% over the 

period. Coverage has increased twice as much for companies located in the mountains (27%), the 

region with the lowest population growth, compared to the coverage increase of those on the 

coast (13%), the region with the highest population growth. This outcome is consistent with the 

government’s aim of expanding water service to less populated areas in the initial 

decentralization stage. 

To relate the change of service across districts to change in total service coverage, Figure 

4-2 shows a map of Peru with the departmental division displaying solid circles to indicate those 

departments where companies have increased the number of districts served and dashed circles 

to indicate those that have reduced their number.  Note that the changes occurred in the number 

of districts served for utilities in departments located on the coast or nearby, which are the most 

populated departments. However, there are no changes in the number of districts for utilities in 

departments where the increase in coverage is highest, such as those in the forest and the 

mountains. 
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A closer look at these changes and their relationship with coverage and population 

increases is given in Table 4-3.  Firms that have added districts to their service are located in 

departments with the highest increase in population growth and the lowest increase in coverage 

(18%).  Firms that have reduced the number of districts served are the ones located in 

departments with the lowest rate of population increase and with the highest increase in service 

coverage (28%). A plausible explanation is that firms increased local service coverage after a 

reduction of service scope. 

On average, utilities serving in type A departments show an increase in coverage of 14% 

whereas those in type B departments have an increase of 9%. Tracking the increase in the 

number of districts with an increase in coverage may be interpreted as a consequence of firm’s 

informed/planned decisions aimed at expanding service. Laying down more pipes implies higher 

costs than merely adding more connections to an existing network. In this sense, the increase in 

coverage is expected to be more costly if it includes an expansion of network compared with 

only adding connections. On the other hand, increasing coverage over the same network may 

decrease average costs if fixed costs are spread over a larger set of customers.  

Model Specification 

The competitive pressure effect among utilities within the same department is captured by 

a dummy (MORETHANONE) which takes the value of one if the company is serving a 

department type A, zero otherwise.  It is expected that this competitive pressure has an effect on 

utility’s costs such that they are lower with respect to costs of utilities serving departments alone.  

NPROVJ is a variable defined equal to the number of provinces served for firms located in 

type A departments.  It is expected that the larger the number of jurisdictions served by a utility 

the higher its costs. This means that while serving in departments where there are several 

utilities, utilities serving more rather than less provinces have higher costs.   
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CHCOVERAGE is defined as the percentage of change in firms’ coverage from 1996 to 

2003. The increase in coverage over the period could increase total costs if it has implied laying 

down pipes to nearby districts which could have required additional capital and/or increasing 

debt. 

NEGCHIDX is a dummy variable which takes a value equal to one when there has been a 

decrease in the number of districts served, and zero otherwise. A decrease in the number of 

districts served should translate into a total cost decrease not only in the short run but also in the 

long run as the company adjusts for a shorter network, fewer workers, lower local office 

expenses and lower maintenance costs over the time period.  This dummy is interacted with a 

time trend to capture this long term effect (NEGCHIDXT). 

Alternatively, POSCHIDX is a dummy defined with a value of one when a utility has 

increased the number of districts served, and zero otherwise. This dummy is also interacted with 

a time trend to capture the effect of having added more districts over the period. The coefficient 

for this variable represents the cost difference for a utility that have extended its service toward 

nearby districts with respect to utilities that have not done so.  In the short run, when controlling 

for coverage, network density and the number of provinces this coefficient is expected to be 

negative as expanding service to additional districts translates into a larger network and 

associated scale economies. 

The dummies R1 for the mountains and R3 for the coast previously utilized for capturing 

regional differences in the model presented in Chapter 3 are included in this model in the same 

way: interacted with outputs and input prices. Network density, continuity of service and a time 

trend variable are also included in the model. The variables that were not found to be statistically 

significant in the previous model are not included. The homogeneity in outputs and 
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homotheticity hypothesis for the technology was rejected in the model presented in Chapter 3. 

Thus, the same translog functional form is kept for the specification of this model.  Including the 

identified variables, the economic model is specified in Equation 4-1. 
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                                           (4-1) 

Here TC is total costs as defined before; Ym is the vector of the m outputs already identified 

(volume of water billed-Y1, the number of sewerage connections-Y2, and volume of water loss- 

Y3); Pi   is the vector of i input prices previously identified (P1, P2 are prices for direct and 

indirect labor respectively, and P3 is the price of capital); and the α’s and γ’s are parameters to be 

estimated.  The intercept α is specified in Equation 4-2.  

CHCOVERAGENPROVJEMORETHANONT 43210 αααααα ++++=                           (4-2) 

A firm is input technically inefficient if it fails to produce maximal output from a given 

quantity of inputs. Following Atkinson and Cornell (1994), the general form for a cost frontier 

capturing input technical efficiency, which measures the potential each firm has to reduce costs 

(holding output constant), is depicted in Equation 4-3.  

),()/1(])(|))(/min[()/,( '
iiiiiiiiiiiiiii PYCuYXufXuuPuPYC ===                       (4-3)                         

Where the time subscript and other variables already identified in the model  have been 

omitted for simplicity, Yi  is observed output of firm i , f is a production function, common to all 

firms, P’i = (p1i , p2i  …, pji ) is a vector of input prices, and Xi = (x1i , x2i  …, xji ) is a vector of 

inputs. The parameter ui, 0<  ui ≤ 1, measures the extent to which minimal input usage differs 

from actual input usage and provides a measure of technical inefficiency. The last equality in 

Equation 4-3 follows from the fact that a cost function is linearly homogeneous in input prices.  
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Another way to express Equation 4-3 is to think of the difference between minimum and actual 

costs as the amount needed to reach the frontier, so each firm must lower cost by the amount 

specified in Equation 4-4.                      

])/[( iii CuC −                                                                                                                     (4-4) 

Applying natural logs to Equation 4-3 yields Equation 4-5. 

),(lnln),(ln)/1ln()/,(ln iiiiiiiiiiii PYCuPYCuuPYC +−⇒+=                                            (4-5) 

If the variable C represents total costs as defined for this model, the second term of 

Equation 4-5 is specified by Equations 4-1 and 4-2. In a panel data frontier analysis, inefficiency 

is usually treated as the panel effect.  In this framework, the parameter u encompasses those 

unobserved factors out of a firm’s control which represent the firm’s specific level of technical 

inefficiency. As such, this term is assumed not to be correlated with the explanatory variables.  

Given the length of the period in consideration and the general characteristics of the 

country and sector described so far, it is possible to infer that the firm’s specific inefficiency 

behavior has changed over time. Moreover, this change may be the same fraction for all firms in 

this sector. To assess this possibility, time is included in the econometric model following 

Battese and Coelli’s (1993) functional form specification for the inefficiency component, (uit ) 

provided in Chapter 1.  

For purposes of estimation, the usual idiosyncratic error term (v) is added to the 

econometric model. This error term is independently and identically distributed following a 

normal distribution with zero mean, and it is independent from explanatory variables.  

Estimation proceeds using a balanced data set of 41 companies comprising 328 observations. 

Lima’s water utility, Sedapal, was removed from the data set given its high values for the 

variables utilized in this model. It represents an outlier and is likely to distort the results.  
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Results from Estimation 

For the frontier estimator, the likelihood function is expressed in terms of the variance 

parameters, σ 2 = σV 2 + σu 2 and gamma, γ = σu 2 /σ 2.  The closer the value of gamma is to one, 

the more inefficiency as opposed to noise explains the variance of the disturbance term. The 

variances for the normal noise and inefficiency terms are 0.02 and 0.026 respectively. The value 

obtained for gamma indicates that unobserved inefficiency represents 60% of the residual term 

whereas noise comprises 40%. Figure 4-3 displays the prediction of the inefficient parameter μ 

for 2003 showing full dispersion. Utilities are represented on the X axis sorted by their number 

of connections which indicates their size and the inefficiency values are on the Y axis. Possible 

values for μ range from zero to one. The closer is the value to zero, the higher the efficiency. 

Table 4-4 presents results from the estimation. Time is not statistically significant 

indicating that technological changes intended to be captured by this variable have had no impact 

in this sector costs over the period analyzed.  However, the coefficient for η, the parameter 

explaining the inefficiency behavior for these utilities over time, is positive and statistically 

significant at 1% level, indicating that the exponential specification imposed is appropriate. It 

indicates that utilities’ efficiency has change over time following an exponential distribution. 

Figure 4-4 illustrates the predicted technical efficiency for 1996 and 2003. The horizontal 

line y=1 represents the efficient frontier. Predicted technical efficiency after estimation comes 

from calculating the technical efficiency term via E{exp(uit |eit)}. The closer the value to one the 

more efficient is the firm. The model fit is illustrated in Figure 4-5. Actual costs for 2003 are in 

natural logarithm form on the Y axis and are represented by a black line.  Predicted costs are 

represented by a gray dashed line and utilities are sorted by size on the X axis. The small gap 

between actual and predicted costs indicates that the selected variables and functional form for 

the economic model closely represent total costs for this sector. 
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Table 4-5 shows utilities’ inefficiency statistics in 2003 by region. These values represent 

(u) the extent to which minimal input usage differs from actual input usage. Predicted u after 

estimation comes from the estimate of minus the natural log of the technical efficiency via E(uit | 

eit) where eit  is the residual term. In other words, these values represent the factor by which input 

usage needs to be reduced if firms are to behave efficiently. On average, water utilities in this 

sector could reduce input usage by 27%.  The differences in inefficiency among regions are not 

large.  

Turning to the interpretation of the coefficients for the explanatory variables, those utilities 

providing service in departments type A have lower costs than those serving in departments’ type 

B. This is explained by the negative and statistically significant coefficient for the 

MORETHANONE dummy which represents a 2.5% decrease in costs. This value explains the 

cost difference between firms located in departments where there are additional service providers 

with respect to utilities serving alone within a department. This cost reduction is paralleled in this 

model by an increased efficiency for these utilities which is shown by smaller u values. Indeed, 

utilities in departments’ type B show a mean value for inefficiency equal to 31% whereas those 

serving with other providers have a mean inefficiency value of 26%.   

However, for utilities providing service along with other providers, a one percentage 

increase in number of provinces served increases costs by 0.21%. This is reflected by the 

positive and statistically significant coefficient for the number of provinces variable (NPROVJ). 

Given that the maximum number of provinces served by a utility is eight, the impact on costs for 

a utility increasing service to one additional province is 2.5%.  This result offsets the cost 

decrease obtained from the presence of competition.  
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The coefficient for the increased coverage variable is not statistically significant indicating 

that this variable has no explanatory power on total costs. Coefficient magnitudes and signs for 

network density, continuity and the set of outputs and input prices are very similar to those 

obtained on the estimation of the cost model in Chapter 3. Overall, utilities with denser networks 

have lower total costs. Continuity of service is not statistically significant indicating that this 

variable has no explanatory power on total costs for this group of utilities. 

A sensitivity analysis is performed including a few variables to test variation of results. In 

Table 4-4, model (a) includes the number of districts served by each utility. The obtained 

coefficients are not statistically significant and very small. In model (b), coverage increase and 

the number of provinces served are interacted with the regional dummies. In this case, the 

magnitude of coefficients for the variables MORETHANONE, NPROVJ and CHCOVERAGE 

are slightly larger. The larger magnitude among coefficients of NPROVJ is the one related to the 

mountains. This indicates that when expanding service to nearby provinces, utilities located in 

departments type A that are in the mountains have higher costs than firms in other departments 

and located in other regions. 

The next two model variations address the possible effect on total costs of expansions or 

contractions of service to nearby districts. In model (C), the coefficient for NEGCHIDX is not 

statistically significant. However when considering the effect over time, utilities reducing the 

number of districts have 0.2% higher costs than that of utilities not changing the number of 

districts or increasing the number of districts. The variation of other coefficients magnitude is 

very small.  

In model (d) the coefficient for the dummy POSCHIDX is statistically significant and has 

a negative impact on costs. This means that utilities expanding service to nearby districts have 
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total costs lower than those not doing so.  When considering the effect of adding districts to 

service over time, these utilities have 0.4% higher costs. This is shown by a positive and 

statistically significant coefficient for the variable POSCHIDXT.   

Finally, it is important to investigate what drives inefficiency in this sector directly, 

utilizing another technique. The difficulty in doing this is that inefficiency is not observed. A 

central assumption when defining the econometric model was that the unobserved inefficiency 

term was not correlated with the set of explanatory variables. If it is, estimated coefficients are 

biased. Inefficiency can be calculated by utilizing a DEA technique, as it was explained in 

Chapter 1, where the same set of inputs and outputs considered in the cost model are included. 

Once these efficiency values are obtained, they are regressed using an Ordinary Least Square 

estimator. The idea is to investigate whether this inefficiency value can be explained by the 

explanatory variables used as the shifters of the cost frontier. If these variables are drivers of 

inefficiency, they may as well be correlated with the inefficiency term from the cost model, 

which would produce biased coefficient estimates.   

This robustness test proceeds by calculating a DEA frontier for each year, imposing 

variable returns to scale in the calculation to allow efficiency to vary with the size of the utilities 

and considering the inputs and outputs included in the cost model. The idea is to include as many 

characteristics of the production process as possible. One aspect that is missed in this DEA 

calculation is the translog functional form and the fact that input quantities instead of prices are 

utilized. Thus, these calculated efficiency values represent a production frontier rather than a cost 

frontier.  

These new inefficiency values are regressed on the set of variables, shifting the stochastic 

cost frontier using an Ordinary Least Squares estimator. In addition, the dummies for each region 
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are included in this model. Results from estimation are presented in Table 4-6.  None of the 

coefficients are statistically significant indicating that these variables do not explain technical 

efficiency.  

Concluding Observations 

Results from this study help explain the performance of water utilities with respect to the 

provision of service to multiple jurisdictions.  It examines the impacts of policies promoting the 

decentralization of water provision to municipalities compared to providing service to more 

aggregated jurisdictions such as departments. The issue turns on the governance structure, which 

affects the potential scope for political interference and conflict 

Decentralizing water provision to expand service to less populated areas has increased 

local coverage in less populated departments.  The expansion of service implies lower costs if 

utilities do so locally by increasing provision to districts within the same province. However, the 

expansion of service to nearby districts has occurred within the most populated departments. 

This pattern can be interpreted as a direct consequence of the ownership structure of these 

utilities. Having data on population served by district for each utility could provide additional 

insights on the issues analyzed in this study. Additional research is warranted.  

The analysis also shows that changing the number of districts served implies some costs in 

the long run.  This finding may be a consequence of the lack of adjustment on the amount of 

resources utilized in production as the size of the network changes. Alternatively, this result 

might be interpreted as the cost of political interference on strategic decisions of these utilities. 

The changes in the number of districts served occur only for utilities in the highest populated 

departments and the increase in coverage for these departments is small relative to increases in 

coverage in other departments. This observation suggests that changes in the number of districts 
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served may be a consequence of a quest for power, since expanding service to highly populated 

districts increases the utility’s ownership shares for those districts.  

Results from the analysis also show that utilities located in departments where there are 

other service providers have 2.5% lower total costs than those providing service in departments 

where there is no other service supplier.  Firms providing service alone show lower levels of 

coverage, which could be due to the absence of competition. From a policy making perspective, 

this result points towards developing an incentive scheme to introduce additional suppliers at the 

department level.  Additionally, utilities providing service in departments where there are other 

suppliers have 2.7% higher costs for each additional province they serve. This result offsets the 

lower costs due to competitive pressure present when there are additional suppliers in one 

department. This finding supports the hypothesis that having more as opposed to less political 

authorities to respond to introduces inefficiencies on the utilities production practices. As a 

conclusion, within a department, an efficient way of expanding service is by introducing 

additional service providers such that they serve only one province.  
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Table 4-1.  Number of provinces, districts and utilities providing service by department 

 
 
Region Department 

 
Population 
census 2005 

1993-
2005 
Pop 
Growth 

Num of 
Province 

Num of 
District 

Serv.
Prov 

Serv. 
Dist. 

Num.of 
Utilities 

Mountain Ancash  1,039,415 6% 20 146 7 7 2 
 Apurimac  418,882 6% 7 73 1 1 1 
 Ayacucho  619,338 21% 11 100 2 2 1 
 Cajamarca  1,359,023 5% 13 114 5 6 2 
 Cusco  1,171,503 10% 13 95 6 7 3 
 Huancavelica  447,054 12% 7 87 2 4 1 
 Huánuco  730,871 8% 11 65 2 3 1 
 Junín  1,091,619 0% 9 114 7 10 3 
 Puno  1,245,508 13% 13 96 7 8 4 
Forest  Amazonas 389,700 10% 7 77 3 6 3 
  Loreto  884,144 20% 7 44 3 3 1 

  
Madre de 
Dios  92,024 32% 3 8 1 1 1 

  San Martin  669,973 17% 10 67 9 10 2 
  Ucayali  402,445 21% 4 11 1 1 1 
Coast Arequipa  1,140,810 21% 8 101 8 20 1 
 Ica  665,592 15% 5 36 5 15 4 
 La Libertad  1,539,774 20% 12 71 5 15 1 
 Lambayeque 1,091,535 15% 3 35 3 26 1 
 Lima + 7,819,436 20% 10 161 4 18 4 
 Moquegua  159,306 22% 3 17 2 2 2 
 Piura 1,630,772 16% 8 56 5 15 1 
 Tacna  274,496 23% 4 23 2 3 1 
 Tumbes  191,713 21% 3 10 3 15 1 

+ Lima city population 6,954,517 
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Figure 4-1. Schematic structure of jurisdictions in Peru and examples of service provision  

 
 
 
 

 
Table 4-2. Service coverage increase from 1996 to 2003 and population growth by region 
   Service Coverage  Pop. Growth 
Region Mean Median St.Dev Min Max  
Mountains 27% 31% 14% 0% 54% 9% 
Forest 22% 21% 19% 2% 65% 17% 
Coast 13% 10% 15% -7% 56% 18% 
All 20% 17% 17% -7% 65% 15% 
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Figure 4-2. Departments of Peru showing those with variation in the number of districts 

Table 4-3. Mean values for population and coverage increases  

Subset of Utilities Number 
Utilities Total %Change 

in Pop. 
%Change 
in Coverag 

Not changing number of districts served  24 14% 19% 
Adding  number of districts to service   11  16% 18% 
Reducing number of districts     6  11% 28% 
Total with a change in districts served    17 14% 22% 
Total   41 14% 20% 
Reducing number of districts + those not changing 6+24 30 14% 21% 
Adding districts to service + those not changing 11+24 35 15% 19% 

0

0.2

0.4

0.6

 
Figure 4-3. Values of predicted inefficiency for 2003 

# Districts  
Increased  

# Districts  
Decreased 

LIMA 

 

Utilities sorted by size 

Inefficiency  
Mean 
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Table 4-4. Estimation results for variables comprising the intercept of the translog model  
Model  Main  (a) (b) (c) (d) 

T -0.001 
(0.012) 

0.05 
(0.05) 

-0.004 
(0.009) 

-0.009 
(0.011) 

-0.011 
(0.008) 

MORETHANONE -0.25** 
(0.102) 

-0.15* 
(0.091) 

 -0.28*** 
(0.099) 

-0.28*** 
(0.106) 

-0.22*** 
(0.084) 

NPROVINCES   0.21** 
 (0.086) 

 0.12 
(0.08) 

  0.12 
( 0.09) 

  0.21** 
(0.09) 

  0.196** 
 (0.084) 

NPROVINCES x R1  - -   0.21 
 (0.134) - - 

NPROVINCES x R3  - -   0.17 
 (0.154) - - 

COVERAGE -0.087 
(0.274) 

  0.32 
(0.28) 

 -0.82 
 (0.54) 

-0.03 
(0.286) 

-0.229 
(0.251) 

COVERAGE x R1  - -   0.55 
 (0.744) - - 

COVERAGE x R3  - -   0.99 
 (0.728) - - 

NDISTRICTS   - 0.06 
(0.085) - - - 

NDISTRICTS x R1  - -0.06 
(0.085) - - - 

NDISTRICTS x R3  -  0.102 
(0.101) - - - 

NEGCHIDX  - - - -0.12 
(0.139) - 

NEGCHIDX x T  - - -   0.027** 
 (0.012) - 

POSCHIDX  - - - - -0.28* 
(0.157) 

POSCHIDX x T  - - - - 0.045*** 
(0.015) 

NETDENSITY -0.32*** 
(0.108) 

-0.42*** 
(0.112) 

-0.279** 
(0.128) 

-0.315*** 
(0.111) 

-0.29** 
(0.106) 

NETDENSITY x R1 -0.015 
(0.136) 

-0.051 
(0.136) 

-0.03 
(0.155) 

0.011 
(0.139) 

-0.085 
(0.130) 

NETDENSITY x R3 -0.189 
(0.129) 

-0.037 
(0.136) 

-0.23 
(0.159) 

-0.186 
(0.129) 

-0.201 
(0.129) 

CONTINUITY 0.059 
(0.118) 

0.161 
(0.113) 

0.047 
(0.116) 

0.002 
(0.125) 

0.129 
(0.107) 

CONTINUITY x R1 -0.22 
(0.145) 

-0.32* 
(0.140) 

-0.248 
(0.148) 

-0.15 
(0.152) 

-0.29* 
(0.132) 

CONTINUITY x R3 -0.07 
(0.136) 

-0.19 
(0.128) 

-0.05 
(0.137) 

0.017 
(0.148) 

-0.20 
(0.130) 
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Table 4-4. Continued 
Model Main (a) (b) (c) (d) 
Number of Variables 40 43 44 42 42 
LogLikelihood 114.82414 120.22713 117.5489 117.61988 119.51025 

Mu (u ) +     0.257* 
(0.102)     0.141     0.129      0.261** 

(0.103) 
     0.119 
(0.142) 

Eta++ 0.086** 
(0.102)  0.088*** 

(0.023) 
0.074*** 
(0.024) 

0.095*** 
(0.024) 

Gamma +++     0.567      0.63     0.698      0.62      0.668 
Dependent variable:  Ln (TotalCost); Number of observations 328 
Confidence levels: *** 99%; ** 95%; * 90%; Standard Errors in parenthesis. 
+ Predicted Mu (u) after estimation comes from the estimate of minus the natural log of the 
technical efficiency via E(uit | eit) where eit  is the residual term. 
++Eta is defined as  
+++ Gamma is defined as γ = σu 2 /σ 2 where σ 2 is the sum of the variance for the term 
parameters noise and inefficiency (σ 2 = σV 2 + σu 2) 
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Figure 4-4. Movement towards efficient frontier from 1996 to 2003  
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Figure 4-5. Actual total costs (black line) and prediction (dashed gray line) for 2003 

 

 

 

 

 
 
Table 4-5. Inefficiency statistics by region for 2003 
 Mean SD p50 min max  
Mountains 28% 14% 28% 5% 46%  
Forest 22% 13% 19% 5% 42%  
Coast 28% 14% 26% 3% 57%  
All 27% 14% 27% 3% 57%  
(Inefficiency is estimated as minus the natural log of the TE via E (uit | eit)) 
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Table 4-6. Results from efficiency regression-dependent variable average efficiency 
Model Coefficient      

R1  -0.017 
 (0.077) 

    

R3   0.034 
(0.086) 

    

MORETHANONE  -0.036 
 (0.076) 

    

NPROV   0.015 
 (0.015) 

    

COVERAGE   0.105 
 (0.293) 

    

NEGCHIDX   0.019 
 (0.065) 

    

PIDXJ   0.020 
 (0.071) 

    

NETDENSITY   0.0003 
 (0.0007) 

    

CONTINUITY   0.002 
 (0.005) 

    

R-squared   0.123     
Standard Errors are in parenthesis. 
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APPENDIX A 
DESCRIPTION OF VARIABLES FOR DATA COLLECTION 

General Characteristics for Each Service Provider in Central America 

1. Service provider name and year beginning operations 

2. Public (government) or private operation 

3. Scope of the company according to country jurisdictional organization: state, municipal,     
district 

4. Type of service: water, sewerage or both.  

5. Source of water: surface or underground 

6. Localities: refers to the number of localities where the company provides service according 
to the country jurisdictional organization (districts, municipal or status) 

7. Region: refers to the region the company is located in case the country has specific regions 
regarding some type of geographic or topological characteristics, eg mountains or coast.  In 
case the company serves different locations indicate region for each location.   

Outputs 

1. Volume of water (cubic meters or litters - annual):  
a) Produced: total annual gross volume extracted from its origin point, whether surface or 

underground.  

b) Delivered: total annual volume entering into the distribution network. 

c) Billed: total annual volume that is billed to customers. 

d) Collected: total annual volume for those bills that have been collected.  

e) Treated: volume of water treated alter used by customers. 

f) Total volume of water lost 

g) Commercial lost: difference between volume delivered to the distribution network and 
volume billed.  

h) Operational lost: difference between volume produced and volume delivered to the 
distribution network.  

2. Number of water connections and sewerage: 
a) Total 
b) Residential, Commercial and  Industrial 
c) With meter 
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d) Active 
e) Number of consumers water and sewerage: 
f) Total population (usually from country census) 
g) Population served with water and sewerage  
h) Number of inhabitants per connection (or number of inhabitants per household) 

3. Network length - water and sewerage (km): total network length including the distribution   
    network. 

 
Inputs 

1. Number of workers and its costs (or expense):  
a) Total  
b) By contract(limited time or money amount)   
c) Fixed (they receive company benefits)   
d) Types of workers – administrative, operational, managerial 

2. Volume of energy and its cost (Kva or another unit).  
3.  Capital stock:  

a) Non-current assets 
b) Accumulated depreciation   
c) Annual depreciation 

4. Administrative Expenses 
5. Financial Expenses 
6. Operating costs 
7. Total Cost 
 

Quality 

1. Water quality: any variable defining water quality (e.g. percentage of residual chlorine) 
2. Continuity: number of hours a day customers receive water service 
3. Quality of service:  

a) Number of complaints received or served 
b) Number of failures or problems received or fixed 

4.   Number of network leaks 
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APPENDIX B 
SUMMARY OF PERFORMANCE ANALISYS METHODOLOGIES  

Methodology Outputs Inputs 
Technology 
functional 
form 

Period Purpose 

Performance 
Indicators 

Water lost, 
metering, 
coverage, 
network 
density, water 
consumption 

Number of workers/ 
1000connect 

Ratio of 
single 
variable 

2002 
2005 

Productivity 
change of one 
factor for a 
particular firm 

TFP-
Laspeyres, 
Paasche, 
Fisher 

1) VolWaterBil  
  
2)#Connections 

Labor + Energy 
Ratio of 
linear 
combination 

2002 
2005 

Productivity 
change of a 
few factors for 
a particular 
firm 

TFP- 
Tornqvist 

1) VolWaterBil   
 
2)#Connections 

Labor + Energy 
Ratio of log 
form 
combination

2002 
2005 

Productivity 
change of a 
few factors for 
a particular 
firm 

DEA 
 frontier 

1) VolWaterBil 
+ number of 
connections 
 
2) VolWaterBil 
+ net.density  

1)GNI + Labor + 
netleng 
 
2) GNI + Labor 

Ratio of 
linear 
combination 

2005 

Tech 
efficiency of a 
firm 
considering 
multiple inputs 
and outputs, 
with respect to 
best practice 
within a group 

Malmquist 
catch-up 
 effect 

1) VolWaterBil 
+ number of 
connect 
 
2) VolWaterBil 
+ net.density 

1)GNI + Labor +     
netlength 
 
2) GNI + Labor 

Ratio of 
Distances 

2002 
2005 

Movement of a 
firm towards 
tech efficient 
frontier set by 
a group 

Stochastic 
Cost frontier VolWaterBil 

GNI  
Labor 
Energy 

Linear log 
combination 

2002 
2005 

Central 
tendency of 
cost efficiency 
for a group of 
firms 
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