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Abstract 

Benchmarking has been suggested as a useful regulatory tool for water companies in both developed and developing 

countries, specially due to the predominance of public firms in these sectors. However, in order to be effective, the 

comparisons should reflect differences in the firms’ performances, rather than capture differences in their operating 

contexts. In this paper I apply a conditional data envelopment analysis (DEA) benchmarking technique that 

specifically controls for this, i.e., the conditional DEA approach. As a result, I find that conditioning on the 

population density in each firm’s area of operation affects the estimated efficiencies in a significant way. The results 

are consistent with previous findings in other countries (which use different methodologies), and are new in the case 

of Peru. 
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Introduction 
 

Providing  incentives  for  the  efficient  performance of water companies in developing  countries is a complex 

issue,  not  least   because  of   the  prevalence  of  state-owned  companies  in  these  sectors.  While  the  theoretical 



 

 
 
 

 

 

 
 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 

ICPE

International Center for
Promotion of EnterprisesG. Diaz (2016)

Public Enterprise
�o���e� 22�� �ss�e� 1�� pp.� 1������ 2016

incentive regulation literature has largely focused on profit-maximizing firms, empirical studies have simul­
taneously shown evidence that would contradict this behavioral paradigm in the case of government-owned
firms.1

1For example, Dewenter & Malatesta (2001), studying a very heterogeneous sample of firms in several sectors, find that
government-owned firms are significantly less profitable than private firms, and tend to be more labor intensive. On the other
hand, Seim Waldfogel (2013), in a study about of liquor retail stores, conclude that the behaviour of the public monopoly is
best rationalized as “profit maximization with profit sharing”.

2Portela, Thanassoulis, Horncastle & Maugg (2011) extended the analysis for the period 1993-2007, and even finds a decline
in productivity starting in 2005.

3Also, Estache, Perelman & Trujillo (2005) concluded that there is scant evidence of any differential overall performance
between public and private operators in the water sector, after surveying productivity studies in developing countries.

4Berg & Lin (2008) show that deterministic DEA can be considered a robust benchmarking technique in the Peruvian case,
by showing that the performance rankings produced with this technique are not too dissimilar to those produced with stochastic
DEA techniques, theoretically more robust to outlier observations.

The empirical evidence in the water sector, however, points to a slow productivity growth in most instances,
irrespectively of the ownership configuration. For example, Saal, Parker & Weyman-Jones (2007) found
increased technical change in the UK in the years following the privatization, but, also, equally significant
efficiency losses in the newly-privatized water and sewerage companies, summing up to a non-existent net
effect.2 In the case of Peru, where the companies have not been privatized, Lin & Berg (2008) did find some
productivity growth in the period 1998-2002 (mostly from technical change, no efficiency gains), but very
modest.3

Therefore, the question of how to provide incentives for efficiency to public companies remains open. One
common approach taken by the regulatory agencies, as in Peru, has been the use of publicly benchmarking
the companies in the sector, with the hope that the public pressure from stakeholders provide the incentives
for efficient performance. In fact, in the case of Netherlands, De Witte & Saal (2010) found positive effects
on prices and efficiency from this simple approach, named as “sunshine regulation” by the authors.

The objective of this study is to contribute to this literature by proposing a method, within the DEA
framework, to benchmark the productive efficiency of the firms in the Peruvian water sector, but taking into
account the heterogeneity in the operating context that the companies face. As suggested by Berg & Lin
(2008), “to be of use to regulators (...), and to be accepted by other stakeholders, performance comparisons
must be robust to promote confidence that the performance rankings do indeed reflect managerial skill rather
than accidents of geography or history” (p.794). Although DEA as a benchmarking technique has been
proposed and implemented in previous studies (Berg & Lin, 2008; Lin, 2005), these studies did not take into
account the heterogeneity in the firms’ operating contexts.

In the context of input-oriented efficiency analysis, this means that input usage requirements can be different
in different operating contexts. For example, in cities with low population density, the amount of inputs (i.e.,
length of water network) required to reach a certain output level can be higher than in more highly densely
populated areas. In this sense, the ideal would be to perform the comparison conditional on having relatively
similar levels of population density. This is precisely the objective of the conditional DEA method, proposed
in Daraio & Simar (2005). In order to keep the practical applicability at a simple level, this method is applied
within a deterministic DEA approach.4

The previous literature in the Peruvian case suggest the importance of the contextual (also called “envi­
ronmental”) heterogeneity, beyond the control of the firms, to partially explain differences in performance.
Corton (2003), for example, shows that the number of districts in the area of operation and the natural region
where the firm is located are statistically significant to explain the variation in operating costs (controlling
for length of mains).
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�����&�
�� ������+��	 ��� ��!� ��	��%���$ ��##��������	 �1�!�" ���@���*�" ��!� ���������� ��&������$ �+"��!� ������&�
��
�����+��	( �
	�� �� ���+�� ��� ��		��� �%�$��4(���$ �������$ ������ ��!� �*���� �	����� ��� ����'��, ��!� �%��� �$�##������
+��*��� ��!��� �%��!�$	 ���$ ��!� ����	 �������$ �!��� ��	 ��!�� ��!� ����$������� �.�� �%��!�$��� " �$��	 ���� ��%��	�
����%����� ����	������	 ��� ��!� ��������� �+��*��� ��!� ������&�
�� ������+�� ���$ ��!� �
����$������� �.�� ��	��%���$
�##��������	,

�� ��� ��$	 ��� ��!� ��%������� ����$���� ��� �$�������$ ���
�����	( �.� �5���� �/ ����� �123-34�������$ ��!� �%��!�$
�����	�$ ��� ��!�	 �	�
$" �#����!� �.
��! ���	�( �+
� �
�$�� ��� �	���!�	��� �.�� �#��%�*��@,��!�" ���	� �#�
�$
�%������� ��� ����$����� ��!� �.�� ��	��%���	 ��� ��!� ����
������ �$��	��", ���%�����"( �D�$��� �123--4�������$ �� ������
�������%����� �%��!�$ ��� �����
��� ��!� �$����$���" ��#��!� ��##������" ��	��%���	 ��� ������&�
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������� ���	�( ���$ �#��$	 �� ����$�%����� ����� ��� ��!� ����
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����, ��!� ��$����� � ��#��!� ������������ �%��!�$��� ��	 ��	 ��!��( � �������"( ��!�" ����	�$�� ��!� ����� ��#����! ���$������
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