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Abstract

This paper provides a framework that aims at distinguishing the technological economies of
vertical integration from the vertical economies resulting from an ine�cient input allocation
due to upstream market imperfections. To illustrate our analysis, we use consistent panel
data econometric methods to estimate cost functions on a sample of North-American water
utilities. Contrary to what has been found for other network industries (electricity and gas
for instance), we show that the global and technological economies of vertical integration are
not signi�cant except for the smallest utilities.
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1 Introduction

Unprecedented transformations aiming at introducing more competition into sectors tradition-

ally considered as natural monopolies have been an important feature of public policy in the two

last decades. One of the key recommendations of policy-makers has been to break up monopo-

lies before introducing more competition.1 Behind this recommendation is the idea that natural

monopoly and potentially competitive parts of a utility should be separated to prevent compe-

tition distortions. In most network industries, the result has been to introduce competition at

the production stage while maintaining transmission and, in some cases, distribution as local

monopolies.

However, it has been recently argued that vertical disintegration of utilities can result in cost

e�ciency losses if production stages are characterized by strong economies of vertical integration.2

Identifying the determinants of economies of vertical integration (EVI) is however not straight-

forward. EVI may be �rst the consequence of market imperfections and monopoly power at the

upstream stages of the production process: if there are market imperfections, input allocation

at the downstream stage will be distorted resulting in higher costs. But a vertically integrated

structure can also be a cost e�ective solution if there are substantial needs for coordination and

adaptation across stages. This may occur if there are signi�cant technological complementarities

across production stages or if using intermediate markets involves high transaction costs.

A global measure of economies of vertical integration, as proposed by Kaserman and Mayo

(1991) or Kwoka (2002), does not permit distinguishing the technological and transactional

economies from those resulting from an ine�cient allocation of inputs due to market imperfec-

tions at an upstream stage. Yet, identifying the sources of EVI may be crucial in some cases. In

particular, disintegration may only be cost e�ective if upstream markets are competitive enough.

A regulatory authority should then promote a vertically disintegrated structure only if price dis-

tortions on the upstream markets can be limited. The conclusion given by a global measure of

vertical integration could be subject to controversy in such a case. For network industries (e.g.
1The question of liberalization of these industries, its economic implications and political issues are also in the

core of the structural reforms in the EU, see European Commission (1999).
2Interestingly, most of the empirical studies trying to assess the presence of economies of vertical integration

have reported substantial cost e�ciency gains for vertically integrated structures. Working on a sample of US
electric utilities, Kaserman and Mayo (1991) have shown that the cost is on average 11.96 percent higher for
vertically disintegrated services than for vertically integrated ones. Also working on a sample of US electric
utilities, Kwoka (2002) concludes that disintegration may result in a substantial cost increase, 42 percent on
average. Two recent studies suggest however that the economies of vertical integration might be lower. Nemoto
and Goto (2004) using a panel of 9 Japanese utilities observed from 1981 to 1998, report a cost e�ciency gain
for the vertically integrated structure between 0.13 and 2.97 percent. Last, Jara-Díaz et al. (2004) based on a
sample of Spanish electric utilities, conclude that joint generation and distribution may save 6.5% of costs.
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electricity, water, gas) characterized by strong technological interdependencies between produc-

tion and distribution stages, identifying the source of EVI is particularly important. Recently,

Nemoto and Goto (2004) have proposed a framework to estimate those technological externalities

by introducing the capital stock of the upstream stage into the downstream stage cost function.

Whereas this econometric study is the �rst to be explicit about the sources of EVI, it however

does not take account of market imperfections as a potential source of EVI. By separately es-

timating the cost functions of vertically integrated and non-vertically integrated structures and

by imposing marginal cost pricing on the upstream market, we make possible the distinction

between the two sources of EVI.

Within network industries, the water sector seems to be a special case in which direct com-

petition and production stage separation have not yet really been observed.3 Water utilities are

still viewed as natural monopolies that must be regulated by public authorities. This is quite

surprising as there are important similarities between water and the other network utilities where

competition has been successfully introduced.4 As in gas and electricity, the production stage of

the industry seems potentially competitive whereas the distribution stage presents some charac-

teristics of a natural monopoly. The network of pipes is naturally monopolistic like the networks

of pipes in gas and wires in electricity. So there is no obvious reason for limiting competition in

any part of the production process which does not appear to be a natural monopoly, except if

EVI are important. But as no measure of such economies have been yet published there is still

no clear answer to the optimal organization of the water industry. One objective of this paper

is to shed some light on this debate by providing an estimate of the EVI in the water industry.

The paper is organized as follows. In the next section, we discuss the nature of the EVI in

network industries with a special emphasis on the water sector. Then, we present the cost model

from which we derive the global and technological measures of the EVI. In the following section,

we describe the database and our investigation area. Last, we present the result of the empirical

application and we show that there are no signi�cant global economies of vertical integration

except for small water utilities. We also demonstrate that the technological economies are quite

low in the water network industry.
3England is a special case. The 1998 Competition Act has opened up the scope for more competition in water

industry. Inset appointments which allow the existing regulated water utility to be replaced by another for a
speci�c site are now authorized. Common carriage which occurs when one service supplier shares the use of
another's assets is also authorized by OFWAT.

4There are also important di�erences between networks but they cannot explain by themselves the absence
of competition. For instance, it is claimed that the absence of competition could be related to the lack of a
long-distance grid in water. But this lack can be the result of no competition in the past since incentives to
connect to other monopolists' systems are minimal with captive consumers.
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2 Structure of production and vertical integration

2.1 The nature of economies of vertical integration

If an industry is characterized by several successive production stages,5 a single �rm may be

able to produce the complementary products of these di�erent stages more e�ciently than would

several �rms. Such industries present, at some stages, EVI, i.e. the total cost of producing is lower

in a vertically integrated structure than in a disintegrated one. Sources of EVI, although di�cult

to identify, can be classi�ed into three main categories: technological economies, transactional

economies and economies resulting from an ine�cient input allocation due to upstream market

imperfections.

First, vertical integration may be a cost e�ective solution in the presence of technological

economies. These technological economies come from physical interdependencies in the produc-

tion process. There are technological economies if there are economies of scope across di�erent

production stages, that is if there are important complementarities or coordination economies

across stages. These coordination economies include a greater adaptability to non-anticipated

events and better information for taking a decision that will have an e�ect at di�erent produc-

tion steps. Typically, in networks, joint optimization of production plant capacity and the size

of the transmission system will lead to technological economies. Costs can also be reduced if

integration of �rms results in a closer geographic proximity of production units. Finally, vertical

integration can facilitate investment in specialized assets by making it possible to avoid the hold-

up problem. One important drawback of vertical integration is that it may decrease �exibility.

Moreover, vertical integration raises some capacity balancing issues. In the absence of alternative

input sources, the integrated �rm may be compelled to build excess upstream capacity to meet

the downstream demand in all conditions.

Transactional economies, associated with the use of intermediate product markets, may be

another important determinant of vertical integration. The transaction costs mainly correspond

to coordination costs, i.e., to cost re�ecting the design, the negotiation and the enforcement

of contracts between buyers and sellers. Transaction costs also involve costs related to asset

speci�city, to the incomplete nature of contracts and to the problem of asymmetric informa-

tion. Transactional economies may come from a reduction in opportunistic behavior in bilateral

exchange, and from an e�cient con�ict resolution machinery, Williamson (1985). However, an
5We may think to the usual distinction between production, transmission and distribution in the electric

industry or in the telecommunication networks.
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important limit to the presence of transactional economies is the size of the vertically integrated

structure. Large integrated �rms will result in important internal incentive problems. This is

especially the case if the managerial objectives at each production stage are not aligned with

the overall objective. In a vertical setting, a subordinate manager may have lower incentives to

come up with good ideas to reduce production costs, as this investment may by expropriated by

the �rm's owner, Grossman and Hart (1986). Hence, transactional economies will exist if the

coordination gains outweigh the internal incentive costs.

Other driving forces of vertical integration are market imperfections. In particular, if there

are important scale economies at the production stage, the upstream �rms may bene�t from

large pro�t margins. This will result in an ine�cient combination of inputs at the downstream

stage. Cost e�ciency may favor a vertically integrated structure in such a case. However,

vertical integration, by aggregating monopoly positions may lead to the need for a heavier form

of regulation, especially for protecting �nal customers. Moreover, vertical integration may result

in a foreclosure problem. Foreclosure refers to a dominant �rm's denial of proper access to an

essential good in order to extend monopoly power from one market to another, see Hart et al.

(1990) or Rey and Tirole (2003). The foreclosure issue does not seem to be the main market

imperfection problem for the water sector, since water suppliers usually operate on geographicly

separated markets.

In assessing the optimal degree of vertical integration in a network industry, it is important to

distinguish the technological economies (non duplication of �xed costs, better coordination, . . . ),

that favor a vertically integrated industry from those resulting from price distortions on markets

for intermediate goods, that may favor vertically separated �rms. It is crucial to separate and

identify these two issues as it is clear that the welfare consequences of vertical integration will de-

pend upon the motivation for vertical integration. Integration to take advantage of technological

vertical economies will, other things equal, improve welfare.

2.2 Vertical integration in the water network industry

Vertically-integrated water utilities are still the norm in most countries. There are two main

reasons for the persistence of such market structures. First, an important characteristic of water

supply services is that they are local: the production plant and the distribution network are

often very close (mainly because of network losses and alteration of the water quality during

transportation). Second, quality is essential and introducing multiple water suppliers in the

same distribution network may create some di�culties, Bisshop (2001). These di�culties include
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the compatibility of water treatments realized by di�erent producers, the origin of water in the

network, or the liability in case of sanitary problems.

Coordination between the delivery service and producers is also important, especially for the

volume of water that must be injected into the network. The distribution stage may require

additional water �ow from the production stage in order to compensate for a low rate of network

return or to adapt deliveries to peak-load demand. Each stage of the water supply process

(production and distribution) is also constrained by pressurization facilities. Once again, good

coordination between the two stages is necessary to maintain a su�cient pressure at the taps of

users. Other problems can arise depending on whether the network is meshed or in arborescence.

In the �rst case, the water can circulate in all directions. In the second case, water �ows thanks

to gravity and the production stage must be located upstream.

2.3 Measuring economies of vertical integration in a multi-stage industry

Several studies (mostly focusing on the electric sector) have tried to assess the level of the EVI

using di�erent frameworks. First, some authors (Lee, 1995, Hayashi et al., 1997) have tested the

cost separability of the di�erent production stages. The issue addressed by these authors is in

fact to test whether input proportions used to produce the �nal output depend or not on the

price of the intermediate good. As noted by Kwoka (2002), this indirect test does not allow to

properly measure the EVI.

Kaserman and Mayo (1991) have proposed to measure the EVI by evaluating the economies

of scope in a multiproduct cost framework. The idea is that a fully vertically-integrated utility

produces all stage outputs. By nullifying one output, the production cost speci�c to this output

can be assessed. In a two-stage production process, Kwoka (2002) has adapted this framework in

order to properly compare the costs of an integrated utility with the cost of a pure-distribution

utility.

Three major drawbacks emerge from this measure of the EVI. First, this approach requires

estimation of a single cost function. The implicit assumption is that the data generating process

of the cost of a utility does not depend on the vertical organization of the sector. In other

words, it is assumed that the production technology and the estimated parameters are identical

whether the �rm is integrated, a pure-production utility or a pure-distribution utility. But

this implicit assumption is not likely to hold as the production technology may strongly di�er

with the vertical organization and hence so may the cost-minimizing programs of the di�erent

utilities. Second, the measure of EVI proposed by Kaserman and Mayo (1991) and Kwoka (2002)
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is a global measure that does not allow distinguishing between technological determinants and

input allocation distortions resulting from market imperfections. Last, because the de�nition

of economies of scope involves zero output at some stage, using a translog cost function is

not possible. Previous studies have estimated a quadratic cost function that imposes some

constraints, making the approximation of the cost function less �exible.6 For these reasons, we

propose to estimate a cost function speci�c to each type of utility. This requires us to estimate

a cost function for a vertically-integrated (VI) utility and cost functions for all types of non-

vertically integrated (NVI) services.

Still in the electric utility context, Nemoto and Goto (2004) have recently proposed to mea-

sure technological externalities by testing if the cost function of the transmission-distribution

stage depends upon the capital used at the generation stage. This is a strong assumption since

technological EVI may potentially have many other sources (for instance some variable inputs

used at the upstream stage may also be used at the downstream stage, some economies of coor-

dination between stages may also not depend upon the level of capital, etc.). Moreover, Nemoto

and Goto (2004) estimate only a distribution cost function and do not consider the e�ect of

market imperfections as a potential motive for vertical integration.7

2.3.1 Cost structure for a vertically-integrated utility

In order to simplify the presentation of the model we consider a �rm characterized by two

vertically related production stages, indexed by s = 1, 2 and called the production and the

distribution stage, respectively. The cost model can easily be extended to a higher number of

successive stages.

At stage s, the utility uses a vector Xs of ks inputs and we denote by Zs the capital and

technical variables of the corresponding stage. We let Y1 denote the intermediate output produced

at the �rst stage, Y2 the �nal output produced at the second stage, and g the production function
6The main limitation of the quadratic functional form is that it is not linearly homogeneous in input prices.

Such a property can be imposed on the translog form through a set of parameter constraints, but this cannot
be done in the quadratic case without loosing its �exibility (Caves et al., 1980). Moreover, the translog function
allows the analysis of the underlying production structure (homogeneity, separability, economies of scale, etc.)
through simple tests on estimated parameters and the �rst order coe�cients can be directly interpreted as cost-
product elasticities (at the approximation point). Last, the number of parameters to be estimated is larger for
the quadratic function than for the translog thanks to constraints imposed on the translog function (such as
homogeneity in factor prices and symmetry).

7Moreover, Nemoto and Goto (2004) model the electricity input received from the production stage as being
quasi-�xed at the transmission-distribution stage. Instead, we propose to introduce the relationship between the
two stages through the price of water sold by the production to the distribution stage. Identi�cation of technical
EVI is then made possible by equalizing the water price to the marginal cost of the production stage, which
depends among other things on the production stage capital stock. Hence, our proposed measure of technological
EVI implicitly takes into account all technical characteristics of the production stage, including the capital level.
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of the VI utility.8 The overall cost minimization program of the VI utility can be written:

min
X1,X2

∑

k1

w1k1 ×X1k1 +
∑

k2

w2k2 ×X2k2 s.t. Y2 = gvi(X1, X2|Z1, Z2),

where w1 and w2 are the factor prices of stages 1 and 2 respectively.

The overall cost function of the VI utility is:

Cvi(Y2, w1, w2|Z1, Z2). (1)

Cost minimization requires equalization of the relative marginal productivity of inputs at each

stage, and also across the two successive stages. Equalization of relative marginal productivity

of inputs across stages is speci�c to a vertically integrated structure.

2.3.2 Cost structure for non-vertically integrated utilities

Let us assume now that the two stages are not integrated. The gross output Y1 is produced by

a utility (production utility) and f1 is the associated production function. Then Y1 is sold to

another separated utility (distribution utility) which uses it as an input of the distribution stage

with the production function f2.

We �rst consider the production utility, s = 1. The cost minimization program can be

written:

min
X1

∑

k1

w1k1 ×X1k1 s.t. Y1 = fnvi
1 (X1|Z1).

The non-vertically integrated production (NVI production) cost function is:

Cnvi
1 (Y1, w1|Z1) =

∑

k1

w1k1 × X̂nvi
1k1

(Y1, w1|Z1), (2)

where X̂nvi
1 (Y1, w1|Z1) represent the input derived demands.

Cost minimization at the production stage requires equalization of the relative marginal

productivity of inputs used at this stage.

Now we consider a distribution utility that must buy the intermediate good Y1 at a unit price
8In the water network industry, Y1 and Y2 represent the volume of water respectively withdrawn and sold to

�nal users.

8



wY1 . For such a distribution utility, the cost minimization program can be written:

min
Y1,X2

wY1Y1 +
∑

k2

w2k2 ×X2k2 s.t. Y2 = fnvi
2 (Y1, X2|Z2).

The non-vertically integrated distribution (NVI distribution) cost function is:

Cnvi
2 (Y2, wY1 , w2|Z2) = wY1 × Ŷ nvi

1 (Y2, wY1 , w2|Z2) +
∑

k2

w2k2 × X̂nvi
2k2

(Y2, wY1 , w2|Z2), (3)

where X̂nvi
2 (Y2, wY1 , w2|Z2) is the derived demand in second stage inputs and Ŷ nvi

1 (Y2, wY1 , w2|Z2)

the derived demand in intermediate good.

Cost minimization at the distribution stage requires equalization of the relative marginal

productivity of inputs used at this stage. These inputs include the intermediate good, Y1. The

VI and the NVI structures are equivalent if and only if the two following conditions are satis�ed:

wY1 =
∂

∂Y1
Cnvi

1 (Y1, w1|Z1) (4)

gvi(X1, X2|Z1, Z2) = fnvi
2 (fnvi

1 (X1|Z1), X2|Z2), (5)

that is if the intermediate good in a (non-vertically integrated) production utility is priced at its

marginal production cost and if the production function of the VI structure can be decomposed

into the two successive NVI stages. As we do not impose condition (5), we take into account

the possibility that being vertically integrated or not may result in di�erent technologies of

production (due for instance to the speci�city of assets or the need to solve internal incentive

problems in the vertically integrated case).

Finally, the overall cost for a NVI structure is equal to the variable cost of the production

and the distribution stages less the intermediate good expenses of the distribution utility. These

expenses correspond, in fact, to a monetary transfer from the distribution utility to the pro-

duction utility that cancel out when considering the whole vertical structure. Moreover, as the

produced volume Y1 supplied to the distribution utility corresponds to the optimal derived de-

mand in intermediate good of the distribution utility Ŷ nvi
1 (Y2, wY1 , w2|Z2), the overall cost for a
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NVI structure is:

Cnvi(Y2, wY1 , w1, w2|Z1, Z2) =Cnvi
1 (Ŷ nvi

1 (Y2, wY1 , w2|Z2), w1|Z1) + Cnvi
2 (Y2, wY1 , w2|Z2)

− wY1 × Ŷ nvi
1 (Y2, wY1 , w2|Z2)

=
∑

k1

w1k1 × X̂nvi
1k1

(Ŷ nvi
1 (Y2, wY1 , w2|Z2), wY1 , w1, w2|Z1, Z2)

+
∑

k2

w2k2 × X̂nvi
2k2

(Y2, wY1 , w2|Z2).

(6)

2.3.3 Economies of vertical integration

A direct comparison of Cvi and Cnvi allows us to measure the global economies of vertical inte-

gration, that is economies of integration resulting from both technological e�ects and from an

ine�cient input allocation.9 The global economies of vertical integration (GV I) are measured

by the ratio:

GVI =
Cvi(Y2, w1, w2|Z1, Z2)

Cnvi(Y2, wY1 , w1, w2|Z1, Z2)
. (7)

If GV I < 1 then the vertical structure is characterized by global economies of vertical integration.

In other words, given the level of �nal output to be produced Y2, the price of inputs (w1, w2) and

the price of the intermediate good wY1 , a vertically integrated structure will produce at a lower

cost. On contrary, if GV I > 1, there are diseconomies of vertical integration and two separated

utilities are more e�cient. Finally, if GV I = 1, there are neither economies nor diseconomies of

vertical integration.

As mentioned previously, such a measure of economies of vertical integration mixes the tech-

nological e�ects (interdependence between the two stages in the case of integrated structure and

asset specialization in the case of non-integrated structure for instance) with the market e�ects

(noncompetitive market for intermediate good resulting in a none�cient allocation of inputs at

the second stage). In order to identify these market and technological e�ects, we propose the

following approach: �rst we compute the total cost of a non-vertically structure while imposing

that the intermediate good to be sold at its marginal production cost and, second we compare

this cost to the cost of a vertically integrated structure.

First, we consider the NVI production utility. Following equation (2), the cost function is

Cnvi
1 (Y1, w1|Z1). Let us assume that the intermediate good is sold at its marginal production
9It is clear that if the vertical organization choice is not random, such a direct comparison will su�er from a

sample selection bias. A consistent estimation of the cost functions requires in such a case to control for di�erences
inducing the vertical organization choice. We will more formally address this issue in the empirical part of this
article.
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cost. In this case following equation (4) we have:

wY1 =
∂

∂Y1
Cnvi

1 (Y1, w1|Z1). (8)

As the right hand-side of this equation depends upon Y1, the unit price for the intermediate

good will be a complex function of the quantity. It is important to notice that this condition

does not necessary mean that the market for the intermediate good is assumed to be perfectly

competitive. A �xed charge may be used by the production utility to recover losses in case of

increasing returns to scale. But in that case, the �xed charge does not have any e�ect on input

allocation at the distribution stage, and what really matters is the marginal price. The �xed

charge is just a transfer from the distribution utility to the production utility that will cancel

out when evaluating the total cost of the NVI structure. Condition (8) de�nes the price of the

intermediate good as a function of the �rst-stage output and �rst-stage input prices:

wY1 = wY1(Y1, w1|Z1). (9)

Let us now consider the NVI distribution utility. The derived demand for Y1 is Ŷ nvi
1 (Y2, w2, wY1 |Z2),

see equation (3). Marginal cost pricing at the �rst stage gives:

Ỹ nvi
1 (Y2, w1, w2|Z1, Z2) = Ŷ nvi

1 (Y2, w2, wY1(Y1, w1|Z1)|Z2). (10)

The total cost, net of the intermediate good purchase cost, for a NVI distribution utility with

marginal cost pricing at the �rst stage, is:

∑

k2

w2k2 × X̂nvi
2k2

(Y2, w2, wY1 |Z2) =
∑

k2

w2k2 × X̂nvi
2k2

(Y2, w2, wY1(Y1, w1|Z1)|Z2)

=
∑

k2

w2k2 × X̂nvi
2k2

(Y1, Y2, w1, w2|Z1, Z2)

=
∑

k2

w2k2 × X̂nvi
2k2

(Ỹ nvi
1 (Y2, w1, w2|Z1, Z2), Y2, w1, w2|Z1, Z2)

=C̃nvi
2 (Y2, w1, w2|Z1, Z2).

(11)

Using equations (2) and (10), the cost function of the NVI producer utility is a function of Y2,
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w1, w2, Z1 and Z2:

C̃nvi
1 (Y2, w1, w2|Z1, Z2) = Cnvi

1 (Ỹ nvi
1 (Y2, w1, w2|Z1, Z2), w1|Z1). (12)

The overall cost of a NVI structure, imposing condition (8), is:

C̃nvi(Y2, w1, w2|Z1, Z2) = C̃nvi
1 (Y2, w1, w2|Z1, Z2) + C̃nvi

2 (Y2, w1, w2|Z1, Z2). (13)

Condition (8) means that the overall cost of a NVI structure no longer depends on the price of

the intermediate good wY1 . Moreover imposing this condition suppresses any misallocation of

inputs due to market imperfection. Thus, any remaining economies of vertical integration are

now purely technological. The technological economies of vertical integration, TV I, are measured

by the ratio:

TVI =
Cvi(Y2, w1, w2|Z1, Z2)

C̃nvi(Y2, w1, w2|Z1, Z2)
(14)

If TV I < 1 then the vertical structure is characterized by technological economies of vertical

integration. If TV I > 1, there are technological diseconomies of vertical integration. Finally, if

TV I = 1, there are neither technological economies nor diseconomies of vertical integration.

It should be noticed that the economies of vertical integration we have de�ned (both global

and technological) are based on a comparison of the cost e�ciency of the alternative vertical

structures. One may argue that the normative implications derived from these measures should

be treated with caution as a cost minimizing vertical structure may not be the one maximizing

social welfare. In particular, if upstream market imperfections are diminished due to vertical

integration, this may be a bene�t of the integrated structure. However, society might be much

worse o� if upstream market power falls in the hands of a vertically integrated industry. Indeed,

due to possible technical e�ciencies, market power might be larger in the case of an integrated

�rm than in the case of two separate �rms. But one speci�c characteristic of the water sector

is that the �nal user market is usually regulated by a public authority. This is for instance the

case in the US where State Public Service Commissions exercise their authority and in�uence

to ensure that consumers receive safe, reliable and reasonably priced services from �nancially

viable and technically competent utilities. If the �nal water market is highly regulated, what

really matters in terms of social welfare is to minimize production costs. In such a case, the GV I

and TV I indexes will provide the public authority with an indication of the optimal vertical

structure.
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3 Vertical integration and costs for Wisconsin water utilities

The Wisconsin case is quite typical of the North-American water industry. The water utilities in

Wisconsin are on average small. In 2003, there were approximately �ve hundred water systems in

Wisconsin, each delivering water to less than three thousand customers, on average. Most of the

water services are municipally owned: in 2003, only 6 over the 512 utilities were privately owned.

Wisconsin water utilities are regulated by the Public Service Commission of Wisconsin (PSC).

The general principle of regulation for Wisconsin water utilities is a rate of return framework.

However, in practice di�erent regulatory schemes are implemented (regular rate of return, hybrid

rate of return and interim price cap), see Aubert and Reynaud (2005) for further details.

3.1 Vertically and non-vertically integrated water utilities in the Wisconsin

Following the theoretical model, we consider a two-stage production model. The Production &

Treatment stage, P&T, corresponds to resource extraction, transfer from the source of supply

to the production facilities and treatment of raw water. The Transmission & Distribution stage,

T&D, includes all the operations involved in the transmission of water to �nal customers through

distribution mains and the customer services.

The PSC regulates three classes of water utilities de�ned by the number of �nal users. Due

to data limitations, we were not able to keep the smallest utilities in our sample. We have a

balanced panel of 211 services observed yearly from 1997 to 2000 in our sample. The vertically

versus non-vertically utility groups are de�ned as follows:

• Vertically-integrated (VI) utilities. These utilities neither buy water from a wholesale sup-

plier nor resell water to another service. They are 171 pure vertically integrated utilities.

• Non-vertically integrated (NVI) distribution utilities. 23 utilities report a positive quantity

of water bought to another service but only 15 of these are classi�ed as NVI distribution

services. For the 15 services kept in our sample, the ratio of water bought to water produced

is higher than 95% (11 services depend exclusively on a wholesale water supplier) whereas

for the 8 dropped services, water brought from another utility is only a secondary source

of water.

• Non-vertically integrated (NVI) production utilities. 23 services report a positive quantity

of water sold to another water utility. In order to avoid any double counting, 6 services

also buying water from another services have been dropped. For the 17 remaining (NVI
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production services), the ratio water volume sold to another service to total water volume

sold varies from 1% to 35%.10

From 1997 to 2000, 15.9 million of gallons of water have been sold on average each year by

one water utility to another in the Wisconsin. This represents around 7.6% of the total water

distributed. Both resale and �nal user water prices are regulated by the PSC. For instance, there

exist some speci�c rules (the Purchased Water Adjustment Clause) that allow a supplier to revise

its water price in case of an increase of the water wholesale price. The average water resale price

for this period was 1.26 US$ per thousand of gallons (Mgals), compared to the average water

price for residential and industrial user, 2.73 and 1.53 US$ per Mgals respectively.

As mentioned previously, one possible positive e�ect of vertical separation could be to induce

more internal e�ciency, see Grossman and Hart (1986). In the speci�c case of the water industry,

vertical separation may induce more network e�ciency at the downstream stage and so, more

water savings. Due to market imperfections on the upstream market, the marginal price of

purchased water can be higher than the �rst stage marginal cost of production. Hence, the

downstream �rm may face more incentives to reduce network water losses.

Table 1: Network e�ciency and vertical integration

Network loss rate(a) Network loss index(b)

Obs. Mean Min Max Std. Dev. Mean Min Max Std. Dev.

Distribution Utilities 60 0.123 0.000 0.453 0.118 0.251 0.000 0.854 0.225
Integrated Utilities 684 0.166 0.001 0.515 0.087 0.260 0.008 1.615 0.169

(a): 1−Volume sold/volume produced, in (%).
(b): (volume produced−Volume sold)/network length, in (Mgals/Feet).

In Table 1, we compare the network e�ciency of water utilities according to the proportion

of water purchased from another service. It is interesting to notice that the network loss rate is

smaller for NVI distribution utilities than for VI utilities (about 12% on average versus more than

16% on average). This higher network e�ciency of NVI distribution utilities may be attributed

to a di�erent network structure. In order to take into account this possible e�ect, a network

loss index weighted by the network length has been computed. Results for this index are similar
10In the empirical application, we will control for the fact that these services are not pure NVI production utilities

by incorporating the ratio, water volume sold to another service to total water volume sold, as a parameter of the
cost function.
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(even if less strong) to those obtained with the network loss rate. Distribution utilities tend to

have less network losses than integrated services.

3.2 The data

Most of the data used for the econometric application have been provided by the Public Service

Commission (PSC) of Wisconsin and come from the annual report �lled each year by each water

utility. The annual reports provide expenses by production stage (source of supply, pumping,

water treatment, transmission and distribution). However, as we do not observe capital expenses

by production stage, we estimate a variable cost function for each stage.11

The P&T or stage 1 output, Y1, corresponds to the total water supply, that is the volume

pumped from groundwater and/or withdrawn from surface water. Y1 is measured in thousands

of gallons (Mgal). The T&D or stage 2 output, Y2, is the volume in Mgal sold by the water

utility to �nal customers.

We consider 6 inputs that may enter the production process at the P&T stage and/or the

T&D stage: labor, energy, chemicals, operation supplies and expenses, maintenance and water

purchased Y1. The unit price of labor at stage s, WLs measured in US$ per hour, has been

derived from the Occupational Employment Statistics (OES) Survey published each year by the

US Bureau of Labor Statistics, Department of Labor.12 The unit energy price, wE , is measured

in US$ per thousands of kilowatts. The unit energy price has been computed by dividing the

energy expenses by the quantity of energy used. The price of water is obtained by dividing the

water purchase expenses by Y1. The operation supplies and expenses and the maintenance inputs

correspond to various heterogeneous inputs. As it is di�cult to express these inputs in terms of

physical quantity, wOSEs and wMs for s = 1, 2 have been obtained by dividing input expenses

by the output of the corresponding stage, Ys. Prices indexes are then de�ned in US$ per unit

of output, see Appendix A for more details. For the chemicals input as we do not observe any

physical measure of the quantity used, we proceed in the same way and compute a price index as

a unit cost per thousand of gallons treated. Some descriptive statistics may be found in Table 2.

At the P&T stage capital is represented by the actual capacity (in gallons per minute) of
11Working on the electric network industry, Kwoka (2002) concludes that there are three main sources for

economies of vertical integration. The �rst and the largest cost saving from integration is the reduction in the
operating and maintenance costs of power supply. The second source identi�ed by the author is lower operation
costs of both transmission and distribution for integrated systems. Last, reduction of overhead expenses can be
expected in an integrated system. As all these costs are operating expenses, we believe that considering a variable
cost function with capital as a quasi-�xed input should not bias our measure of EVI too much.

12See Appendix A for more details about the computation of wLs.
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Table 2: Technological descriptive statistics

VI utilities: N = 171, T = 4

Variable Unit Mean Std. Dev. Minimum Maximum

Y2 Mgals 419,299 632,330 15,173 4,290,751
wL1 US$/Hour 15.77 1.83 10.98 21.07
wOSE1 US$/1,000 Mgals 33.87 42.87 0.13 458.94
wM1 US$/1,000 Mgals 72.56 98.48 0.06 1,345.53
wE1 US$ / Mkwh 64.39 22.09 0.09 334.79
wC1 US$/1,000 Mgals 57.08 55.30 1.50 443.16
wL2 US$/Hour 12.93 2.25 7.75 19.09
wOSE2 US$/1,000 Mgals 66.08 73.74 0.10 435.61
wM2 US$/1,000 Mgals 202.31 141.89 0.99 868.75
Length Feet 252,186 275,575 17,435 1,731,558
CAP1P Gals/minute 4,176 5,760 1 33,201
CAP1WT Gals 2.40 2.11 1 21.07
User - 3,137 3,775 57 22,919
Rt % 0.83 0.09 0.48 1.00

NVI production utilities: N = 17, T = 4

Variable Unit Mean Std. Dev. Minimum Maximum

Y1 Mgals 5,399,188 11,047,260 74,435 48,326,120
wL1 US$/Hour 16.31 1.78 10.98 20.54
wOSE1 US$/1,000 Mgals 18.83 24.34 0.06 109.05
wM1 US$/1,000 Mgals 65.74 88.14 0.52 631.02
wE1 US$ / Mkwh 53.05 16.04 32.80 147.19
wC1 US$/1,000 Mgals 65.09 75.56 5.45 269.34
CAP1P Gals/minute 79,029 204,338 650 876,000
CAP1WT Gals 10.79 18.86 0.30 79.00

NVI distribution utilities: N = 15, T = 4

Variable Unit Mean Std. Dev. Minimum Maximum

Y2 Mgals 692,098 639,186 131,223 2,377,548
wY1 US$/1,000 Mgals 0.97 0.36 0.47 1.79
wL2 US$/Hour 11.24 1.08 9.88 14.99
wOS2 US$/1,000 Mgals 110.61 86.36 25.26 541.258
wM2 US$/1,000 Mgals 191.94 91.81 18.06 388.21
Length Feet 361,906 287,858 87,677 1,098,054
User - 5,188 5,083 1,174 19,569
Rt % 0.92 0.06 0.75 1.00
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the pumping and power equipment and by the storage capacity (in thousands of gallons) of

reservoirs. These two variables are respectively denoted by CAP1P and CAP1WT . The physical

measure of the capital used for the T&D stage is given by the length (in feet) of the distribution

network, Length. The number of users is used as a technical variable, User. We also consider the

network return as a technical variable. For a vertically-integrated utility, the di�erence Y1 − Y2

mainly corresponds to the volume lost at the T&D stage but also to losses at the P&T stage

and to the volume internally consumed by the water utility. Thus, the water network rate of

return Rt is equal to Y2
Y1
. For a non-vertically integrated distribution utility, the network rate of

return corresponds to the ratio between the volume injected into the network and the volume

sold to �nal users. The di�erence between these two volumes is equal to the transmission and

distribution losses.

The descriptive statistics presented in Tables 1 and 2 reveal that the network e�ciency and

the size of water utilities (level of water supplied, network length or capital) vary with the type

of vertical organization. This may suggest that the water utilities are not randomly selected into

VI or NVI groups. Comparing the cost functions for VI and NVI utilities may require to deal

with this potential selectivity bias. We investigate this issue in the next section.

3.3 The cost model

One underlying assumption of neoclassical cost functions is that �rms minimize their cost subject

only to an output constraint. But some other constraints (type of regulation implemented,

rigidity in some input use) may also a�ect the cost minimization behavior of a �rm. The resulting

cost function may di�er from the neoclassical one. As discussed previously, although the general

Wisconsin principle of regulation for utilities is a rate of return framework, more than two-thirds

of the water utilities are regulated by an interim price cap scheme, see Aubert and Reynaud

(2005). Hence, the cost minimization behavior of most water utilities in Wisconsin �ts the

neoclassical framework.

A functional form must be chosen in order to estimate the NVI and the VI cost functions. We

use a translog approximation as it is convenient �exible functional form for computing substitu-

tion and network (density and scale) return measures, Christensen et al. (1973). The translog
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approximation of the cost function is, in vector form:

ln(V C) = α0 +
∑

i

αi ln wi + αy ln Y

+
1
2

∑

i

∑

i′
αii′ ln wi lnwi′ +

1
2
αyy(lnY )2 +

∑

i

αiy ln wi ln Y

+
∑

k

αk ln Zk,

(15)

where V C is NT ×1 and represents the variable cost. N is the total number of individuals and T

the number of periods (panel data). w represents the vector of input prices with i indexing each

input, Y the output and Z a vector of all other (k) variables (capital and technical variables).

Symmetry is imposed through the following restrictions: αii′ = αi′i. To ensure homogeneity of

degree one in input prices, we divide the variable cost and the input prices by the price of a given

input.13 The system of input demand equations is derived according to Shephard's lemma as:

Si = αi +
∑

i′
αii′ lnwi′ + αiy ln Y, (16)

where Si, a NT × 1 vector, represents the cost share of input i. The system made of the cost

function (15) and the cost share equations (16) less one14 is the cost model to be estimated.

4 Assessing the economies of vertical integration

4.1 Estimation methods for the cost model

The translog cost function along with its cost shares are estimated around the mean of observa-

tions (in logs). Hence, all right-hand side variables are normalized by their sample means. We

add to each equation an independently and identically distributed error term. As is standard

in panel data econometrics, the error term is decomposed in an unobservable individual speci�c

e�ect and a classical disturbance term. Two di�erent methods have been used to estimate the

cost model.

We use the Generalized Method of Moments (GMM, see Hansen, 1982) to estimate the

parameters of the cost model. This method possesses several interesting advantages. First, it

requires neither a precise de�nition of the model nor a speci�cation of its probability distribution
13This is equivalent to imposing a set of restrictions on cost function parameters :

P
i αi = 1,

P
i αii′ =P

i′ αii′ = 0,
P

i αiy = 0.
14As the sum of cost shares is equal to unity, one of them is dropped to avoid singularity of the variance-

covariance matrix of errors.
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(as required by maximum likelihood methods, for instance). Moreover, as will be discussed, some

variables in the right-hand side term of the system may be considered as endogenous. Hence,

following Cornwell, Schmidt, and Wyhowski (1992), the GMM estimator with panel data is based

on orthogonality conditions and Instrumental Variables (IV). Finally, the GMM method allows

us to identify the parameters associated with variables that are not time variant (which is not

possible using a Within method for instance).

For each equation of the cost model, we choose the instruments proposed by Hausman and

Taylor (1981).15 Using the moment conditions approximated by their empirical counterpart

leads to the GMM estimator of the system. The variance-covariance matrix is computed by

�rst estimating the parameter vector with a unit variance-covariance matrix for error terms (IV

method), and then minimizing the GMM criterion where the error terms are replaced by their

�rst-step IV residual estimates. This produces heteroskedasticity-consistent parameter estimates.

The system GMM estimator with panel data is:16

β̂SGMM = (R′AΦ̂−1A′R)−1R′AΦ̂−1A′Y, (17)

where Y is the (MNT×1) vector of dependent variables, R is the MNT×K matrix of regressors,

A is a MNT × L matrix of valid instruments, with M denoting the number of equations in the

cost system (cost and share equations), N the number of utilities, T the number of periods.

Moreover, Φ̂ is the variance-covariance matrix estimated from the IV residuals.

However, the GMM estimator possesses good properties only for large samples. As, we

have a limited number of observations for NVI production and distribution utilities, we use

another estimation method, based on the Seemingly Unrelated Regression approach (SUR, see

Zellner, 1962). Considering the estimation of a set of SUR equations with panel data, we apply

a �xed-e�ects method consisting in transforming all the variables of the system by the Within

operator (variables with a tilde in the equation below). After a (�rst-step) OLS estimation on the

transformed system, we replace error terms by Within-type residuals (see Baltagi, 1995, p.103),

so that the Within-SUR estimator of the cost model is:

β̂WSUR = [R̃′(Σ̂−1
ε ⊗ IHT )R̃]−1R̃′(Σ̂−1

ε ⊗ IHT )Ỹ , (18)
15There exist even more e�cient IV procedures, see Amemiya and MaCurdy (1986), and Breusch, Mizon, and

Schmidt (1989). However, given the size of our sample, the number of overidentifying restrictions is already
important and adding more instruments can lead to bias estimates. The choice of instruments is discussed in the
following paragraphs.

16See Garcia and Reynaud (2004) for a more detailed description of the method.
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where Σ̂ε is the variance-covariance matrix estimated from the Within residuals.

4.2 Cost estimates results

4.2.1 Cost estimation and sample selection problem

The cost functions for VI and NVI �rms have been separately estimated. As there are some local

factors that may explain the integration choice, any direct comparison of the two cost functions

may su�er from a selection bias. In order to test whether this problem is signi�cant or not,

we explicitly model the vertical integration decision using a discrete choice model.17 For water

service i, the choice at date t between the two regimes (VI or NVI) is represented by the following

sample selection equation:

y∗it = ωitγ + vit, (19)

where y∗it is a latent variable representing the cost di�erential between the two regimes and ωit

a vector of exogenous variables. We consider a probit model, that is we assume that vit is i.i.d.

N(0,1). From the previous equation, service i belongs to the VI regime if y∗it > 0, that is:

Pr[i ∈ V I|ωit] = Pr[y∗it > 0|ωit] = Pr[vit > −ωitγ] (20)

Notice that the selection equation depends on time, but in practice the service belongs to one of

the two regimes for all time periods.

First, we consider the VI cost function (random e�ects model, see section 4.1). We denote

by yit the dependent variable (i.e. the variable cost) for the VI regime. The equation of primary

interest is thus:

yit = xitβ + αi + εit, (21)

where αi is i.i.d. (0, σα), εit is i.i.d. (0, σε) and xit is a vector of variables in�uencing the cost.

Using the previous equations, we have:

E[yit|xit, i ∈ V I] = xitβ + E[αi + εit|xit, vit > −ωitγ] (22)

Since some regressors may be endogenous, the individual e�ects αi can be correlated with some

explanatory variables. Following Boumahdi and Thomas (1992), we suppose that the error terms
17Another approach would have been to follow a counterfactual method such as the one proposed by Lee (1978)

or by Lee et al. (1980). Unfortunately, such an approach cannot be implemented in our case, mainly because the
intermediate water price is not observed in the VI structure.
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of the selection equation may be correlated with the individual e�ects:

E[αi|xit, vit > −ωitγ] = ρλ(ωitγ) (23)

where ρ is the unknown correlation coe�cient between αi and εit and λ denotes the inverse Mills

ratio. The estimation procedure is the following one. First, following Wooldridge (2002), we

estimate for each t the equation Pr[i ∈ V I] = φ(ωiγt) using a standard probit model and then

we compute λ̂it ≡ λ(ωiγ̂t). Second, we estimate the cost equation including λ̂it as a regressor.

Denoted by ρ its associated parameter to be estimated, a simple test for selection bias consists

in testing the null hypothesis H0 : ρ = 0 using the t-statistic for ρ. As pointed out by Heckman

(1979), this procedure allows us to consistently estimate all the parameters of the model.

Next, we consider the second regime that is the NVI structure (�xed e�ects model, see section

4.1). Since the individual e�ects disappear after the Within transformation, it follows that this

estimator is a�ected neither by the endogeneity caused by some regressors nor by the endogeneity

due to selectivity.18 Hence, we do not need to add a correction term related to the selectivity

problem in the NVI regime.

As potential determinants of the VI/NVI choice, we include several technical variables related

to network and production characteristics of the water services. These variables correspond to

the determinants used for the estimation of the cost functions.19 In addition, some variables

describing the local conditions of the county where the service is located are also used as potential

factors explaining the choice of the vertical structure.20 The list of variables used in the probit

selection equation and the estimation results are displayed in the appendix C. The McFadden's

pseudo R-squared varies from 0.58 to 0.77 and the percentage of correctly predicted choices is

greater than 95%. First, the technical variables related to network and production characteristics

seem to have only a limited impact of the probability of being VI. Only the input prices (wL2 and

wOSE2) have a signi�cant impact and neither the length of network nor the number of users seem

to be signi�cant. On contrary, the local determinants have a signi�cant impact on this choice.
18However, we have also considered the case where the correlation may exist between εit and vit. In this case,

the null hypothesis that ρ is equal to zero is not rejected. Results are available upon request from the authors.
19We however impose some exclusion restrictions. First, we exclude from the selection equation some capital

variables such as CAP1P and CAP1WT as well as some input prices such as wOSE1, wM1, wE1, wC1. As noted by
Wooldridge (2002), the predicted inverse Mills ratio λ̂ can be approximated by a linear function of the explanatory
variables in the selection equation. If these variables are the same than those used in the regime equation, this
can lead to a problem of collinearity resulting in large standard errors for the structural parameter estimates of
the interest equation. Second, the network rate of return is also excluded as it is considered to be endogeneous.

20These variables include the population density, the average household income level or the share of one-unit
detached housings. These data have been provided by the U.S. Census Bureau and by the U.S. Bureau of Economic
Analysis and are de�ned at the county level.
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First, the income variable and the population density contribute negatively to the probability

of being VI and a high proportion of one-unit detached housings or a high share of the service

sector in the county GDP increase the probability to be VI. These results mean that, based on

observables, the integration choice is not random. The next step is to include the inverse Mills

ratio in the VI cost function, see column �Heckit� in Table D.1. The coe�cient associated to

the inverse Mills ratio is not statistically signi�cant (a value of -0.0245 for a standard error of

0.0197). Hence we do not reject the null hypothesis of no selection bias.21 From this result, we

conclude that there is no selection issue on unobservables.

4.2.2 Vertically-integrated water utilities

In order to use the GMM method, it is necessary to make some exogeneity assumptions for

constructing the orthogonality conditions associated to the GMM criterion. There are several

sources of potential endogeneity in our system of equations. First, the exogeneity of output levels

is quite doubtful in practice. As shown in Table 1, the network loss rate di�ers according to the

vertical structure of the water service. Garcia and Thomas (2001), working on a sample of French

water utilities, have shown that there exists a trade-o� between water network e�ciency and costs

of network repair. Injecting higher water volumes into the distribution network (and thus having

higher losses) may be in some cases a cost e�ective alternative to network maintenance costs.

For these reasons, the water output and the water network rate of return may be endogenous in

our model. Second, as some input unit prices are computed as a function of the water output,

they may be endogenous if the latter is. We will test the endogeneity of these variables using a

Hansen test.

The Hausman-Taylor instruments have been used in the estimation process. The matrix

of instruments is made of all time-varying regressors centered by the Within transformation

and all time-varying regressors but the endogenous ones cited above and their associated cross-

products.22 The matrix of instruments also contains all time-invariant variables supposed to be

exogenous. There are 50 parameters to be estimated with 88 instruments for the variable cost

function of VI utilities. These 50 parameters are presented in Table D.1 in Appendix D. We

have checked for the validity of the moment conditions with a Hansen test. The test statistic

is equal to 60.25 with 70 degrees of freedom.23 With an associated p-value equal to 0.7906, the
21In such a case, the unadjusted standard error for the Mills ratio presented in Table D.1 is valid, see Wooldridge

(2002).
22Using Hansen tests, we do not reject the exogeneity of input prices.
23The entire cost system contains 113 parameters for 183 instruments.
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model speci�cation and the choice of instruments are not rejected at the 5 percent level.

We have also reported in Table D.1 an estimation of the cost model using the iterated SURE

method. The value of coe�cients are similar.

Using Likelihood ratio tests, we have evaluated our cost speci�cation. More speci�cally,

we have tested the homotheticity of the production, the unitary substitution elasticity and the

possibility of a Cobb-Douglas technology. All null hypotheses are rejected at the 5 percent level.

Moreover, cost monotonicity and concavity in input prices are satis�ed since the estimated cost

shares are positive for a vast majority of observations24 and since the αii′ matrix (corresponding

to the quadratic terms related to input prices) is negative semi-de�nite.

4.2.3 Non-vertically integrated water utilities

As the number of observations is limited to 68 for NVI production utilities and to 60 for NVI

distribution utilities, the cost functions are estimated using a Within-SURE method detailed

above. Notice that since the �xed term vanishes after the within transformation, the problem

of correlation with regressors disappears. However, it is not possible to identify parameters of

time-invariant regressors25 and the Within-SUR estimator is not e�cient. In order to increase

e�ciency of the Within-SUR estimator, we use an iterative procedure à la Zellner.26 Results of

these estimations are presented in Table D.2 and Table D.3.27

Last, we have carried out some speci�cation tests for NVI production and distribution util-

ities. Only the homotheticity hypothesis (i.e. 4 restrictions) for the NVI distribution services

has not been rejected at the 5 percent level. The value of the statistic is equal to 3.367 and the

p-value of the test is 0.498. We have imposed this constraint on the cost function, which reduces

the number of parameters to be estimated. Finally, the properties of monotonicity and global

concavity are veri�ed ex-post.
24Only a very few estimated cost shares are negative due to the fact that some observed shares are very close

to 0.
25Only two regressors (i.e. the capital variables) in the NVI production cost model do not vary over time. The

impact on EVI results is very limited since these variables are not signi�cant in the VI cost function.
26The estimated variance covariance matrix obtained at the �rst GLS step is used to iteratively update the

estimated parameter vector. This iterative procedure ends once the log-likehood has converged so that maximum
likelihood estimates can be obtained.

27In order to check that �rm's technological characteristics are not the same whether they are integrated or not,
we have separately estimated the cost function for the production and the distribution stages using the VI utilities
(684 observations). Then we have compared the estimated cost parameters with those obtained using the NVI
production (68 observations) and distribution (60 observations) services. All these estimations are available from
the authors upon request. The estimated coe�cients appear to be signi�cantly di�erent both for the production
and the distribution stages. This result tends to con�rm that the technological characteristics of the water utilities
di�er according to the vertical structure (VI versus NVI). In such a case, estimating a single cost function on the
whole dataset would clearly result in a misspeci�cation of the econometric model.
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4.3 Analysis of cost estimate

From the cost function estimates, we have computed the average and marginal costs for the VI

utilities and for the NVI utilities. We report these estimates in Table 3 for the average utility

(at the sample mean of the variables).

Table 3: Estimates of marginal and average costs (in
US$ per Mgals) for the average utility

Estimate Std. Err.

NVI Production utility MVC 0.2275 0.0164
AVC 0.2247 0.0299

NVI Distribution utility MVC 1.2906 0.0778
AVC 1.1800 0.0221

VI utility MVC 0.7589 0.0594
AVC 1.2021 0.0448

Notes: MVC for marginal variable cost, AVC for average
variable cost.

The results for marginal costs give a good idea of the cost di�erential between the two

stages. In particular, for the average service the sum of marginal costs at each stage (in the NVI

structure) is signi�cantly greater than the overall marginal cost (in the VI structure).28 But

these two �gures are in fact not directly comparable since the NVI marginal cost include the

water purchase expenses of the NVI distribution utility.

When we compare the MVC and AVC, the greater value of the AVC for the average VI utility

seems to indicate the existence of economies of scale. The small di�erence between MVC and

AVC for the NVI Utilities prompts us to be reserved on the nature of returns to scale. One

possible explanation is that the size on the average VI utility (both measured in term of number

of customers, water sold to �nal users, length of the network) is signi�cantly smaller29 than the

size of the average NVI utility. The VI utilities may not have exhausted all economies of scale.

It is possible that imposing the average VI utility to produce higher level of water will not result

in the presence of scale economies.

Following Caves et al. (1984), we now more formally consider the way the number of cus-

tomers, the volume of production and the size of capital may a�ect the variable cost function.
28The null hypothesis of a sum of NVI marginal costs equal to the VI marginal cost is rejected at a 1% level of

signi�cance. The Student's t-statistic is equal to 4.43.
29A simple unilateral test on the means allows for checking this statement.
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Considering both the number of customers and capital allows us to distinguish between returns

to density (with respect to production) and returns to scale, see Garcia and Thomas (2001) for

more details.30 All scale measures are computed for the average utility and are presented in

Table 4.

Table 4: Estimates of network returns for the average utility

Estimate Std. Err.

NVI Production utility RTSSR 0.9875 0.0737
NVI Distribution utility RTDSR 0.9143 0.0584

RTSSR 1.1852 0.1404
RTSLR 1.1913 0.1014

VI utility RTDSR 1.5839 0.1155
RTSSR 1.4029 0.1224
RTSLR 1.1668 0.0879

Notes: RTD for returns to density, RTS for returns to scale.
SR and LR means respectively short run and long run.

First, we �nd signi�cant and important short run returns to density for the average VI

utilities. This means that an increase in the demand per user will result in a decrease in the

average cost. Second, there are signi�cant (at a 1% con�dence level) short run returns to scale

for the average VI water utility. Moreover, at the sample mean, RTSLR is signi�cantly di�erent

from 1 at a 10% level. The average VI utility is characterized by increasing short run and long

run returns to scale. An increase in the service size (i.e. production, customers and network)

will result in a decrease in average cost.

Concerning the average NVI production utility, we only report results for short run returns to

scale since the SURE method does not allow us to identify coe�cients related to capital variables.

They are not signi�cantly di�erent from 1 at 5%. The constant returns to scale for the average

NVI production utility indicate that the production/generation stage could be considered as
30The short run returns to density (RTDSR) measure the cost savings that result from an increase in production,

holding constant both the number of customers and the size of capital. RTDSR is equal to 1/εY where εY denotes
the cost elasticity with respect to output. The short run returns to scale (RTSSR) measure the cost savings that
result from an increase in production to satisfy the demand from new customers (here the demand per customer
is constant) for a given level of capital. RTSSR is computed as 1/(εY + εU ), where εC is the cost elasticity
with respect to the number of customers. The long run returns to scale (RTSLR) measure the proportional
increase of water volume and number of users made possible by a proportional increase of all inputs (including
capital). Denoting by εK the cost elasticity with respect to capital K, the long run returns to scale are de�ned
as (1− εK)/(εY + εU ). Returns are increasing, constant or decreasing if the associated index (RTDSR, RTSSR,
RTSLR) is greater than, equal to or less than 1, respectively. Notice that for NVI production utilities, returns to
density and to scale cannot be di�erentiated because there is no distribution network and the only customer is
the NVI distribution service.
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potentially competitive. However, the high standard error associated with RTS for the average

NVI production utility indicates that this result crucially depends on the size of the service.

Indeed, the parameter related to the square of volume (in logarithm) in the cost function is

signi�cantly positive, see Table D.2. This means that the returns to scale decrease with the

water production. The smallest NVI production utilities of our sample are in fact characterized

by economies of scale.

Last, considering the short run returns to scale, our estimates suggest that the average NVI

distribution utility is characterized by constant returns. In the other hand, the long run returns

to scale for the average NVI distribution utilities are signi�cantly greater than 1 (at a 10% level).

On average the water utility has not exploited the economies of scale, so that the size of the

network is not e�cient.

4.4 Results on vertical integration

4.4.1 Global economies of vertical integration

In order to estimate GV I, we simulate the cost for di�erent levels of �nal output and di�erent

prices for the intermediate good, both for a VI utility and for a NVI structure. More precisely,

we proceed in the following way.

(1) We compute the estimated total cost for a VI utility assigned to sell to �nal users di�erent

water quantities {Y21 , . . . , Y2K} uniformly distributed over a relevant range of values.

(2) We compute the estimated cost for a NVI distribution utility, assigned to sell to �nal users

the same quantities {Y21 , . . . , Y2K}. For each quantity of �nal output Y2k
, we consider L

possible prices of the intermediate good {wY11 , . . . , wY1L
}. This results in K×L estimates of

the cost of the NVI distribution utility and K×L derived demands in water, Y nvi
1 (Y2k, wY1l

).

(3) We then compute the estimated cost for a NVI production utility assigned to produce the

quantities Y nvi
1 (Y2k, wY1l

).

(4) We compute the total cost of production of the NVI structure, net of the water purchase

cost for the intermediate good, for each (Y2k
, wY1l

), . . . , k = 1, . . .K and l = 1, . . . L.

(5) We compute the global economies of vertical integration GV I, de�ned by equation (7), for

each (Y2k
, wY1l

), . . . , k = 1, . . .K and l = 1, . . . L.
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Figure 1: Global Economies of Vertical Integration

Notice that the capital variables are adjusted to each level of production. A statistical

relationship between the level of production and the capital infrastructure (pumping and power

equipment, storage capacity, network length) is �rst estimated for each class of utility. When

computing the cost associated each production level, the capital variable is adjusted according

to the estimated statistical relationship. We have considered input prices at the mean of our

sample. As the cost of a non-vertically integrated structure depends on the price for intermediate

water, GV I are given for di�erent levels of the �nal output but also for di�erent prices of the

intermediate good, see Figure 1.

First, in the (wY1 × Y2) space we both observe zones characterized by global economies of

vertical integration (GV I ≤ 1) and by diseconomies (GV I > 1). This means that there are

zones where a VI structure can produce water at a lower cost than a NVI structure, and other

where a NVI structure is more cost e�ective. We �nd that there are global economies of vertical

integration for small services (i.e. for utilities characterized by a small volume of water sold to

�nal users) and for a high intermediate water price (high intermediate prices create important

distortions in terms of input allocation). For small utilities, integration involves important tech-
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nological and transactional economies. This suggests that undue fragmentation can lead to a

misallocation of resources (fragmentation of responsibilities for planning, investment, operations

and maintenance may lead to a loss of e�ciency because decision-makers do not have an appro-

priate level of control over decisions and actions that a�ect their e�ciency). It is also possible

that the market power over the intermediate good does not favor small NVI distribution utilities.

Hence, small utilities may �nd pro�table to integrate vertically to reduce misallocations due to

the upstream mark-up.

Second, for a given price of the intermediate water, the lower is the �nal output, the higher

are global economies of vertical integration. One possible explanation is that, for small water

utilities, the specialization of inputs across stages is quite limited because the production process

is more simple. Hence, interdependences across stages are higher for small utilities than for large

ones, which means that a VI structure is more cost e�ective in that case. For a given level

of the �nal output, the higher is the intermediate water price, the higher are global economies

of vertical integration. A high price of the intermediate water good means a high mark-up on

the upstream market. This creates important distortions in terms of input allocation at the

downstream stage. In such a case being integrated would result in important cost savings.

Third, it is interesting to see where the average Wisconsin VI and NVI distribution utilities

are located in the (wY1 ×Y2) space. For the NVI distribution utilities, the average water price is

0.97 US$ per Mgals and the average �nal volume sold is 692,098 Mgals. For these values the GV I

index is equal to 1.45. There are global diseconomies of vertical integration and a NVI structure

is a cost e�ective solution. Next, we consider the average VI service. The water volume sold by

the average VI utility to �nal users is equal to 419,299 Mgals. For such a level of water, we �nd

global economies of vertical integration (GV I < 1) only for an intermediate water price greater

than 1.49 US$ per Mgals. It follows that for a lower water price, vertical separation would result,

in such a case, in a cost saving.

Last, our �ndings are signi�cantly di�erent from what has been previously found by Kaserman

and Mayo (1991), Kwoka (2002) and Nemoto and Goto (2004) working on the electric utility

industry. They both found that vertical integration results in cost saving for almost all production

levels, at the exception of the smallest ones. Kwoka (2002) reports for example that at the mean

level for distribution and generation outputs, the e�ciency gain from integration represents 42

percent of the cost. We also �nd global economies of vertical integration but only for small

levels of the �nal output (or for prohibitive intermediate water price). One possible explanation

is that the need for coordination between generation, transportation and distribution is much
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more important in the electric industry than in the water sector. It is for example well-known

that a real-time management of power �ows is required in order to guarantee energy balance in

the network and to prevent failure of the system. In the same vein, as electricity �ows across

the network in accordance with the laws of physics, it cannot be controlled through a command

and control system. This may impose high externality costs in case of non-vertically integrated

systems. The need for such a coordination between the di�erent stages is less stringent for a

water network than for an electric system.

Our results also di�er from those obtained for two other natural resource industries, namely

the gas and the oil sectors. Oil and gas companies are usually active in several sectors of activity

including exploration, production, transport, distribution. But, an important motivation for the

vertical integration of oil and gas companies is to mitigate the impact of intermediate good price

cycles and, hence to reduce pro�t volatility, Perruchet and Cueille (1991). Such an e�ect is not

present in the water network industry as the water price does not strongly �uctuate. Before

deriving the economic implications of these results, we still need to isolate the technological

economies of vertical integration from the global ones.

4.4.2 Technological economies of vertical integration

We now evaluate the level of TV I. We proceed in the following way.

(1) We compute the estimated marginal cost of production for a non-vertically integrated

producer utility for K levels of the �nal output Y1, {Y11 , . . . , Y1K}.

(2) Given that volumes {Y11 , . . . , Y1K} are sold by the non-vertically integrated producer to the

non-vertically integrated retailer utility at the marginal cost, we compute the associated

�nal output {Y21 , . . . , Y2K} and the associated costs.

(3) We compute the production cost of a vertically-integrated utility assigned to sell to �nal

users the di�erent quantities {Y21 , . . . , Y2K}.

(4) We compute TV I for {Y21 , . . . , Y2K} de�ned by equation (14).

In Figure 2, we have plotted TV I, de�ned by equation (14), as a function of the �nal output.

Remember that TV I ≤ 1 means that there are technological economies of vertical integration.

First, there are technological economies of vertical integration only for small levels of �nal output

(for a �nal output a little bit higher than 100,000 Mgals). This means that, if marginal cost

pricing is implemented on the upstream market, a vertically integrated structure is a cost e�ective
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Figure 2: Technological Economies of Vertical Integration

solution only if the utility is small enough. The technological economies of vertical integration

for small services can also be understood by considering the characteristics of their production

and distribution costs. In case of a small size, the distribution service can capture the economies

of scale at the production stage by integrating it. The aggregation of the average production

and distribution cost functions allows production at a level with an overall average cost closer to

its minimum.

From this Figure, the vertical organization of Wisconsin water utilities can be discussed.

First, for 43 VI water utilities (25% of the sample), the volume of water sold to �nal users is

smaller than 100,000 Mgals. As these services belong to a zone characterized by technological

economies of vertical integration, their vertical organization is cost e�cient. Notice however

that, for the average VI Wisconsin water utility, the TV I index is equal to 1.94: if the regulator

is able to enforce marginal cost pricing, vertical separation may result in important e�ciency

gains. Second, for all NVI distribution utilities, the volume of water sold to �nal user is greater

than 100,000 Mgals. For those services, the vertical separation is a cost e�ective solution even

if marginal cost pricing is enforced on the upstream market. To conclude, the technological

economies of vertical integration help understanding why the average VI utility in the Wisconsin

is smaller (both in terms of water delivery or customer number) than the NVI distribution utility.

These results are di�cult to compare with the economies of vertical integration reported

by Kwoka (2002) and by Kaserman and Mayo (1991) for the electric network industry because
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these papers do not distinguish the global economies of vertical integration from the technological

ones. However given the high level of global economies reported in these papers, it is likely that

applying our framework would result in �nding technological economies of vertical integration

for large electric utilities, an opposite conclusion to what we �nd for water utilities. We believe

that specialization of inputs by production stage (or asset specialization) is much more important

than coordination across stages for large water utilities than for large electric utilities.31 This

may explain why large water utilities are characterized by important technical diseconomies of

vertical integration whereas large electric utilities are more likely to present economies. The

higher network e�ciency of NVI distribution utilities (see Table 1) may be viewed as a result of

the stage specialization.

4.4.3 Discussion

These results have some important policy implications in terms of water industry organization.

But �rst, it is important to remember that a speci�c characteristic of the water sector is the

regulation of the �nal market by a public authority. In particular the price of water delivered

to �nal consumers is often, at least partially, under the control of the regulatory authority.

This is clearly the case in the Wisconsin where all water utilities are regulated by the Public

Service Commission. The general principle of regulation for Wisconsin water utilities is that

`All investors must receive a fair return on their investments [...] the PSC is required by law to

provide an opportunity for the utility to earn a reasonable return to ensure adequate service'.

By implementing this rate of return framework, the Public Service Commission of Wisconsin

monitors the price paid by �nal users.32 It follows that, in terms of social welfare, what really

matters is cost e�ciency.

Based on e�ciency considerations there is no clear answer to the debate about separation of

production & treatment and transportation & distribution stages in the water industry. If the

public authority cannot enforce marginal cost pricing on the upstream market, the cost e�cient

vertical structure is derived from the GV I index. Vertical integration should then be promoted

only for the smallest size services. For instance, with a water price on the intermediate market
31A good example of coordination requirement between production and distribution in the electric industry is

power pools. Power pools are agreements among independent utilities aiming at coordinating certain activities
(joint scheduling of shutdowns for instance). To our knowledge, there are no similar agreements in the water
sector. The main reason for connecting to water networks is to secure water sources. Technological economies of
vertical integration from a better coordination of stages are likely small in the water industry.

32The PSC usually monitors water utility prices through a procedure called the simpli�ed rate case which
combines some aspects of a rate-of-return regulation with an upper bound for the water price increase. Moreover,
a complete �nancial and a technical audit of the water utility can be implemented by the PSC sta�.
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around 1.3 US$ per Mgals, a vertical integration is a cost e�ective solution only for a �nal water

volume lower than 150,000 Mgals per year. If the public authority can enforce marginal cost

pricing on the upstream market then the optimal vertical structure is derived from the TV I

index. Here, again, the vertical integration is a cost e�ective solution only for the smallest size

services (for an annual volume of water sold to �nal users lower than 100,000 Mgals). It is clear

that an important task of the regulator in such a case will be to enforce marginal cost pricing.

It is likely that, given the limited number of production utilities, such a market will su�er from

a lack of competition. The additional regulation cost should of course be taken into account to

determine the optimal vertical structure of the water industry.

5 Conclusion

An important task of competition policy authorities is to isolate the natural monopoly activi-

ties of network industries from potentially competitive ones. The underlying objective is often

to prevent the �rms entrusted with such activities from extending their monopoly power on

competitive segments. In network industries characterized by multi-stage production processes,

achieving this objective requires analysis of the cost structure of vertically and non-vertically

integrated �rms. The question of vertical integration addressed in this paper is not a simple

issue, as many factors need to be carefully analyzed. These factors include the technical, tech-

nological and economic constraints to separation. The potential bene�ts of vertical separation

have to be carefully balanced against the loss of scope and scale economies, the costs of sector

restructuring, and the possible loss of externality internalization. If these costs (in particular,

economies of scope) are signi�cant, there may be a case for the continuation of a vertically-

integrated monopoly. If not, vertical separation could be desirable. If parts of an industry must

remain integrated, vertical conduct regulation or measures of partial vertical separation will be

needed to establish conditions for e�ective competition.

In this context, identifying sources of economies of vertical integration is crucial. By estimat-

ing separately the cost function of vertically integrated and non-vertically integrated structures,

we have proposed a framework that allows us to distinguish the technological economies of ver-

tical integration from those resulting from ine�cient input allocation due to upstream market

imperfections. These issues related to the vertical integration of water utilities have been inves-

tigated by estimating the production and distribution cost function for some North American

water utilities. By separately considering the production and the distribution stages, we have
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shown that disintegration of these two stages may lead to cost savings (with the exception of the

smallest services). In addition, as the returns to scale at the production stage are shown to be

constant, introducing competition could have some welfare improving e�ects.

Focusing only on global economies of vertical integration to assess the optimal structure of an

industry can be misleading if those economies mainly result from cost distortions due to market

imperfections. We have shown that there is no evidence of technological economies of vertical

integration (at least for large utilities) between the production and distribution stages. This

means that if marginal cost pricing can be enforced on the upstream market for the intermediate

good, vertically disintegrated utilities should be promoted. This result for the water network

industry appears to be di�erent from what has been previously found for the electric industry,

see Kaserman and Mayo (1991), Kwoka (2002) and Nemoto and Goto (2004) among others. We

believe that for the water network industry, the specialization of inputs by production stage, or

the asset specialization may generate more cost savings than the coordination across stages, a

situation that may not hold for electric utilities. This may explain why most of the water utilities

in our sample are characterized by important technological diseconomies of vertical integration.
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A Computation of input prices

Labor The technical and �nancial annual reports give labor expenses at 5 steps of the pro-

duction process: Source of supply (SS), Pumping (P), Treatment (T1), Transmission (T2), Cus-

tomers account (CA) from 1997 to 2000. In order to estimate the two-stage cost function, we

need to de�ne the unit cost of labor for each water utility and at the P&T and T&D stages.

The unit cost of labor is derived from the Occupational Employment Statistics (OES) Survey

published each year by the US Bureau of Labor Statistics, Department of Labor. This survey

gives the mean hourly wage for the 11 Metropolitan Areas (MA) of the Wisconsin and for

various occupations. We have matched each water utility with the corresponding Metropolitan

Area. Then, we have matched each step (SS, P,T1, T2 and CA) with the OES corresponding

occupation.

For each water utility, the P&T unit cost of labor is then the sum of the unit labor costs

for SS, P and T1 weighted by the expenses for these three categories. The T&D labor cost

corresponds to the sum of the unit labor costs for T2 and CA weighted by the expenses for these

two categories. Both labor prices wLs s = 1, 2 are in US$/hours.

Energy and Purchased water The price of energy wE is de�ned as the expenses for fuel

or power purchased divided by the quantity of energy used in thousands of kilowatts per hour

(MkWh). The unit price of energy is thus de�ned in US$ per MkWh. The price of purchased

water wY1 is de�ned as the ratio of purchased water expenses to the quantity of water purchased

in thousands of gallons (Mgals). The unit price for the water input is in US$ per Mgals.

Operation supplies and expenses, Maintenance and Chemical The main di�culty is

that expenses associated to these inputs are very heterogeneous. In order to construct a price

index associated to each input, wOESs and wMs for s = 1, 2, we have divided input expenses by

the output of the stage considered, Ys in millions of gallons (MMgals). Price indexes are de�ned

in US$ per unit of output. The implicit assumption is that the unobserved quantity of input

increases proportionally with the level of output. For the chemical input we do not observe any

physical measure of the quantity used by the water utility. A price index is construct by dividing

expenses for chemical by Y1 in MMgals. The price of chemical is de�ned in US$ per MMgals.
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B Input shares and cost descriptive statistics

Table B.1: Cost descriptive statistics for VI util-
ities, 684 observations

Variable Mean Min. Max. Std. Dev.

V C 444,373 31,191 3,740,468 512,805
SL1 0.1025 0.000 0.344 0.0758
SOSE1 0.0248 0.000 0.300 0.0327
SM1 0.0575 0.000 0.519 0.0587
SE1 0.1115 0.000 0.583 0.0575
SC1 0.0440 0.000 0.256 0.0409
SL2 0.3142 0.027 0.660 0.1123
SOSE2 0.1792 0.030 0.525 0.0746
SM2 0.1663 0.002 0.594 0.0863

Table B.2: Cost descriptive statistics for NVI
production utilities, 68 observations

Variable Mean Min. Max. Std. Dev.

V C 1,409,931 27,144 11,984,756 2,683,740
SL1 0.3203 0.110 0.578 0.1388
SOSE1 0.0538 0.001 0.206 0.0485
SM1 0.1710 0.003 0.468 0.0909
SE1 0.3090 0.072 0.629 0.1342
SC1 0.1459 0.000 0.395 0.1078
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Table B.3: Cost descriptive statistics for NVI
distribution utilities, 60 observations

Variable Mean Min. Max. Std. Dev.

V C 1,079,309 347,704 3,595,949 920,102
SY1 0.6194 0.397 0.798 0.0908
SL2 0.1435 0.060 0.348 0.0584
SOSE2 0.1024 0.032 0.280 0.0504
SM2 0.1347 0.008 0.301 0.0644
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C Probit selection equation

Table C.1: Descriptive statistics for the variables used in the Probit selection equation

VI structure NVI structure
Variable De�nition Mean Std. Dev. Mean Std. Dev.

Y2 Volume sold to �nal users (in Mgals) 419,299 632,330 692,098 639,186
wL2 Labor input price (in US$/Hour) 12.93 2.25 11.24 1.08
wOSE2 Input price for Operation Supplies 66.08 73.74 110.61 86.36

and Expenses (in US$/1,000Mgals)
wM2 Maintenance input price (in US$/1,000Mgals) 202.31 141.89 191.94 91.81
Length Total length of the water network (in feet) 252,186 275,575 361,906 287,858
User Number of users 3,137 3,775 5,188 5,083
Income Median household income (in US$) 34,144 6,059 35,635 1,879
Density Number of inhabitants per square miles 229 595 2,317 1,785
Housing Share of one-unit detached housings 0.71 0.08 0.55 0.12
Earning Share of the service sector into the GDP 0.17 0.05 0.23 0.05

Table C.2: Estimation results of the Probit selection equation

t=1 t=2 t=3 t=4
Variable Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.

Constant -5.9565 5.8394 -20.2503** 9.1727 -39.8032** 19.2414 -17.4738** 8.4291
Y2 -0.0002 0.0010 0.0001 0.0012 -0.0018 0.0021 -0.0006 0.0014
wL2 0.6606** 0.2908 1.0601*** 0.3698 1.8011** 0.7134 0.7944*** 0.2121
wOSE2 -0.0079*** 0.0029 -0.0091*** 0.0035 -0.0172** 0.0070 -0.0098** 0.0042
wM2 0.0017 0.0023 0.0042 0.0028 0.0035 0.0036 0.0013 0.0024
Length 0.0012 0.0026 0.0018 0.0036 0.0013 0.0053 -0.0025 0.0032
User -0.0472 0.1610 -0.1082 0.2618 0.0278 0.4523 0.2586 0.2787
Income -0.1872* 0.0985 -0.3073** 0.1244 -0.6558** 0.2743 -0.3249*** 0.1130
Density -0.0013*** 0.0005 -0.0008* 0.0004 -0.0015** 0.0007 -0.0013** 0.0005
Housing 5.8809 6.2029 21.5017** 20.0137 42.6840** 20.0137 19.5162** 8.9979
Earning 25.6467 17.7368 40.7946* 21.0076 103.2003** 50.1948 47.8018** 23.4963

Pseudo R2 0.58 0.64 0.77 0.71

Notes: Y = 0 corresponds to the NVI structure (N = 15), Y = 1 corresponds to VI structure (N = 171).
***: signi�cant at 1 percent, **: signi�cant at 5 percent, *: signi�cant at 10 percent.
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D Cost functions estimates
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Table D.1: Cost function for VI utilities

HECKIT GMM Iterated SURE
Variable (in log) Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.

Constant 9.7231*** 0.0372 9.7213*** 0.0373 � �
Y2 0.6296*** 0.0458 0.6313*** 0.0461 0.6840*** 0.0377
wOSE1 0.0248*** 0.0032 0.0248*** 0.0032 0.0305*** 0.0042
wM1 0.0603*** 0.0037 0.0603*** 0.0037 0.0681*** 0.0030
wE1 0.0627*** 0.0165 0.0632*** 0.0165 0.0671*** 0.0066
wC1 0.0694*** 0.0150 0.0707*** 0.0151 0.0565*** 0.0077
wL2 0.3117*** 0.0127 0.3118*** 0.0127 0.3540*** 0.0260
wOSE2 0.1793*** 0.0072 0.1794*** 0.0071 0.1681*** 0.0099
wM2 0.1684*** 0.0052 0.1684*** 0.0052 0.1818*** 0.0049
Y2 · Y2 0.0187 0.0480 0.0145 0.0484 0.0887*** 0.0342
wOSE1 · wOSE1 0.0144*** 0.0017 0.0145*** 0.0017 0.0138*** 0.0008
wM1 · wM1 0.0357*** 0.0025 0.0358*** 0.0025 0.0358*** 0.0011
wE1 · wE1 0.0262*** 0.0039 0.0263*** 0.0039 0.0296*** 0.0014
wC1 · wC1 0.0297*** 0.0033 0.0297*** 0.0033 0.0298*** 0.0012
wL2 · wL2 0.0656** 0.0333 0.0656** 0.0332 0.0804** 0.0122
wOSE2 · wOSE2 0.1012*** 0.0087 0.1013*** 0.0086 0.1023*** 0.0030
wM2 · wM2 0.0896*** 0.0053 0.0897*** 0.0053 0.1009*** 0.0020
wOSE1 · wM1 -0.0001 0.0012 0.0000 0.0012 0.0003 0.0006
wOSE1 · wE1 -0.0002 0.0018 -0.0002 0.0018 -0.0019 0.0008
wOSE1 · wC1 0.0000 0.0015 0.0000 0.0015 -0.0007 0.0006
wOSE1 · wL2 -0.0042 0.0044 -0.0042 0.0044 -0.0003 0.0020
wOSE1 · wOSE2 -0.0045* 0.0026 -0.0045* 0.0026 -0.0056*** 0.0011
wOSE1 · wM2 -0.0029 0.0024 -0.0029 0.0024 -0.0028*** 0.0009
wM1 · wE1 -0.0045*** 0.0016 -0.0045*** 0.0016 -0.0040*** 0.0006
wM1 · wC1 -0.0017 0.0012 -0.0017 0.0012 -0.0023*** 0.0004
wM1 · wL2 -0.0142*** 0.0037 -0.0142*** 0.0037 -0.0137*** 0.0015
wM1 · wOSE2 -0.0062** 0.0024 -0.0062*** 0.0024 -0.0063*** 0.0009
wM1 · wM2 -0.0043* 0.0024 -0.0044* 0.0024 -0.0044*** 0.0011
wE1 · wC1 -0.0018 0.0026 -0.0018 0.0026 0.0007 0.0008
wE1 · wL2 0.0041 0.0080 0.0040 0.0079 -0.0117*** 0.0015
wE1 · wOSE2 -0.0120*** 0.0041 -0.0119*** 0.0041 0.0004** 0.0019
wE1 · wM2 -0.0027 0.0059 -0.0026 0.0058 -0.0118*** 0.0010
wC1 · wL2 -0.0072 0.0071 -0.0074 0.0071 -0.0118*** 0.0028
wC1 · wOSE2 -0.0057 0.0035 -0.0058 0.0035 -0.0054*** 0.0012
wC1 · wM2 -0.0139*** 0.0038 -0.0139*** 0.0037 -0.0061*** 0.0007
wL2 · wOSE2 -0.0435*** 0.0111 -0.0434*** 0.0110 -0.0467*** 0.0045
wL2 · wM2 -0.0268** 0.0116 -0.0268** 0.0116 -0.0404*** 0.0025
wOSE2 · wM2 -0.0272*** 0.0059 -0.0273*** 0.0058 -0.0227*** 0.0014
Y2 · wOSE1 0.0018 0.0048 0.0018 0.0049 0.0012 0.0033
Y2 · wM1 0.0097* 0.0050 0.0092* 0.0050 0.0070*** 0.0025
Y2 · wE1 0.0199* 0.0113 0.0208* 0.0112 0.0209*** 0.0048
Y2 · wC1 -0.0011 0.0081 -0.0007 0.0081 0.0041 0.0041
Y2 · wL2 -0.0707*** 0.0201 -0.0706*** 0.0201 -0.0452*** 0.0142
Y2 · wOSE2 0.0313*** 0.0110 0.0308*** 0.0109 0.0236*** 0.0070
Y2 · wM2 0.0127* 0.0072 0.0134* 0.0072 0.0167*** 0.0038
Length 0.1729** 0.0870 0.1683* 0.0878 0.0332* 0.0512
CAP1P 0.0101 0.0285 0.0105 0.0287 � �
CAP1WT 0.1632 0.1072 0.1697 0.1081 � �
User 0.0816 0.0596 0.0815 0.0602 -0.0140 0.0262
Rt -0.4185*** 0.0967 -0.4105*** 0.0970 -0.5289*** 0.0365
Mills -0.0245 0.0197 � � � �

Adjusted R2 0.9637 0.9635 0.8124

Notes: N=171, T=4. The Heckit standard errors are unadjusted.
***: signi�cant at 1 percent, **: signi�cant at 5 percent, *: signi�cant at 10 percent.
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Table D.2: Cost function for NVI production utilities
(Within-SURE)

SURE Iterated SURE
Variable (in log) Coef. Std. Err. Coef. Std. Err.

Y1 0.9700*** 0.0895 1.0127*** 0.0756
wL1 -0.0375 0.0554 -0.0213 0.0527
wOSE1 0.0525*** 0.0117 0.0512*** 0.0127
wM1 0.2605*** 0.0139 0.2629*** 0.0150
wE1 0.3817*** 0.0471 0.3426*** 0.0456
wC1 0.3428*** 0.0377 0.3646*** 0.0375
Y1 · Y1 0.2661*** 0.0670 0.2573*** 0.0578
wL1 · wL1 0.0637*** 0.0206 0.0668*** 0.0205
wOSE1 · wOSE1 0.0211*** 0.0031 0.0193*** 0.0030
wM1 · wM1 0.1013*** 0.0060 0.1166*** 0.0051
wE1 · wE1 0.0520*** 0.0143 0.0518*** 0.0136
wC1 · wC1 0.0801*** 0.0133 0.0844*** 0.0121
Y1 · wL1 -0.1074*** 0.0254 -0.0776*** 0.0231
Y1 · wOSE1 0.0085 0.0091 0.0071 0.0081
Y1 · wM1 0.0141* 0.0075 0.0278*** 0.0066
Y1 · wE1 0.0697*** 0.0193 0.0576*** 0.0172
Y1 · wC1 0.0150 0.0197 -0.0146 0.0174
wL1 · wOSE1 0.0026 0.0048 0.0055 0.0047
wL1 · wM1 -0.0216*** 0.0056 -0.0306*** 0.0053
wL1 · wE1 0.0164 0.0143 0.0155 0.0141
wL1 · wC1 -0.0610*** 0.0132 -0.0571*** 0.0127
wOSE1 · wM1 -0.0006 0.0033 -0.0011 0.0031
wOSE1 · wE1 -0.0232*** 0.0043 -0.0204*** 0.0040
wOSE1 · wC1 -0.0011 0.0039 -0.0033 0.0035
wM1 · wE1 -0.0538*** 0.0050 -0.0539*** 0.0047
wM1 · wC1 -0.0265*** 0.0047 -0.0309*** 0.0041
wE1 · wC1 0.0086 0.0099 0.0070 0.0091
CAP1P � � � �
CAP1WT � � � �

Adjusted R2 0.6834 0.5773

Notes: N=17, T=4. ***: signi�cant at 1 percent,
**: signi�cant at 5 percent, *: signi�cant at 10 percent.
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Table D.3: Cost function for NVI distribution utilities
(Within-SURE)

SURE Iterated SURE
Variable (in log) Coef. Std. Err. Coef. Std. Err.

Y2 1.0066*** 0.0878 1.0841*** 0.0466
wL2 0.0246 0.0617 0.0629 0.0644
wY1 0.7056*** 0.0599 0.7326*** 0.0595
wOSE2 0.1351*** 0.0162 0.1549*** 0.0170
wM2 0.1489*** 0.0151 0.1844*** 0.0153
Y2 · Y2 0.0278 0.1021 0.1200** 0.0542
wL2 · wL2 -2.1222*** 0.5596 -3.0379*** 0.2969
wY1 · wY1 0.2857** 0.1170 0.1488** 0.1170
wOSE2 · wOSE2 0.0270 0.0185 0.0513*** 0.0621
wM2 · wM2 0.0659*** 0.0201 0.1081*** 0.0106
wL2 · wY1 0.2952*** 0.0994 0.5102*** 0.0527
wL2 · wOSE2 -0.0078 0.0743 -0.0894** 0.0394
wL2 · wM2 0.1018** 0.0482 0.0023 0.0256
wY1 · wOSE2 -0.1479*** 0.0314 -0.1000*** 0.0167
wY1 · wM2 -0.0403 0.0264 -0.0403*** 0.0140
wOSE2 · wM2 -0.0136 0.0125 -0.0897 0.0066
Length 0.1366 0.1780 -0.0058 0.0944
User -0.2152 0.1529 -0.2764*** 0.0811
Rt -0.7484*** 0.0709 -0.9141*** 0.0376

Adjusted R2 0.9196 0.8332

Notes: N=15, T=4. ***: signi�cant at 1 percent,
**: signi�cant at 5 percent, *: signi�cant at 10 percent.
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