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Abstract The impact of regulation of efforts to minimize costs has been widely discussed, but remains difﬁcult to measure. The sophisticated regulation of water utilities in Wisconsin allows us to attempt such an assessment since different ﬁrms can be under different regulatory regimes (price cap or rate-of-return) in the same geographical area at the same time. To measure the impact of regulation on efﬁciency, we use a stochastic cost frontier approach deﬁning the unobservable efﬁciency of a water utility as a function of exogeneous variables. Using a panel of 211 water utilities observed from 1998 to 2000, we show that their efﬁciency scores can be partly explained by the regulatory framework. JEL Classiﬁcation: D2, L9, C23 Keywords: public utility regulation, stochastic cost frontier, efﬁciency



1.



Introduction



The theory of incentives emphasizes the importance of regulatory rules on the level of effort that ﬁrms undertake in order to lower their costs. The lack of incentives resulting from standard rate-of-return regulation, compared to price-cap regulation, is mentioned in manly reference books on regulation (see e.g., Laffont and Tirole, 1993; Newbery, 1999). Yet the size of this effect is difﬁcult to measure in practice. First, cost efﬁciency is not directly observable and must be inferred from the data by econometric methods. Second, all the utilities under the jurisdiction of a given regulatory agency are usually regulated according to the same scheme. One can therefore not compare the impact of different regulation schemes on ﬁrm behavior1 . Comparing utilities regulated in different States, or by different regulators, increases the risk that unobservable characteristics blur the results.
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An interesting characteristic of Wisconsin water utility regulation—described in Section 2—is that all ﬁrms are not regulated in the same way: During the same year, some can be under a regime close to price cap, whereas others can be under another, closer to rate-of-return regulation. This paper make use of this speciﬁcity to investigate to what extent the predictions from incentive theory help explain differences in efﬁciency among utilities. We use a stochastic cost frontier approach that allows one to deﬁne the unobservable efﬁciency of a water utility as a function of exogenous variables. We are then able to check whether, and to what extent, this efﬁciency depends on the particular regime (price cap or rate of return) that the utility faces. A recent but important empirical literature has investigated the relationship between efﬁciency and incentive mechanisms. Wolak (1994), in a pioneer paper, shows that the regulation of some water utilities in California is more likely to correspond to a context of asymmetric information than of perfect information. Dalen and Gomez-Lobo (1996) develop a model including both an efﬁciency parameter and a cost reduction effort variable, that enter the cost function but are not directly observable by the regulator. Using this model, they recover the distribution of efﬁciency measures for transit operators in Norway. Gagnepain and Ivaldi (2002) use a similar framework for the French urban transport industry. They show the existence of asymmetric information between the regulator and French urban transit ﬁrms and characterize the optimal second-best incentive schemes. Moving from the current system towards the optimal second-best regulation does not result in important changes according to their estimations. We depart from this literature in three ways. First, we do not specify nor estimate a structural model of the relationship between the regulator and water utilities. Such an approach requires more data than we have. Second, we assume that the efﬁciency of utilities is directly related to the incentive power of the contract, and check whether this is indeed the case. Third, unlike some previous studies, we do not assume that the production technology of ﬁrms corresponds to a Cobb–Douglas speciﬁcation. The restrictions resulting from the use of a Cobb–Douglas function are well known; We consider, here, a ﬂexible form to represent the cost of water utilities. To the best of our knowledge, no paper directly examines the link between regulation and efﬁciency for water utilities. Yet a number of empirical studies have focused on estimating the cost efﬁciency of water utilities in the last decades. In particular, the relative efﬁciency of private versus public water utilities has been the subject of considerable theoretical debates and empirical investigations. But most studies do not provide any conclusive evidence on which mode of ownership is the most efﬁcient.2 The introduction of yardstick competition by the U.K. Ofﬁce of Water Regulation (OFWAT)—after the privatization of the water and sewage services in 1989—has also fostered a series of empirical estimates of efﬁciency. Lynk (1993) uses a stochastic frontier approach to compare the cost efﬁciency of wateronly utilities and water-and-sewage utilities. Water-and-sewage utilities are found to be more efﬁcient than water-only companies. This would indicate the presence of scope economies between water and sewage services. Ashton (2000) estimates a
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translog operating cost function on a sample of U.K. water utilities observed from 1987 to 1997. The author ﬁnds a moderate level of inefﬁciency together with a low dispersion within this industry. More recently, OFWAT (2002) reports that the water industry has experienced a reduction of unit operating costs together with a decline of ﬁrms’ inefﬁciency during the last years. These cost efﬁciency gains may have resulted from the introduction of yardstick competition and from the tightening of the price cap. The paper is organized as follows. In Section 2, we describe the regulatory framework for water utilities in Wisconsin, relating it to the theoretical classiﬁcation of regulation schemes. We then present the main theoretical predictions on the effects of regulation on incentives to minimize costs, within a simple model designed to correspond to Wisconsin regulation. Section 3 introduces the econometric model, the database and the main results. We conclude with a brief summary of our ﬁndings and a possible agenda for future research.



2. 2.1.



Regulation of Public Utilities and Efﬁciency The Usual Classiﬁcation of Regulatory Regimes



A broad spectrum of regimes is possible, from rate of return (or cost plus) to price cap. These regimes trade off insurance against shocks, and efﬁciency (understood as effort to minimize costs). Rate of Return (or Cost plus). Rate of return regulation has emerged in the U.S.A in the 19th century to limit the proﬁts of franchise monopolies (Newbery, 1999, p. 38). It consists in letting the ﬁrm freely choose its inputs, outputs, and even prices, provided that its return on capital be fair, but below some speciﬁed level. Prices can thus increase to ensure that costs are covered. This direct link between changes in costs and changes in prices fully insures the ﬁrm against adverse shocks, and strongly weakens the ﬁrm’s incentives to pursue cost efﬁciency. In practice, regulators tend to set prices at average historical costs, so as to ensure the adequate rate of return. These prices are revised upward when costs increase, or when demand conditions worsen. Price cap. At the other extreme, one can use a ‘high-powered’ incentive scheme to induce ﬁrms to produce efﬁciently: It sufﬁces to make them residual claimants on their proﬁts. The regulator sets a maximum price—or maximum price increase3 — but the utility retains the freedom to decrease prices—or to increase them by less than the allowed amount. Any cost savings obtained due to higher effort accrue to the ﬁrm. Utilities therefore have strong incentives to exert cost-minimization effort. However, such high-powered incentive contracts may result in excessive rents. In practice, the price cap must be periodically renewed, and regulators often use historical costs (as under a rate of return regulation) together with prospective data on cost and demand, to compute the new cap, instead of using as a basis the cost of a hypothetical, perfectly managed, utility (‘top down’ versus ‘bottom up’ approaches to costs). This makes price cap closer to rate of return than what the
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theory would suggest, especially when the length of the cap is short (see Laffont and Tirole, 1993, pp. 15–19). Incentive regulation. In the second best world of asymmetric information, the optimal contract trades off the efﬁciency properties of high-powered (price cap) regulation, with the rent-extracting properties of a cost-plus regulation. Actual regulatory regimes do not correspond either to a pure price cap regulation nor to a pure rate of return, and hybrid schemes are frequent. Such schemes may arise from practical considerations. Using a rate of return regulation without leaving large rents to the ﬁrm requires a close audit of its accounts, so as to limit cost padding and arbitrary cost allocations. The same holds for price cap regulation, at the time at which caps are re-computed. But regulatory agencies have limited ﬁnancial resources, limited staff, and limited time available.4 A simpler, hybrid, regulatory framework can be the best available option given the information requirements of more complex schemes. Similarly, the frequency of price cap, renewals, and the duration of rate-of-return periods, can be affected by credit and time constraints. The regulatory framework for Wisconsin water utilities can be described as a particular hybrid system in which some ﬁrms are closer to a price cap, others closer to a rate of return regulation.



2.2.



The Regulation of Water Utilities in Wisconsin



Wisconsin water utilities, including those that are municipality-owned, are regulated by the Public Service Commission of Wisconsin (PSC). The PSC is an independent regulatory agency that receives its authority and responsibilities from the State Legislature. The general principle of regulation for Wisconsin water utilities is as follows: ‘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’. It follows that Wisconsin water utilities are regulated under a rate of return framework. However, the exact nature of the regulation being implemented differs according to whether the utility asks for a price change or not. 2.2.1. Regulation with a price change If the water utility asks for a price change, the type of regulation being implemented by the PSC is a rate of return framework (RoR). Two possible procedures are then possible: the conventional rate case (CRC) and the simpliﬁed rate case (SRC). These two procedures mainly differ according to the amount of information required by the regulator. The Conventional Rate Case. The CRC procedure is a complex process that combines a ﬁnancial and technical audit of the water utility by the PSC staff with public hearings. Under a CRC process, the PSC realizes a full audit of the utility, examining its books and ﬁgures, investigating its rate designs and the effects of their proposals on customers. Next, the PSC gathers facts from interested parties
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in a public hearing process (utility representatives present testimony, members of the public give their views, PSC staff and intervenors present testimony). Last, the ﬁnal decision is made by PSC commissioners but it may be challenged in court. In what follows, this regulation regime is called rate of return (RoR).5 The Simpliﬁed Rate Case. The SRC procedure is a simple process for water utilities wishing to increase water and/or sewer rates. The SRC procedure combines some aspects of a rate-of-return regulation with an upper bound on water price increases. This regulatory regime roughly corresponds to a hybrid regime in which some cost changes are automatically passed through tariffs without close examination (see Estache and Rossi, 2004). Each year, the PSC sets (i) a maximum authorized rate of increase for water prices, and (ii) a maximum authorized global rate of return on the capital owned by the water utility. If the expected return of capital (net proﬁt of the current period and increase in water revenue due to the authorized price increase, divided by the capital owned) is lower than the authorized rate of return, then the price increase is authorized without deep ﬁnancial and technical analysis. For the period we consider, from 1998 to 2000, the maximum authorized price increase and the maximum authorized rate-of-return used in the SRC process remained constant at, respectively, 3 and 7%. In what follows, this regulation regime is called hybrid rate of return (H-RoR). 2.2.2. Regulation without a price change If the water utility doesn’t ask for any price change for the current period, the maximum allowable prices are those set by the regulator at the last price increase. Utilities retain the ﬂexibility to decrease prices. Current net proﬁts are not regulated. The water utility is residual claimant for all efﬁciency gains it can realize during that period—as in standard price-cap regulation. But the utility knows that it will go through a period of RoR in the near future (a CRC is imposed every ﬁve years at least), so that the regime is not a perfect price cap. In what follows, this regulation regime is called interim price cap (I-PC). 2.2.3. The choice of the regulation regime The choice of the price regulation procedure is up to the water utility, in the sense that it can decide whether to request a price increase. However, some eligibility conditions signiﬁcantly restrict this choice. There must be at least two years between a CRC price increase and a SCR increase, and at least one year between two consecutive SCR price increases. For a utility with more than 4000 customers, the requested SRC effective date must be less than ﬁve years away from the effective date of the last rate increase authorized under the CRC process. For a utility with less than 4000 customers, the cumulative rate increase authorized under the SRC process must be less than 40% higher than the level established in the last CRC. 2.3.



A Simple Model



The objective of this section is to build a simple stylized model to assess the impact of Wisconsin regulation on the cost efﬁciency of water utilities. Here cost



388



AUBERT AND REYNAUD



efﬁciency must be understood as the level of unobservable effort undertaken to minimize variable costs.6 The utility. Let us assume, to simplify the exposition, that the demand facing each utility is some given, inelastic, quantity of water7 , and let us normalize sales revenues to 1. ¯ the ‘intrinsic’ cost parameter of the ﬁrm, A non-observable parameter, θ ∈ [θ− , θ] summarizes the variables affecting costs that are ﬁxed in the short term (such as staff qualiﬁcations, geographical and geological characteristics of the area, and past choices made by the utility). A high θ characterizes a utility having a high intrinsic cost. This parameter θ can only be observed (more or less perfectly) by the regulator at the cost of a close examination of accounts. In the short term, the only8 decision variable of a utility is its cost-minimizing effort, e ≥ 0, which is not observable. The (non-observable) cost of this effort is given by the strictly convex function ψ(.). An increase in effort leads to a better management of the utility (fewer unnecessary expenses and perks, more intensive search for better terms with suppliers, etc.), and therefore to a decrease in variable costs. The cost function per unit delivered is denoted by C(e|θ), with Cθ (e|θ) > 0 and Ce (e|θ ) < 0. The proﬁts of a given utility per unit of water delivered can thus be written as follows: π(e|θ ) = 1 − C(e|θ ) − ψ(e). Let us deﬁne by e∗ (θ ) the efﬁcient level of effort9 (that maximizes π(e|θ)). It is characterized by −Ce (e∗ |θ ) = ψ  (e∗ ). We assume moreover that the cost C(e|θ) and the rate of return of the utility, r(e, θ ) = 1 − C(e|θ ), are observable, and are contractible variables for the regulatory authority. But since θ is not observable, observing them is not enough to recover the level of effort that has been undertaken. The regulatory framework. The Public Service Commission is in charge of maximizing social welfare, that is, the weighted sum of consumer welfare and of ﬁrms’ proﬁts (with a higher weight on consumer welfare), minus its own operating costs. Since the quantity consumed is given, the problem reduces to one of cost minimization, and of price minimization.10 The PSC faces two major constraints. First, the regulatory authority has to guarantee a minimum rate of return on investment, r, under efﬁcient management of the assets. Second, we assume that the PSC is restricted in the instruments it can use. It can undergo a close examination of accounts of some selected utilities, in which case it learns their intrinsic cost parameter θ , and can then recover the effort level from the observation of costs. Obviously, it would be optimal to audit all utilities in such a way, if it was not too costly. But due to limited budgets and staff, the PSC can only audit a fraction of all utilities. For these utilities, it can set a price guaranteeing a return r− on capital for the efﬁcient effort level, and can impose the
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realization of this level, e∗ (θ ). We assimilate this situation to a RoR (with nearly complete information). For the fraction of utilities that are not closely audited, the PSC can only use a very simple mechanism, according to which • if a ﬁrm announces that its cost is ‘high’ (above some given threshold), it obtains a pre-speciﬁed price increase, p, provided that its rate of return is below some speciﬁed level r¯ ; (H-RoR); • if it reports that its cost is ‘low’, it does not obtain a price increase, but keeps its proﬁts whatever its rate of return (I-PC). Both the price increase, p, and the threshold above which a cost is considered high, are chosen by the PSC. If a ﬁrm asks for a price increase (H-RoR), the PSC audits its accounts so as to check that its rate of return is not too high, but this examination is not as thorough as under a RoR, so that the PSC does not learn the value of θ . Since we have seen that the PSC can impose the realization of the efﬁcient effort level for ﬁrms under a RoR, we focus in the following on the other two possibilities, I-PC and H-RoR. Effort choice under I-PC and H-RoR regulation. If the ﬁrm is operating under the I-PC system, it maximizes 1 − C(e|θ) − ψ(e). Its effort choice is therefore e = e∗ (θ ). Faced with a constant price, the utility is residual claimant for its proﬁts and therefore maximizes them, by choosing the efﬁcient effort level. If the ﬁrm is operating under H-RoR on the other hand, it maximizes 1 + p − C(e|θ ) − ψ(e)



subject to



1 + p − C(e|θ) ≤ r¯ .



Two cases are then possible: (a) the constraint is not binding, in which case effort is efﬁcient, as under a price cap, or (b) the constraint is binding, in which case effort is given by some function e(θ ˜ ), deﬁned by: 1 + p − C(e(θ)|θ) ˜ = r¯ , for all θ. The ﬁrm will be in case (a) if its cost is relatively high (above some value θH ), and ˜ H ) = e∗ (θH ). It follows that in case (b) otherwise. Threshold θH is deﬁned by e(θ the average level of effort of utilities under H-RoR is lower than the one observed for ﬁrms under I-PC or RoR, and that a H-RoR can induce two different reaction functions e(θ ). Firms’ reports on their intrinsic costs. We can now compute whether a θ -ﬁrm prefers to report a ‘high’ cost or a ‘low’ cost (or equivalently, to ask for a price increase, or not). Let us denote by θL the intrinsic efﬁciency parameter such that proﬁts under price cap and under rate of return are equal: 1 − r¯ = C(e∗ (θL )|θL ) + [ψ(e∗ (θL )) − ψ(e(θ ˜ L ))]. A ﬁrm prefers to announce that it has a low cost (and therefore be subject to a price cap regulation) if its intrinsic cost parameter is lower than θL ; it prefers to announce a high cost otherwise. In Figure 1, ∗ (p) is the unit proﬁt of a utility making the optimal level of effort.11 For θ > θH , utilities are regulated under
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Figure 1. Reports of efﬁciency by utilities and cost-minimizing effort.



a H-RoR and exert the optimal effort level (the constraint on the rate of return is not binding). Utilities for which θL < θ ≤ θH are also regulated under a H-RoR but with a suboptimal cost-minimizing effort (since the constraint is now binding). Their unit proﬁt is equal to r¯ . Finally, the most efﬁcient utilities (θ < θL ) prefer to remain residual claimant of their efﬁciency gains. They are regulated under I-PC and their cost-minimizing effort is optimal. A truthful mechanism consists therefore in asking the ﬁrms to report whether their cost is below or above θL . The most efﬁcient ﬁrms prefer to forego a price increase in order to avoid the constraint on returns. Less efﬁcient ﬁrms, on the other hand, are better off obtaining a price increase, even if their rate of return is then monitored. Conjectures to be tested. A high level of cost minimizing effort will be measured in the empirical part by a high efﬁciency. From the above results, we can postulate the three following conjectures on the link between the regulatory regime and the effort behavior of utilities: Conjecture 1. The cost minimizing effort of water utilities depends on the type of regulation under which they operate. Conjecture 2. Water utilities under an interim price-cap or a rate of return procedure are more cost efﬁcient than utilities under a hybrid regime. Conjecture 3. Utilities under a rate of return and an interim price-cap have the same efﬁciency. 3. 3.1.



Empirical Analysis Econometric Framework: A Stochastic Cost Frontier Approach



Since the efﬁciency (deﬁned as cost minimizing effort) of a water utility is not observable, we use a stochastic cost frontier approach, to deﬁne it as a function
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of exogenous variables. Kumbhakar et al. (1991) propose, for a production function, stochastic frontier models in which the inefﬁciency effects are expressed as an explicit function of a vector of ﬁrm-speciﬁc variables and a random error. Battese and Coelli (1995) suggest a similar model, except that allocative efﬁciency is imposed, the ﬁrst-order proﬁt maximizing conditions are removed, and panel data is permitted. The Battese and Coelli (1995) model speciﬁcation for a stochastic cost frontier can be expressed as: V Cit = V C(Qit , Xit ; β) + vit + uit ,



i = 1, . . . , N,



t = 1, . . . , T ,



(1)



where V Cit represents the variable cost of the ith water utility at date t, Qit is a measure of the outputs produced, X is the vector p × 1 of variable input prices. The vit and uit are random variables. The economic interpretation of this speciﬁcation is that the production process is subject to two distinguishable disturbances: vit is a usual error term which captures measurement errors and the effect of all events that are not controlled by the water utility (unpredictable effects of weather, exogenous change in demand, . . . ) and uit is an unobservable measure of technical and economic inefﬁciency under control of the utility (e.g., effort level). The vit are assumed to be i.i.d. following N (0, σv2 ) and to be independent of the uit . The uit are non-negative random variables representing the cost inefﬁciency in production: Their value shows how far above the cost frontier the ﬁrm operates. The error term must thus be non negative since the variable cost of each water utility must lie either on or above its frontier V C(Qit , Xit ; β) + vit . Various distributions have been suggested in the literature for this term: half normal, truncated-normal or gamma. Here we assume that the uit are i.i.d. as truncations at zero of the N(mit , σu2 ) distribution with: mit = zit · δ,



(2)



where zit is a q × 1 vector of variables possibly inﬂuencing efﬁciency and δ is a q × 1 vector of parameters to be estimated. Denoting σ 2 = σv2 + σu2 and γ = σu2 /(σ2v + σu2 ), a test can be constructed to determine whether the estimated cost frontier is stochastic. If we do not reject the null hypothesis γ = 0 against the alternative that it is positive, then the deviations from the frontier are better represented as ﬁxed effects in the cost function. One can derive predictions on individual ﬁrm cost inefﬁciency from an estimate of the stochastic cost frontier deﬁned by (l) and (2). The measure of cost inefﬁciency, relative to the cost frontier, is deﬁned as: INEFFit =



E(V Cit∗ |uit , Yit , Xit ) , E(V Cit∗ |uit = 0, Yit , Xit )



(3)



where V Cit∗ is the cost of the ith water utility. INEFFit takes a value between one and inﬁnity, one corresponding to a totally efﬁcient water utility. The inefﬁciency measures can be shown to be deﬁned as INEFFit = exp(uit ) when the cost
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is expressed in logarithms. We need, to compute this expression, to be able to predict the value of the unobservable variable uit . This is achieved by deriving expressions for the expectation of this function conditional upon the observed value of uit + vit . The resulting expressions are generalizations of the results in Jondrow et al. (1982) and Battese and Coelli (1992, 1995). Last, the parameters of the model, (β, δ, σ, γ ), are estimated using a one-stage maximum likelihood approach. The computation of this likelihood is performed using the algorithm described in Coelli (1996) (see Appendix A).



3.2.



Specifying a Cost Function for Water Utilities



The water industry has the usual characteristics of a network industry where ﬁxed and sunk costs constitute an important proportion of total expenses. Modeling the water production process requires an adequate representation of installed capital and must take into account the various environments in which water utilities can be operating. 3.2.1. Cost function We concentrate on the variable cost function conditional on capital, V C(Y, C, X; β, K, Z), where Y and C are the two outputs produced by the service (volume of water sold and number of customers), X represents the prices of the various inputs used in the production process, K is a measure of the level of capital and Z is a vector of technical characteristics that may inﬂuence production expenses. We assume here that the capital stock is a quasi-ﬁxed input in the sense that its modiﬁcation in the short-term is either not feasible or prohibitively costly.12 Deﬁning outputs produced by a water utility is not a simple task. Some previous works have measured production by the amount of water supplied to customers, (see Ashton, 1999; Garcia and Reynaud, 2004) among others. In some other studies, a water utility is viewed as producing different water goods. For instance,



Table 1. Sample descriptive statistics, 211 utilities and 3 years. Variable



Deﬁnition



Unit



Mean



Min



Max



Standard deviation



VC Y C wL wE K DUMW DUMS DEPTH



Variable cost Volume sold Number of customers Price of labor Price of electricity Capital Dummy — water purchased Dummy — surface water Average pumping depth



$ Mgal # $/hour $/Mkwh – – – Feet



804097 824829 4911.66 11.88 63.57 955445 0.10 0.09 469.25



31185 16486 1120 8.68 1.07 6375 0 0 1



33966745 41900858 158353 15.78 187.74 47775074 1 1 2057.58



2449705 3081875 12377.87 1.26 18.84 3049447 0.30 0.29 444.82
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Renzetti (1999) separates two outputs, the amount of water sold to residential customers, and the amount sold to non-residential customers. More recently, Garcia and Thomas (2001) incorporate the output sold to ﬁnal customers and the volume lost through leaks into a multi-product cost function. Here, we consider two outputs, Y , deﬁned as the volume in thousands of gallons (Mgal) sold by the water utility to ﬁnal customers and C representing the number of customers served by the service. This multi-output speciﬁcation allows to take into account two important characteristics of this network industry, the size of the service and the customer density. The variable cost of the utility is the sum of expenses for labor, energy, chemicals, operation supplies and expenses and maintenance. These ﬁve inputs aim at capturing the production stages involved in the water supply process: production and treatment of raw water, transfer, stocking, pressurization and distribution (as described in Garcia and Thomas, 2001). The unit energy price wE is obtained by dividing energy expenses by the total quantity of energy used measured in thousands of kilowatts per hour (Mkwh). The unit labor price wL is obtained by dividing labor expenses by the number of hours worked during the year. For chemicals, operation supplies and maintenance expenses, the quantities of inputs are not available and, hence, unit prices cannot be derived. We assume that all utilities in our sample face the same price for each of these three inputs. It follows that only the price of energy and the price of labor will be introduced in the cost function. As discussed previously, water supply is highly constrained by the production capacity of the utility. Hence, having an adequate measure of the level of capital is necessary to any water cost function estimation. Very often, capital is proxied by physical characteristics of the water utility such as network length, stocking capacity or pumping capacity.13 Such a measure is imperfect, since, ﬁrst, it does not take into account the totality of the installed capital, and second, it does not reﬂect any depreciation of capital. An alternative consists in directly using operational assets as a measure of capital, as in Ashton (1999). Here, we deﬁne the capital variable K as the average net base rate of a water utility (corresponding to the value of all its assets) divided by the price of capital.14 We have also estimated the cost function with alternative capital speciﬁcations.15 The qualitative results we have obtained are similar to those using the average net base rate, in terms both of cost elasticities, and of the impact of regulation on efﬁciency. A vector of technical characteristics has also been incorporated in the cost function. These characteristics are supposed to inﬂuence the production process of the utilities. They may also account for exogenous differences in the operating environment (see Ashton, 1999; Garcia and Thomas, 2001). We have considered three technical variables: DUMW , DUMS and DEPTH. DUMW and DUMS are dummies for water utilities that, respectively, purchase water from another utility, and use surface water. A water utility purchasing water from another utility may have a speciﬁc production technology (for instance, raw water treatment facilities may not be required in such a case). Using a high proportion of surface water may imply more advanced chemical treatments in order to purify water. The DEPTH variable measures (in feet) the average depth of pumping wells. This variable is equal to the
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sum of the depth of each well weighted by the discharge rate. As pumping and drilling costs represent a signiﬁcant proportion of total expenses, it is important to incorporate this DEPTH variable into the cost function. The main source of raw water in Wisconsin is groundwater: 187 utilities are supplied exclusively from groundwater, 19 utilities use only surface water and ﬁve utilities are supplied both from surface and ground water resources. Most of the data used have been provided by the Wisconsin PSC and come from the annual report ﬁled each year by each water utility. We have not considered the smallest utilities, i.e., the ones serving less than 1000 customers, since we did not have sufﬁcient data on them. The ﬁnal sample consists of 211 services observed from 1998 to 2000. See Table 1 for descriptive statistics. The conditional variable cost function V C(Y, C, X; β, K, Z) is speciﬁed using a Translog form. The Translog approximation for the stochastic cost frontier reads: ln(V Cit ) = β0 + βY · ln(Yit ) + βC · ln(Cit ) +







βk · ln(witk ) + βK · ln(Kit ) +







k



βl · Zitl



l



 1 βY k · ln(Yit ) ln(witk ) + βY K · ln(Yit ) ln(Kit ) + βY Y · ln(Yit ) ln(Yit ) + 2 k  1 + βCC · ln(Cit ) ln(Cit ) + βCk · ln(Cit ) ln(witk ) + βCK · ln(Yit ) ln(Kit ) 2 k   1 + βY C · ln(Yit ) ln(Cit ) + βY l · Zitl ln(Yit ) + βCl · Zitl ln(Cit ) 2 l l   1 βkK · ln(witk ) ln(Kit ) + βKl · Zitl ln(Kit ) + βKK · ln(Kit ) ln(Kit ) + 2 k l  1 βkk  · ln(witk ) ln(witk  ) + Zlk · Zitl ln(witk ) + 2  l,k



k,k



+ DUMt + vit + uit ,



i = 1, . . . , N, t = 1, . . . , T ,



(4)



where k, k  ∈ {L, E} index the different inputs used in the production process, and where l ∈ {DUMW , DUMS , ln(DEPTH)} indexes the technical variables that may have an effect on production.16 In the previous equation the vector DUMt repre-



Table 2. Descriptive statistics for the regulatory regimes. Regime RoR H-RoR I-PC Total



1998 22 19 170 211



1999 10.4% 9.0% 80.6% 100.0%



37 15 159 211



2000 17.5% 7.1% 75.4% 100.0%



34 16 161 211



Total 16.1% 7.6% 76.3% 100.0%



93 50 490 633
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sents a set of time dummy variables aiming at capturing the impact of temporal effects on cost (e.g., climatic conditions and technical progress). 3.2.2. Regulatory regimes The following table gives a brief summary of the observed regulatory regimes. The proportion of ﬁrms under RoR, H-RoR or I-PC remains relatively constant during the three years. Most of the utilities do not experience a regulatory regime change during the three years. There are for instance 109 utilities facing a price-cap regime on the whole 1998–2000 period. Moreover, 12 and 11 utilities are respectively under a RoR or under a H-RoR regulation at least twice during the three years of our panel.17 This stability in regime choices should allow us to really capture the impact of the type of regulation on efﬁciency (see Table 2). 3.2.3. Modeling inefﬁciency In equation (2), cost inefﬁciencies are modeled as a function of several variables that are thought to explain differences in efﬁciency across utilities. We conjecture that the level of inefﬁciency can be related to the type of regulation under which the water utility is operating.18 We ﬁrst introduce in (2) a dummy, DUMRRoR , for water utilities under a RoR procedure. Another dummy variable DUMH−RoR is included for water utilities under a hybrid regime. The constant term will capture the inefﬁciency of water utilities that do not ask for a price increase (Price cap regime). Last, we include two dummy variables for years 1999 and 2000 that aim at controlling for the presence of an unobserved temporal effect modifying the efﬁciency of water utilities (e.g., climatic conditions). The inefﬁciency equation (2) reads ﬁnally19 : mit = δ0 + δRoR · DUMRoR + δH−RoR · DUMH−RoR + δDUM99 · DUM99 + δDUM00 · DUM00 .



(5)



In the empirical application, we focus on several questions related to the inefﬁciency of water utilities. First, on the basis of cost frontier estimates, are there signiﬁcant inefﬁciency differences between ﬁrms? This question can be answered using a likelihood ratio test of the null hypothesis γ = δ0 = δRoR = δH−RoR = 0. Second, given the existence of inefﬁciencies, are these inefﬁciencies stochastically determined or are they better represented by ﬁxed effects? This question may be answered by testing the null hypothesis γ = 0. Third, can inefﬁciencies be related to the regulatory framework? The signiﬁcance Of δ0 , δRoR and δH−RoR will give us some insights.



3.3.



Estimation Results



Table 3 gives an estimate of the cost frontier parameters using a Translog form. Parameter γ is statistically different from zero. This indicates that the stochastic
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Table 3. Translog parameter estimates. Parameter



Estimate



β0 βY βC βL βE βK βDUMW βDUMS βDEPTH βY,Y βC,C βC,Y βY,L βY,E βY,K βC,L βC,E βC,K βK,K βDUM99 βDUM00 βDUMW ,Y βDUMW ,C βDUMW ,L βDUMW ,E βDUMW ,K βDUMS ,Y βDUMS ,C βDUMS ,L βDUMS , E βDUMS , K βDEPTH,Y βDEPTH,C βDEPTH,L βDEPTH,E βDEPTH,K βL,L βL,E βL,K βE,E βE,K δ0 δA δS βDUM99 δDUM00 σ2 γ



6.79∗∗∗ −1.11 0.08 1.80∗∗ 3.75∗∗∗ −0.54 −0.47 −0.37 −2.39∗∗ 0.01 −0.09 −1.60∗∗∗ 0.08∗ −0.04 0.41∗ 0.37 −0.07 0.01 0.09∗∗∗ 0.03 0.06 0.26∗∗ −0.01 −0.31 0.23 −0.21∗∗∗ 0.02 0.01 0.24 0.80∗∗∗ −0.11 0.03 0.01 −0.10 0.05 −0.03∗∗ −1.60∗∗∗ 0.37 −0.07 0.01 −0.09 −4.78∗∗∗ −0.19∗ 2.26∗∗∗ 0.92∗∗ −0.49 0.50∗∗∗ 0.88∗∗∗



Log-likelihood: −39.05 ***,**, * for signiﬁcant at, respectively, 1, 5 and 10%.



Standard deviation 1.63 0.71 0.23 0.89 1.36 0.85 0.61 1.00 1.10 0.04 0.11 0.62 0.04 0.04 0.22 0.38 0.28 0.04 0.03 0.04 0.04 0.12 0.76 0.60 0.21 0.09 0.12 0.88 0.76 0.32 0.09 0.02 0.11 0.12 0.04 0.02 0.62 0.38 0.28 0.04 0.11 1.19 0.11 0.67 0.39 0.30 0.02 0.01



T-Student 4.18 1.57 0.35 2.03 2.76 0.64 0.78 0.37 2.17 0.23 0.83 2.57 1.83 0.97 1.87 0.99 0.25 0.35 3.54 0.81 1.38 2.18 −0.02 0.52 1.09 2.44 0.16 0.01 0.32 2.53 1.19 1.60 0.05 0.84 1.18 2.05 2.57 0.99 0.25 0.35 0.83 4.03 −1.75 3.35 2.34 1.61 20.66 101.39
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Table 4. Speciﬁcation tests. Null hypothesis



La



Test statistic



Critical valueb



Decision



(1) Cobb–Douglas cost frontier H0 : all cross-effects null (2) No inefﬁciency effects H0 : γ = 0 and all δs = 0 (3) No impact of regulation on efﬁciency H0 : δRoR = δH−RoR = 0



−89.07



100.04



2 (27) = 40. 11 χ5%



Reject H0



−53.43



28.76



2 (6) = 11.91 χ5%



Reject H0



−42.71



7.32



2 (2) = 5.99 χ5%



Reject H0



a



Log-likelihood under null hypothesis. In the case of the no inefﬁciency effects assumption (2), the generalized likelihood-ratio is asymptotically distributed as a mixed chi-square, see Kodde and Palm (1986).



b



cost frontier is an appropriate approach. Before analyzing parameter estimates in Table 3, we proceed to some speciﬁcation tests on our model. 3.3.1. Speciﬁcation tests We must check that some regularity conditions are satisﬁed. First, for most observations, the cost function increases with input prices. Second, a cost function must be concave in prices: when the price of an input increases, the proportion in total cost increase should not be higher than the input price variation because of substitution possibilities among inputs. A sufﬁcient condition for concavity is that the bordered hessian matrix of V C(Y, C, X; β, K, Z) be negative semi-deﬁnite. We have computed the bordered hessian for all observations. All eigenvalues are negative indicating that the estimated cost function possesses good concavity properties. We then test the Translog speciﬁcation against a Cobb–Douglas one, see Table 4. The 27 restrictions necessary to accept a Cobb–Douglas frontier are rejected at a reasonable level of signiﬁcance. The chi-square statistic for the restrictions is 100.04, while the critical value at 5% is 40.11. Second, the hypothesis that γ and the parameters of the inefﬁciency function are jointly equal to zero is also rejected. This implies that a stochastic cost frontier exists and that the inefﬁciency function provides a meaningful explanation of the source of inefﬁciency. Third, we test for the null hypothesis of no effect of the regulatory framework on efﬁciency. The test statistic is greater than the critical value: we reject this hypothesis. 3.3.2. Analysis of costs Let us ﬁrst derive some results on the cost structure. We especially focus on scale economies and on an evaluation of the optimality of installed capital. Assessing economics of scale. Figure 2 presents the variable cost and the average cost function for a utility corresponding to the mean of our sample. One interesting but not surprising ﬁnding of the empirical analysis is that the average variable cost traces out an L-shaped curve when plotted against the level of output, see Figure 2. This implies signiﬁcant and pervasive short run economies of density in the operations of production and distribution of water. Following Caves et al.
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Figure 2. Variable cost and average variable cost (full line for efﬁciency frontier and dotted line for mean observed efﬁciency).



(1984), we now more formally consider the way the number of customers, the volume of production and the size of capital may affect the variable cost function. 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. The short run returns to density, RTDSR , are computed as: RTDSR = 1/εY ,



(6)



where εy denotes the cost elasticity with respect to output. Short run returns to density are increasing (implying economies of density), constant or decreasing when RTDSR is respectively, greater than 1, equal to 1 or less than 1. The short run returns to density measure the cost savings that result from an increase in production, holding constant both the number of customers (i.e, the output density increases) and the size of capital. The short run returns to scale, RTSSR , are computed as: RTSSR = 1/(εY + εC ),



(7)



where εC is the cost elasticity with respect to the number of customers. Short run returns to scale are increasing, constant or decreasing when RTSSR is greater than
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1, equal to 1 or less than 1, respectively. The short run returns to scale 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. Denoting by εK the cost elasticity with respect to capital K, the long run returns to scale, RTSLR , are deﬁned as: RTSLR = (1 − εK )/(εY + εC ).



(8)



The long run returns to scale are increasing (economies of scale), constant or decreasing when RTSLR is greater than 1, equal to 1 or less than 1, respectively. The long run returns to scale measure the proportional increase of water volume and number of users made possible by a proportional increase of all inputs (including capital). Table 5 summarizes the main cost elasticity results. First, we ﬁnd signiﬁcant and important short run returns to density at the mean sample. This means that an increase in the demand per user will result in a decrease of the average cost. Interestingly, the short run economies of density decrease both with the ﬁnal volume distributed and the number of customers. This result is consistent with the L-shaped average variable cost curve plotted on Figure 2. Second, there are signiﬁcant short run returns to scale, but the gains to be expected from an increase in production to satisfy the demand from new customers are less important. Third, at the mean sample the long run returns to scale are not signiﬁcantly different from 1 at a 5% level. It should however be noted that the smallest water services, both in terms of volume sold and number of customers, present signiﬁcant increasing long run returns to scale. For the smallest utilities, an increase in service size (i.e., production, customers and capital) will result in a decrease in average cost. Last, long run returns to scale decrease with the size of the water service (volume of



Table 5. Cost elasticities according to the size of water utilities. RTDSR Volume sold Small MediumL MediumH Large Number of customers Small MediumL MediumH Large Total



RTSSR



RTSLR



2.345*** 2.154*** 2.095*** 2.107***



(0.370) (0.359) (0.298) (0.459)



1.311***(0.126) 1.331**(0.177) 1.344** (0.191) 1.481* (0.324)



1.096* (0.069) 1.073 (0.062) 1.061 (0.063) 1.052 (0.058)



2.263*** 2.212*** 2.084*** 2.105*** 2.188***



(0.389) (0.369) (0.314) (0.444) (0.387)



1.338*(0.218) 1.351***(0.143) 1.337**(0.204) 1.451(0.299) 1.367*(0.227)



1.100*(0.072) 1.074*(0.056) 1.058 (0.057) 1.057 (0.064) 1.071 (0.065)



Standard deviation in parentheses. Small, MediumL , MediumH and Large correspond to subsamples deﬁned by quartiles 1–4. ***, **, * for returns signiﬁcantly greater than 1 at respectively, 1, 5 and 10%.
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Table 6. Cost elasticities according to the regulation. RTSSR



RTDSR RoR Mean Min. Max. Standard Deviation > 1 (in %)a a Percentage



H-RoR



I-PC



RoR



H-RoR



RTDLR I-PC



RoR



H-RoR



I-PC



2.17 1.19 3.16



2.08 1.24 3.10



2.20 1.21 3.89



1.41 0.84 2.38



1.34 0.77 1.93



1.36 0.80 2.47



1.05 0.94 1.15



1.07 0.93 1.26



1.07 0.60 1.24



0.79 100.0



0.57 100.0



0.98 100.0



0.51 95.7



0.37 92.0



0.60 95.4



0.37 80.6



0.29 90.0



0.45 87.3



of utilities for which the cost elasticity is > 1.



water sold or number of customers). These results are in line with those obtained by Garcia and Thomas (2001) on a sample of French water utilities. They however differ from those recently reported by Torres and Morrison-Paul (2004) for the U.S. and by Saal and Parker (2000) for the U.K.20 Signiﬁcant differences in water utility sizes may help reconcile these contradictory results. With an average number of customers lower than 5000, Wisconsin water services can be viewed as small compared to the average U.K. water service, serving more than 2 million customers in 2000, Saal and Parker (2000), or even to the average U.S. service in the sample used by Torres and Morrison–Paul (2004), serving on average 41,000 customers. This supports the view that scale economies are prevalent in the water industry at low production levels, but decline with the size of the utility, Kim (1987). Last, in Table 6, we report the cost elasticities as a function of the the type of regulation implemented. As it can be seen, the cost technology does not depend on the regulation framework. The short term returns to density and the returns to scale do not signiﬁcantly differ according to the regulation. Assessing the optimal level of capital. The variable cost function must satisfy the same properties as the long-run cost function. In addition, it must be non increasing in capital K (Chambers, 1988). This additional requirement is satisﬁed for almost all observations. However, ﬁxed inputs do not necessarily achieve cost minimization. The fact that adjusting the level of capital is costly and lengthy may explain why utilities do not operate at the optimal capital level. A simple test of the optimality of installed capital can be done by comparing the marginal variable cost of capital to its price. The optimal capital level K ∗ is the solution to the following ﬁrst-order conditions: ∂V C(Y, C, X; β, K ∗ , Z) = −wK , ∂K



(9)



where wK is the unit price of capital. This non-linear equation is solved for each observation using the NLSYS procedure in Gauss. By comparing the optimal level of capital K ∗ and the observed
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Table 7. Ratio K/K ∗ .



RoR H-RoR I-PC Total a Percentage



Mean



Min



Max



Standard deviation



K/K ∗ > 1a



1.75 1.21 1.11 1.19



0.01 0.10 0.00 0.01



14.23 5.63 12.06 14.23



1.24 0.44 1.53 1.21



49.46 42.00 38.78 40.60



of utilities for which K/K ∗ > 1.



level K for each observation, we can see if water utilities operate on their long-run equilibrium path, table 7. Our estimates suggest the following comments. First, most of the services are not located on the optimal long-run equilibrium path. For more than 87% of the utilities, the optimal level K ∗ differs by more than 25% from the observed level, in absolute value. This result is important as it means that any long-run cost estimation would have been misspeciﬁed. Second, 40.6% of the water utilities are characterized by over-investment in capital. This is a quite surprising result since it is commonly asserted that US water utilities suffer from a lack of investment. One possible explanation could be that the ‘observed’, reported, level of capital is not equal to the actual level of capital. As mentioned by Biglaiser and Riordan (2000), the US public utility regulatory framework gives ﬁrms strong incentives to have under-depreciated assets. The level of ‘true fully depreciated’ capital could be lower than the reported one. Third, it is also interesting to try to relate the optimality of capital to the type of regulation.21 The utilities with the highest over-capitalization are the ones under RoR, with an average ratio K/K ∗ of 1.75. Almost half of those utilities have a larger level of capital than the optimal one. This is not surprising as most of the utilities having realized important investments (major construction projects for instance) and requiring substantial price increases, must go through the conventional rate case procedure, i.e., face a RoR regulation. Another possible explanation is that a utility with high capital levels on its books, either due to historical choices or to accounting measures, may choose a RoR regulation so as to maximize proﬁts. The hybrid rate of return regime also induces over-capitalization. Yet the decision to build new equipment is based on long term considerations, so that the observed level of capital can be too high compared to current water demand, but could still be optimal for a longer planning horizon. Last, utilities regulated under an interim price cap are characterized by the lowest ratio K/K ∗ . This is consistent with the theory. Biglaiser and Riordan (2000) indeed show that price-cap regulation induces more efﬁcient capital replacement decisions than naive rate-of-return regulation. 3.3.3. Inefﬁciencies The estimates in Table 3 answer some of our core questions: The regulatory framework appears to have a signiﬁcant effect on the efﬁciency of regulated water utili-
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Table 8. Mean inefﬁciency of water utilities by type of regulation. Type of Regulation



Mean



Standard deviation



Min



Max



RoR H-RoR I-PC Total



1.097 1.199 1.123 1.125



0.039 0.103 0.096 0.093



1.044 1.084 1.041 1.041



1.343 1.584 1.570 1.584



ties since the estimates of the parameters δ0 , δRoR and δH−RoR are all signiﬁcantly different from zero at the 5% level. Our ﬁrst conjecture is veriﬁed: The level of cost-minimizing effort can be explained, at least in part, by the regulatory framework. First, being under a RoR procedure decreases inefﬁciency: the coefﬁcient associated to DUMRoR is negative. Second, the hybrid H-RoR regime tends to have a negative impact on efﬁciency: the coefﬁcient associated to DUMH−RoR is positive and signiﬁcant. The time dummy variable for year 1999 is signiﬁcant and positive in the inefﬁciency equation (for year 2000, the dummy is not signiﬁcant). The time dummies do not seem to reﬂect any speciﬁc trend (technical progress should be very limited for instance on such a short period). The year 1999 dummy may better be interpreted as capturing some exogeneous shock. This year has indeed been characterized by particularly heavy rainfalls, with total precipitations of 515.9 mm for the May to August period, compared to an average of 466.9 mm for the same period over the three years of our study (Wisconsin State Climatology Ofﬁce). Table 8 gives the mean efﬁciency of water utilities according to the type of regulation under which they operate. The mean inefﬁciency on the whole sample is 1.125: Water utilities do not operate too far away from their cost efﬁciency frontier on average.22 The cost of a Wisconsin water utility is on average 13% higher than the cost of a fully efﬁcient utility operating on the cost frontier. We do not observe any signiﬁcant change in inefﬁciency over the period; Inefﬁciency is on average equal to 1.13 in 1998, 1.15 in 1999 and 1.09 in 2000. Let us further investigate how efﬁciency depends on the type of regulation. On average, the most efﬁcient utilities are those operating under the RoR regulatory scheme. Their mean inefﬁciency is 1.097 with a very low standard deviation: all utilities under RoR regulation operate at the neighborhood of their cost frontier. This result may be surprising at ﬁrst sight. Yet two main reasons may help understanding this result. First, the RoR procedure implemented by the PSC requires ﬁrms to provide extensive information on costs, tariffs, investments. . . The regulator can thus closely monitor the utilities’ behavior. Second, although ﬁrms under the RoR regulatory regime have capital intensities (K/Y orK/C) similar to the other ﬁrms, they present the highest over-capitalization (Table 7). This over-capitalization, by allowing them to save on variable costs, may explain why these utilities appear to be the more efﬁcient in the short run. Conversely, and as expected, the least efﬁcient water utilities are those regulated under a hybrid rate of return scheme. Their average inefﬁciency is 1.199, with a high standard deviation and a wide range of values (from 1.084 to 1.584). Other
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Figure 3. Distribution of the expected inefﬁciency by type of regulation.



things being equal, the cost of a water utility under a H-RoR regulation is on average 7.9% higher than for utilities under an interim price cap regime, and 10.7% greater than for utilities under a RoR. The PSC should compare these efﬁciency gains to the cost of close auditing, in order to determine the optimal number of water utilities going through a CRC procedure (RoR regulation) each year. Finally, utilities operating under an interim price cap regime are quite efﬁcient.23 On average, their expected inefﬁciency level is 1.123. It is interesting to see that this category includes both very efﬁcient utilities (the minimum inefﬁciency is 1.041), and very inefﬁcient ﬁrms (the maximum inefﬁciency is 1.570). Some very efﬁcient utilities may ﬁnd it proﬁtable not to apply for a price increase that would induce a deep audit of their accounts, and may prefer to remain residual claimant for the proﬁts generated by their high productivity. And some very inefﬁcient ﬁrms may prefer to avoid asking for price changes, in order not to reveal past mis-management for instance. To summarize, our ﬁrst two conjectures are validated, but not the third one, since water utilities are less efﬁcient under an interim price cap regulation than
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under a RoR regulation – remember that the stylized model predicted the same level of effort. The asymmetric information characterizing the relationship between the regulator and the water utility may however explain why effort would not be as efﬁcient under a price cap system as under a RoR with extensive information. RoR regulation corresponds to extensive information acquisition by the regulator; this information may possibly be even better than the information that owners have under a price cap regime. Indeed, although a price cap regime provides good incentives to ﬁrm owners to minimize variable costs, these owners (here the municipalities, in most cases) also suffer from asymmetric information in their dealings with the ﬁrm manager.24 The information obtained by the PSC under a RoR regulation may help solve agency problems within the ﬁrm.25 Last, it is interesting to plot the distribution of the expected level of efﬁciency by type of regulation, Figure 3. It conﬁrms our previous results. For more than 63.4% of the water utilities under a RoR regulation, the expected inefﬁciency is smaller than 1.1, meaning that those services operate in the neighborhood of their cost frontier. At the same threshold of 1.1, the proportion for water utilities under an interim price-cap and a hybrid rate-of-return regulation falls, respectively, to 58.0 and 8% only. The distribution of the expected inefﬁciency for ﬁrms under a H-RoR regulation seems to be bi-modal. This would suggest that different types of utility are mixed within this category, as was obtained in our stylized model.



4.



Conclusion



The main objective of this paper was to assess the effects of regulatory policies on the cost efﬁciency of water utilities in Wisconsin. We have used a stochastic cost frontier approach, expressing unobservable efﬁciency as a function of exogenous variables. The estimation was based on a panel of 211 Wisconsin water utilities observed from 1998 to 2000. We have shown that their efﬁciency can be explained by the regulatory framework. On average, the most efﬁcient utilities are those operating under a rate of return regime in which the regulator gathers extensive information. On the contrary, the least efﬁcient water utilities are those regulated under a hybrid scheme corresponding to a rate of return regulation with much less information, together with an upper bound on water price increases. All other things being equal, the cost of a water utility under a hybrid rate of return regulation is 10.7% higher than the cost of water utilities under a rate of return framework with extensive information acquisition (RoR). Finally, water utilities operating under an interim price cap scheme are shown to be quite efﬁcient, although not quite as much as those under a RoR procedure. We hope to relax in the future several assumptions we have made in this paper. First we have considered the regulatory framework as given for a water utility. This is only partially true. The eligibility constraints for applying to each type of regulation considerably limit the discretion of water utilities. But there is still some space for strategic behavior, that we hope to take into account in future
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work. Second, our analysis is purely static, whereas it is clear that the dynamics of regulation are very important. For example, in a model with technical progress, Biglaiser and Riordan (2000) show that the time horizon of a price-cap regulation plays a crucial role in the optimal replacement of assets, since price-cap regulation may not provide better incentives than rate of return regulation when the length of the cap is short. For longer horizons, their results suggest that asset replacements are concentrated at the beginning of the price cap period, the ﬁrm having no incentives to replace capital near the end. We would like to empirically investigate this ‘front loaded’ effect of new investments. In the present study, over-investment in the ﬁrst period is likely to be cancelled, on average, by under-investment in the last period of the price-cap. More consecutive periods are needed to test this effect of price-cap regulation. Third, we have assumed that there is no ﬁxed effect explaining the level of efﬁciency; this implies that effort can be adjusted in each period according to the regulation under effect, with an immediate effect on efﬁciency. This is an important shortcut as efﬁciency changes may require more than one period.
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Notes 1.



Moreover, a selection bias is likely to exist in the estimation of the impact of the particular regulation scheme chosen by the regulator: This scheme may be inﬂuenced by non-observable variables that are correlated to ex post efﬁciency. 2. The results of the study by Feigenbaum and Teeples (1983) on a sample of U.S. water services suggest that there are no signiﬁcant differences in cost of service between private and public ﬁrms. An important contribution of their work is that the empirical analysis of ownership and efﬁciency is highly sensitive to the cost speciﬁcation. Bhattacharyya et al. (1994) use a survey conducted by the American Water Works Association and provide some evidence that public water utilities are on average more efﬁcient than private ones. Using the same dataset but adopting a stochastic frontier approach, Bhattacharyya et al. (1995) show that for small services, privately owned water utilities are nevertheless comparatively more efﬁcient. More recently, Estache and Rossi (2002) estimate a stochastic cost frontier for a sample of Asian and Paciﬁc regional water companies, and ﬁnd that efﬁciency is not signiﬁcantly different in private companies and in public ones. Comparing the productivity of water services in England and Wales, Saal and Parker (2001) conclude that total factor productivity has not improved relative to the pre-privatization period. 3. A well-known such rule, proposed in the U.K. by Stephen Littlechild, is the RPI — X rule, that allows prices to increase according to changes in the retail price index minus some speciﬁed number X. 4. For example, the regulatory agency of Wisconsin is responsible for the regulation of more than 1400 utilities. The agency is required by the legislation to process a rate case application within 90 days after receipt.
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It should be clear nevertheless that this regime differs to some degree from the ‘textbook’ deﬁnition of a pure rate of return. We consider here capital as a quasi-ﬁxed input. Investment decisions are long-term decisions that may not be affected by the current regulation but rather by expectations on the future state of the system (demand, water supply . . . ). It has been shown that the short-run elasticity of demand from individual consumers is between 0.1 and 0.4 but this assumption allows focusing only on the impact of the regulatory framework. We abstract here from all issues of quality of service, mainly because the data we have will not allow us to assess the effect of regulation on quality. Strong incentives to reduce costs nevertheless go along, in general, with incentives to downgrade quality of service, an important limitation to the beneﬁts of price cap regulation. We assume that the efﬁcient level of effort is strictly positive. This is in particular guaranteed under the assumptions that Ce (e|θ ) → −∞ and ψ  (e) bounded, when e tends to 0. Price minimization is a consequence of the assumption that the PSC gives a higher weight to consumers than to ﬁrms in its objective function. This assumption corresponds to the actual mandate of Wisconsin PSC. Moreover, the fact that the objective of the PSC is cost-minimization and the absence of quality considerations guarantee that the effort level preferred by the PSC is also the one that maximizes proﬁts for a non regulated utility. p + C(e∗ (θ )|θ ) is assumed to be linear on the graph but this is simply for clarity. Considering the capital stock as a quasi-ﬁxed input is a very common assumption when analyzing the cost structure of water utilities (see Bbattacharyya et al., 1994, 1995; Garcia and Thomas, 2001) among others. See for instance Garcia and Thomas (2001). The price of capital used is the yield in percent of a long-term U.S. Government securities unweighted average on all outstanding bonds neither due nor callable in less than 10 years (source: Federal Reserve Board of Governors). We have in particular considered a variable cost function where the capital level is proxied by the network length of the water utility. In vector Z, only the average pumping depth is expressed in logarithms. Among the 211 utilities, 79 ﬁrms go through a CRC procedure (RoR regulation) at least once during the period 1998–2000. Thirty six ﬁrms go through a SRC procedure (H-RoR regulation) at least once during the same period. We assume that the regulatory schemes are proposed and determined by the regulator. The regulation under effect is considered as exogenous. The eligibility conditions set by the regulator can support this assumption. In order to assess the presence of a selectivity bias, though, we have used a standard two-stage method consisting in estimating ﬁrst a selection equation and then the cost function. The choice equation has been estimated using a nested logit model (price increase versus no price increase in the ﬁrst stage, and RcR versus H-RoR in the second stage). The selectivity bias is then corrected for by introducing in the cost function equations the conditional probabilities. None of these terms appear to be signiﬁcant which indicates that the selection bias is not a crucial issue in our sample. The results of these estimates are available from the authors upon request. We have tested some alternative speciﬁcations of the inefﬁciency equation. In particular, and in order to determine if a switch in regulatory regime results in a signiﬁcant impact on cost efﬁciency of utilities, we have introduced in the inefﬁciency equation 8(= 9 − 1) dummy variables characterizing the regulatory regime of the previous and current periods (e.g., from RoR to RoR, from RoR to H-RoR, from RoR to I-PC, etc). Only two variables are signiﬁcant at a 10% level, and only one at 5 and 1%. The qualitative results in terms of cost efﬁciency do not differ from the ones obtained with the speciﬁcation we have retained. According to Garcia and Thomas (2001), French water utilities are characterized by signiﬁcant increasing short run returns to scale whereas the long run returns are constant. Saal and Parker (2000) ﬁnd diseconomies of scale for the water and sewage industry in the U.K. Torres and Morrison-Paul (2004), working on a sample of 300 U.S. water utilities, report constant long run returns to scale for small services and decreasing returns for medium and large services.
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Of course water utilities do not instantaneously adjust their capital to the regulation under effect. However, given the eligibility rules and their own strategies, utilities can anticipate which type of regulation will take place in the future with a relatively good precision. Moreover, the type of regulation they are currently facing may be affected by past investment decisions. Remember that inefﬁciency varies from 1 to +∞, one corresponding to a fully efﬁcient utility, operating just on its cost frontier. Our results are in line with those obtained by Estache and Rossi (2004) on a sample of electricity utilities in Latin America. The authors analyze the labor efﬁciency (labor productivity) of 127 ﬁrms and conclude that incentive-based regimes (like a price cap regime) lead to higher efﬁciency levels than rate of return. The divergence in objectives between managers and share-holders has been widely documented. In the particular case considered here, managers are unlikely to be suitably rewarded by stock options since most utilities are owned by a municipality and are not quoted. Consider the same regulatory scheme as in Section 1, but the ﬁrm is now itself constituted of two agents, the share-holder (who is residual claimant for the proﬁts) and a manager, who is hired by the share-holder to exert effort. The share-holder offers some wage in exchange for an effort level to be undertaken. Both individuals are perfectly informed on the value of the intrinsic cost parameter, θ, and observe the level of effort undertaken by the manager. But the cost of effort for the manager is his private information (e.g., it depends on his non observable ability). The share-holder must then design the wage scheme so as to induce the revelation of the cost disutility of the manager, and this creates information rents for the latter. In such a model, effort levels should be distorted downward in order to reduce rents. The only case in which this may not be necessary is the case of a CRC procedure, if it enables as a side-effect, the share-holder to learn his manager’s ability.



Appendix A: Derivation of the Likelihood of the Model This appendix presents the main results from Battese and Coelli (1993) adapted for the case of a cost frontier. The pdf of vit is:   1 2 2 fv (v) = √ exp − v /σv , 2 2πσv 1



∀v.



(A.1)



The pdf of the truncated normal density is:   1 1  2 2 fu (u) = √ exp − (u − z δ) /σu , 2 2πσu (z δ/σu ) 1



u ≥ 0,



(A.2)



where (.) is the distribution function for the standard normal random variable. Let  be the overall error term in (1),  = v + u. The marginal density of  can be obtained by integrating u out of the joined density (, u). Straightforward computations yield: f () = √



 



(u∗ /σ∗ ) 1 1  2 2 2 (ε − z δ) /(σ + σ ) , exp − u u 2 2π(σu + σv ) (z δ/σu )



u ≥ 0 (A.3)
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where u∗ = (z δσ2 − σu2 )/(σu2 + σv2 ) and σ∗ = (σu2 σv2 )/(σu2 + σv2 ). Deﬁning σ 2 = σv2 + σu2 and γ = σu2 /(σv2 + σu2 ), it follows that the log-likelihood of the model is: I



L(β, δ, γ , σ 2 ) = −



i=1



−



I



T



1  1 T (ln 2π+ln σ 2 )− (V Cit −Xit · β+Zit · δ)2 /σ 2 2 2 I  T 



i=1 t=1



ln (u∗ /σ∗ ) − ln (z δ/σu ).



(A.4)



i=1 t=1
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