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Abstract 

This paper examines developments since the publication of The Economics of Regulation in the 
theory of incentive regulation and its application to the regulation of unbundled electricity 
transmission and distribution networks. Conceptual mechanism design issues that arise when 
regulators are imperfectly informed and there is asymmetric information about costs, managerial 
effort, and quality of service are discussed. The design and application of price cap mechanisms and 
related quality of service incentives in the UK are explained. The limited literature that measures the 
effects of incentive regulation applied to electricity networks is reviewed. 

1 Introduction 

Alfred Kahn began to write what became The Economics of Regulation while I was an 
undergraduate at Cornell. He was my teacher and academic advisor at Cornell and is the 
one who stimulated my interest in both economics and the economics of regulation. Much 
has changed since The Economics of Regulation was published in 1970/71 (Volume 1 in 
1970 and Volume 2 in 1971). Most of the industries that were thought to be “natural 
monopolies” and were subject to price, entry and service quality regulation at that time (for 
example, telecommunication, electricity, natural gas transportation, cable television, etc.) 
have been restructured and competition introduced into one or more of their horizontal 
segments.1 Other industries, where the economic case for pervasive price and entry 
regulation was already increasingly being recognized as dubious by 1970, and where 
regulation and competition were often mixed together (for example, trucking, airlines, 
railroads, natural gas production), have been completely deregulated. The expanse of the 
economy in the U.S. and most other countries that is subject to price, entry and service 
quality regulation today has shrunk considerably since 1970.  

There are many reasons for this trend, including changes in technology, poor 
performance exhibited by some regulated industries, changes in the political economy of 
regulation and associated changes in the power of different interest groups, and broader 
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Electric Distribution and Transmission,” Joskow (2006a) prepared for the National Bureau of Economic 
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1 Competition in Electricity remains a work in progress in the U.S. See Joskow (2006c). 
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ideological shifts favoring markets over regulation and state-owned enterprises. While the 
pendulum may be shifting back in some sectors (for example, financial market regulation, 
health and safety regulation, access of content providers to communications networks, etc.) 
the broad changes in the mix of regulated and competitive segments that we have observed 
in the last 30 years is unlikely to be reversed. 

Even in countries that have gone the farthest in “liberalizing” previously regulated and 
state-owned enterprises, certain network segments of some of the historically regulated 
“natural monopoly” industries continue to be subject to price, entry and service quality 
regulation. These industries include electricity transmission and distribution networks, 
natural gas transmission and distribution networks, and water supply networks. In the case 
of electricity and natural gas transmission and distribution networks, the regulatory 
mechanisms applied to these networks have important implications for supporting 
wholesale competition (electricity generation, natural gas production, and associated 
wholesale marketing activities) and retail competition (competition to supply end-users) 
since they serve as platforms upon which competing wholesale and retail suppliers depend 
and also implement market and non-market mechanisms to maintain network reliability. 
Thus, good performance of the competitive segments depends on good performance of the 
remaining regulated network segments. 

The application of sound regulatory mechanisms that affect the terms and conditions of 
network connections, network delivery prices, network investment, and network service 
quality have been important components of all successful electricity sector liberalization 
programs around the world. The benefits of a good regulatory framework include lower 
network service costs, improvements in service quality, investment to expand the network 
to support changes in supply and demand for network services, and the development of 
efficient network platforms to support robust competitive wholesale and retail markets. 
While many of the basic regulatory principles discussed in The Economics of Regulation 
still apply to these remaining regulated monopoly network segments, there have been 
important advances in both theory and application since those volumes were published as 
well.  

Volume 1 of The Economics of Regulation focuses on the principles for pricing 
regulated services supplied by firms that are subject to budget or break-even constraints. 
While there have certainly been theoretical advances associated with the second-best 
pricing of services supplied by regulated monopoly firms since 1970, especially with 
regard to the design and welfare properties of non-linear prices to meet budget constraints, 
the application of these basic pricing principles at the retail level has not advanced very 
far. So, for example, except for large retail customers, time of day pricing and real time 
pricing for electricity and natural gas has not spread quickly at all, despite the fact that the 
information available from wholesale markets about generation and natural gas prices 
makes it even easier to apply these concepts today than in 1970. At the wholesale level, in 
those places where prices have been deregulated, the market naturally leads to the load 
varying prices whose basic economic principles are developed in detail in Volume 1. 

The problem of designing rewards and incentives for efficient production by firms 
subject to cost-of-service or rate-of-return regulation is discussed briefly in Volume 1 
(pages 53-54) and in (the more rarely read) Volume 2 (Chapters 2 and 3). The discussion 
in Volume II of The Economics of Regulation in particular raises the right issues: 

…the central institutional questions have to do with the nature and adequacy of the incentives and 
pressures that influence private management in making the critical economic decisions. (Volume II, 
page 47) 
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…[rate of return regulation] creates strong incentives to pad their expenses.” (Volume II, page 48) 

It also has several insights into how incentives might be introduced into the regulatory 
process to improve performance: 

Freezing rates for the period of the [regulatory] lag imposes penalties for inefficiency, excessive 
conservatism, and wrong guesses, and offers rewards for the opposites … 

From an overall economic efficiency perspective, these production cost and service quality 
inefficiencies are likely to be more important than are failures to adopt the most efficient 
(second best given budget constraints) pricing structures. This is the case because the 
efficiency losses from excessive costs lead to “first order” efficiency losses (“rectangles”) 
while the pricing inefficiencies are likely to be second order (Harberger “triangles”). The 
historical focus on efficient price structures, rather than cost control and service quality 
incentives, likely flows in part from the political concerns about monopoly power, 
excessive prices, and price discrimination that played an important political role leading to 
the creation of regulated legal monopolies and oligopolies in the first place. But we must 
recognize as well that in the last fifteen or twenty years there have been major advances in 
imperfect and asymmetric information theory, and in the theories of incentive mechanisms 
and associated contractual arrangements generally that have now made it possible to 
develop relevant theories and then to apply them.  

At the time The Economics of Regulation was written, there was relatively little formal 
theoretical development of the properties of alternative incentive regulation mechanisms 
that provide incentives to regulated firms to control costs, to offer appropriate levels of 
service quality, and to find it in their interest to set efficient (second-best) price structures. 
Absent relevant theory, it was difficult to develop applications that could be applied in the 
real world, though experiments with incentive regulation go back to the 19th century 
(Joskow, 2007). At the time The Economics of Regulation was published, the primary 
theoretical analysis that focused on the incentive properties of rate of return regulation was 
the Averch-Johnson (or as Kahn refers to it in his book, the Averch, Johnson, and Wellisz 
or A-J-W effect, to recognize the less widely cited paper by Stanislaw Wellisz that 
identified similar potential distortions from rate of return regulation (Averch and Johnson, 
1962; Wellisz, 1963)). The A-J-W effect turns on the incentives created by a 
characterization of rate of return regulation that effectively reduces the regulated firm’s 
effective cost of capital inputs (r) by creating a profit margin on increases in capital input 
while leaving fixed the price of other inputs (“labor” in the A-J model) since these input 
costs are assumed (that is, asymmetrically vis-à-vis capital costs) to be passed through 
dollar for dollar into regulated prices. This in turn leads a profit maximizing regulated firm 
subject to this type of regulation to make long run production decisions that use a higher 
capital/labor ratio than would be cost-minimizing given the firm’s production function and 
true input costs. This theory ignores many attributes of real regulatory institutions and it 
has little if any empirical support (Joskow, 1974, 2007; Joskow and Rose, 1989), but for 
many years it was “the” positive theory of regulation. However, in the last fifteen or 
twenty years there have been significant advances in the theory of “incentive regulation” or 
“performance-based regulation” and these concepts are beginning to be applied in the 
regulation of electricity and gas transmission and distribution networks in a number of 
countries (Joskow 2006a, 2006b, 2007).  

The rest of this paper identifies the key elements associated with the development of 
modern incentive regulation theory and then examines the application of alternative types 
of “incentive” or “performance-based” regulation of electricity distribution and 
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transmission network price levels, price structures and service quality. The discussion will 
assume that effective electricity sector restructuring and unbundling mechanisms have 
been put in place so that there are clearly defined distribution and transmission network 
entities offering unbundled delivery and network support services to market participants 
(as in the UK and portions of the U.S.). I will also assume that electricity networks are 
regulated monopolies2 and that an independent regulator with adequate staff resources has 
been created to oversee the regulation of the distribution and transmission networks. 

2 Theoretical considerations 

The primary goal of regulation in the public interest is to stimulate the regulated firm to 
produce output efficiently from cost and quality (including reliability) perspectives, to 
price the associated services efficiently, and to achieve these goals consistent with 
satisfying a break-even or budget-balance constraint for the regulated firm that allows the 
firm to covered its costs of providing service while restraining its ability to exercise its 
market power to exploit consumers by charging excessive prices. Much of the older 
theoretical literature on optimal (first and second-best) pricing of services provided by 
regulated monopolies (for example, Boiteux, Steiner, Turvey) assumes implicitly that 
regulators are perfectly informed about the regulated firm’s cost opportunities and demand 
patterns and can effectively enforce cost minimization on the regulated firm.3 The 
literature then focuses on first and second-best pricing of the services provided by the 
regulated firm given defined cost functions, demand attributes and budget balance 
constraints (for example, Ramsey-Boiteux pricing, non-linear pricing, etc.).4 The older 
literature did not focus on incentives to minimize costs or improve other dimensions of 
firm performance (for example, service quality attributes), aside from making the general 
observation that firms insulated from competition and subject to cost-based regulation 
were likely to be inefficient and the limited formal theoretical developments of the A-J-W 
effect discussed above. 

In reality, regulators care (or at least should care) as well (or more) about the 
production efficiency and service quality implications of the regulatory mechanisms they 
choose. Regulators are neither completely informed nor completely uninformed about 
relevant cost, quality, and demand attributes faced by the regulated firm. Regulators have 
imperfect information about these firms and market attributes and the regulated firm 
generally has more information about these attributes than does the regulator. Furthermore, 
managers have discretion to make choices not only about input proportions (as in the A-J-
W models) but on how hard they will work to minimize the firm’s costs or in choosing the 
levels of service quality. Accordingly, the regulated firm may use its information 
advantage (asymmetric information) strategically to exploit the regulatory process to 

                                                 
2 The economic attributes of unregulated “merchant” transmission network investment are discussed in 
Joskow and Tirole (2005). 
3 An exception is the extensive theoretical and limited empirical literature following Averch and Johnson 
(1962), and especially after Baumol and Klevorick (1970) that examines potential distortions in input 
proportions caused by rate-of-return constraints. The empirical foundations for these theories are discussed in 
Joskow and Rose (1989). 
4 Brauetigam (1989).  
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increase its profits or to pursue other managerial goals, to the disadvantage of consumers 
(Laffont and Tirole, 1993, Chapter 1).  

This creates potential moral hazard (for example, too little managerial effort resulting 
in excessive costs) and adverse selection (for example, prices that are too high relative to 
production costs) problems that effective regulatory mechanism design must address. The 
recent theoretical literature on incentive regulation focuses on devising regulatory 
mechanisms to respond to these moral hazard and adverse selection problems (Laffont and 
Tirole, 1993; Armstrong and Sappington, 2007).  

Consider a situation in which the regulator is uncertain about the firm’s true underlying 
costs and its opportunities further to reduce costs, the regulator cannot observe the level of 
managerial effort expended by the firm, but the regulator can monitor accurately the firm’s 
realized costs ex post in regulatory hearings and through audits. The regulated firm knows 
its true cost opportunities, its managerial effort, and the effects of managerial effort on 
costs. Following Laffont and Tirole (1993, pp.10-19), under these assumptions we can 
think of two polar case regulatory mechanisms that may be applied to a monopoly firm 
producing a single product with a fixed quality. The first regulatory mechanism involves 
setting a fixed price ex ante that the regulated firm will be permitted to charge going 
forward (that is, effectively forever). In a dynamic setting this is equivalent to a pricing 
formula that starts with a particular price and then adjusts this price for exogenous changes 
in input price indices and other exogenous indices of cost drivers (again, effectively 
forever). This type of regulatory mechanism can be characterized as a fixed price 
regulatory contract or, in a dynamic setting, a price cap regulatory mechanism.  

Because prices are fixed with this mechanism (or vary based only on exogenous indices 
of cost drivers) and do not respond to changes in managerial effort or ex post cost 
realizations, the firm and its managers keep 100% of any cost reductions they realize by 
increasing effort. Accordingly, and ignoring service quality and investment considerations 
for now, this mechanism provides incentives to induce efficient levels of managerial effort 
and in turn cost reduction. This effect is a first order “rectangle” efficiency gain. However, 
because the regulator must ensure that any regulatory mechanism it imposes on the 
regulated firm meets a budget balance constraint, when the regulator is uncertain about the 
regulated firm’s true cost opportunities she will have to set a relatively high fixed price (or 
dynamic price cap) to ensure that if the firm is indeed inherently high cost, the prices under 
the fixed price contract or price cap will be high enough to cover the firm’s (efficient but 
high) realized costs. Accordingly, while a fixed price mechanism does well from the 
perspective of providing incentives to reduce costs it is potentially very poor at “rent 
extraction” for the benefit of consumers and society because prices may be too high 
relative to the firm’s true cost opportunities. The social value of rent extraction depends 
upon the social welfare function applied to the distribution of these rents between 
consumers and producers (Armstrong and Sappington, 2007) or the cost of public funds in 
a public procurement theoretical framework (Laffont and Tirole, 1993).  

At the other extreme, the regulator could implement a simplistic pure “cost of service” 
regulatory contract where the firm is assured that it will be compensated for all of the costs 
of production that it actually incurs and no more. After the firm produces, the regulator’s 
uncertainty about whether the firm is a relatively high or a low cost opportunity firm will 
be resolved. And since the regulator compensates the firm only for its realized costs, there 
is no “rent” left to the firm or its managers in the form of excess profits. This solves the 
“rent extraction” or “adverse selection” problem that would arise under a fixed price 
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contract. However, this kind of cost of service regulatory mechanism does not provide any 
incentives for the management to exert optimal (indeed any) effort. Even though there are 
no “excess profits” left to the firm, the actual costs incurred by the firm may be 
inefficiently high as a result of too little managerial effort. Managers now retain 0% of any 
cost savings they achieve and have no incentive to exert cost-reducing effort. Accordingly, 
consumers may now be paying higher prices than they would have to pay if the 
management could be induced to exert more effort to reduce costs. Indeed, it is this kind of 
managerial slack and associated x-inefficiencies that most policymakers have in mind 
when they discuss the “inefficiencies” associated with regulated firms.  

Conceptually, fixed-price contracts (or price caps) are good at providing incentives for 
managerial efficiency and cost minimization, but bad at extracting the benefits of the lower 
costs for consumers. Cost of service contracts are good at aligning prices and costs but the 
costs will be excessive due to suboptimal managerial effort. Perhaps not surprisingly, the 
optimal regulatory mechanism in the presence of imperfect and asymmetric information 
will lie somewhere between these two extremes. It will have a form similar to a profit 
sharing contract or a sliding scale regulatory mechanism where the price that the regulated 
firm can charge is partially responsive to or contingent on changes in realized costs and 
partially fixed ex ante (Schmalensee, 1989; Lyon, 1996). (I should note that Volume II of 
The Economics of Regulation discusses some early profit sharing or sliding scale plans and 
performance benchmarking mechanisms (pp.61-63), but expresses some skepticism about 
the regulator’s ability to apply these mechanisms effectively.) More generally, by offering 
the regulated firm a menu of cost-contingent regulatory contracts with different cost 
sharing provisions, the regulator can do even better than if it offers only a single profit 
sharing contract (Laffont and Tirole, 1993).  

3 Price cap mechanisms in practice 

While the theoretical literature on incentive regulation is quite rich, it still provides 
relatively little direct guidance for practical application in real-world circumstances. In 
practice, well-designed incentive regulation programs have adopted fairly simple 
mechanisms that reflect some of the basic theoretical principles discussed above. 

A particular form of incentive regulation was introduced for the regulated segments of 
the privatized electric gas, telephone and water utilities in the UK, New Zealand, Australia, 
and portions of Latin American as well as in the regulated segments of the 
telecommunications industry in the U.S.5  This mechanism chosen is the “price cap” 
(Beesley and Littlechild, 1989; Brennan, 1989; Armstrong, Cowan and Vickers, 1994; 
Isaac, 1991). Price cap regulation is a form of institutionalized regulatory lag. Under price 
cap regulation the regulator sets an initial price po (or a vector of prices for multiple 
products). This price (or a weighted average of the prices allowed for firms supplying 
multiple products or different types of customers) is then adjusted from one year to the 
next for changes in inflation (rate of input price increase or RPI) and a target productivity 
change factor “x.” 6 Accordingly, the price p1 in period 1 is given by: 

                                                 
5 The U.S. is behind many other countries in the application of incentive regulation principles to electric 
distribution and transmission, though their use is slowly spreading in the U.S. beyond telecommunications. 
6 Many implementations of price cap regulation also have “z” factors. Z factors reflect cost elements that 
cannot be controlled by the regulated firm and are passed through in retail prices. For example, in the UK, 
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(1)                                       p1 = po (1+ RPI – x)       

 
In theory, a “forever” price cap mechanism is a high-powered “fixed price” regulatory 

contract which provides powerful incentives for the firm to reduce costs. Moreover, if the 
price cap mechanism is applied to a (properly) weighted average of the revenues the firm 
earns from each product it supplies, the firm has an incentive to set the second-best prices 
for each service (Laffont and Tirole, 2000) given the level of the price cap. So to speak, it 
kills two birds with one stone. As already noted, however, when the regulator has 
imperfect information about the firm’s cost opportunities and must meet a budget balance 
constraint, pure “forever” price cap mechanisms are not optimal from the perspective of an 
appropriate tradeoff between efficiency incentives and rent extraction (Schmalensee, 1989) 
and would leave too much rent to the firm with “average” cost characteristics. Finally, any 
incentive regulation mechanism that provides incentives only for cost reduction also 
potentially creates incentives inefficiently to reduce service quality when service quality 
and costs are positively correlated with one another. 

In practice, “forever” price caps are not typically used in the regulation of distribution 
and transmission network price levels. Some form of cost-based regulation is used to set an 
initial value for po. The price cap mechanism then operates for a pre-established time 
period (for example, five years). At the end of this period a new starting price po and a new 
x factor are established after another cost-of-service and prudence or efficiency review of 
the firm’s costs. That is, there is a pre-scheduled regulatory process to reset or “ratchet” 
prices based partially on costs realized during the previous period. In addition, price caps 
are often only one component of a larger portfolio of incentive mechanisms that include 
quality of service incentives, as discussed in the next section. Finally, regulated electric 
distribution and transmission network firms’ ability to determine the structure of prices for 
different types of customers or for services provided at different locations on the network 
under an overall revenue cap is typically limited. As a result, the applications of price caps 
in practice are properly thought of as cost and quality incentive mechanism not as a 
mechanism to induce optimal second-best pricing of various network services. So, in 
practice the incentive mechanisms are only targeted at one bird rather than two. 

A natural question to ask about price cap mechanisms is where does “x’ (and perhaps 
po) come from or, more generally, how does one choose the correct starting value for po 
and the proper dynamic price trajectory? The difficulty of answering this question in 
practice is one of the sources of skepticism about formal incentive mechanisms expressed 
in Volume II of The Economics of Regulation. In England and Wales and some other 
countries, statistical benchmarking methods have come to be used to help to determine the 
relative efficiency of individual firms’ operating costs and service quality compared to 
their peers. This information can then be used as an input to setting values for both po and 
x (Jamasb and Pollitt, 2001, 2003; OFGEM, 2004a) to provide incentives for those far 
from the efficiency frontier to move toward it and to reward the most efficient firms in 
order to induce them to stay on the efficiency frontier, in a fashion that is effectively an 
application of yardstick regulation (Shleifer, 1985). 

Although it is not discussed too much in the theoretical or empirical literature on price 
caps, capital-related cost are handled quite differently from operating costs in the 
                                                                                                                                                    
the charges distribution companies pay for connections to the transmission network are treated as pass-
throughs. Changes in property tax rates are also often treated as pass-throughs.  
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establishment and resetting of po and x. The limited attention paid to capital-related costs 
in the academic literature on price cap regulation provides a potentially misleading picture 
of the challenges associated with implementing a price-cap mechanism effectively. This is 
the case for several reasons. First, in practice, the po and x values must be developed based 
not only on a review of the relative efficiency of each firm’s operating costs, but also based 
on the value of the firm’s current capital stock or rate base, forecasts of future capital 
additions required to provide target levels of service quality, and the application of 
depreciation rates, estimates of the cost of the firm’s debt and equity capital, assumptions 
about the firm’s dept/equity ratio, tax allowances and other variables to turn capital stocks 
into prices for capital services over time. The capital cost related allowances represent a 
large fraction of the total price (po) of supplying unbundled electricity network services so 
the choices of these parameters for defining capital user charges are very important. 

Second, allowances for capital-related costs are typically established by regulators 
using incentive regulation mechanisms through more traditional utility planning and cost-
of-service regulatory accounting methods including the specification of a rate base (or 
regulatory asset value), depreciation rates, debt and equity costs, debt/equity ratios, tax 
allowances, etc. This is the case because the kinds of statistical benchmarking techniques 
that have been applied to operating costs have not been developed for capital-related costs, 
due to significant heterogeneity between firms in terms of the age of assets, geography, 
service quality, lumpiness of capital investments and other considerations. Third, the 
efficiency properties of a regulatory mechanism that mixes competitive benchmarking with 
more traditional forward-looking rate of return regulation are more complex than first 
meets the eye (Acemoglu and Finkelstein, 2006). 

In principle, operating and capital costs could be integrated and associated benchmarks 
determined using total factor productivity measures. This is the approach taken by the 
initial price caps applied to telecom companies in the U.S. by the Federal Communications 
Commission. In electricity, this approach has been rejected largely because of the diversity 
in the capital stock, much of which is several decades old, and the associated difficulties of 
coming up with accurate total productivity measures.  The application of price caps in 
England and Wales and other countries in Europe that have adopted this mechanism, 
benchmark a firm’s performance against industry specific “best practice” (production 
frontier analysis using data for other firms in the industry). 

Thus, the implementation of price cap mechanisms is more complicated and their 
efficiency properties more difficult to evaluate than is often implied and places a 
significant information collection, auditing and analysis burden on regulators. This is 
precisely the source of the skepticism about formal incentive mechanisms expressed in 
Volume II of The Economics of Regulation. In practice, modern applications of incentive 
regulation concepts involve the application of elements of traditional cost of service 
regulation, yardstick regulation, and high-powered “fixed price” incentives. 

The challenge of forecasting future investment needs and costs for electricity network 
firms has historically been a rather contentious process, sometimes yielding significant 
differences between what the regulated firm’s claim they need and what the regulator 
claims they need to meet their legal responsibilities to provide safe and reliable service 
efficiently. There is clearly a very serious asymmetric information problem here. In the 
2004 review of electricity distribution prices in the UK, the regulator adopted an 
innovative “menu” of sliding scale mechanisms approach to resolve the asymmetric 
information problem faced by the regulator as she tries to deal with differences between 
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the firms’ claims and the regulator’s consultants’ claims (OFGEM, 2004b) about future 
capital investment requirements to meet reliability targets.  The sliding scale menu allows 
firms to choose between getting a lower capital expenditure allowance but a higher 
powered incentive (and a higher expected return on investment) that allows them to retain 
more of the cost reduction if they can beat the target expenditure levels or a higher capital 
expenditure allowance combined with a lower powered sliding scale mechanism and lower 
expected return. (OFGEM, 2004b). This is an application of Laffont and Tirole’s menu of 
cost-contingent contracts mechanism and provides a more effective way to deal with the 
imperfect and asymmetric information conditions and associated adverse selection 
problems than the traditional approach of offering a single regulatory contract. 

An example of the use of a profit-sharing or cost-contingent form of incentive 
regulatory mechanism can be found in the incentive mechanism that has been applied to 
the costs of the transmission system operator (SO) in England and Wales (which is also the 
transmission owner (TO), though there are separate regulatory mechanisms for SO and TO 
functions). Each year forward targets are established for the costs of system balancing 
services and system losses (OFGEM, 2005). A sharing or sliding scale formula is specified 
which places the TO at risk for a fraction (for example 30%) of deviations from this 
benchmark (up or down) with caps on profits and losses. There is also a cap and a floor. In 
recent years the SO was given a menu of three alternative incentive arrangements with 
different sharing fractions and different caps and floors (with costs of service as a default) 
from which to choose. If the SO were to choose the cost-of-service default it would suggest 
that in constructing the menu, the regulator had underestimated the range of the SO’s 
future cost realizations. 

4 Service quality incentives 

As noted earlier, any incentive regulation mechanism that provides incentives only for cost 
reduction also potentially creates incentives to reduce service quality when service quality 
and costs are positively related to one another. The higher powered are the incentives to 
reduce costs, the greater the incentive to reduce quality when cost and quality are 
correlated. Accordingly, price cap mechanisms are increasingly accompanied by a set 
performance standards and associated penalties and rewards for the regulated firm for 
falling above or below these performance norms. Similar mechanisms are used by several 
U.S. states and in other countries that have liberalized their electricity sectors (for example, 
New Zealand, Netherlands, and Argentina). 

In the UK, the regulator (OFGEM) has developed several incentive mechanisms 
targeted at various dimensions of distribution network service quality (OFGEM, 2004b, 
2004c). OFGEM uses statistical and engineering benchmarking studies and forecasts of 
planned maintenance outages to develop targets for the number of customer outages and 
the average number of minutes per outage for each distribution company.   

Until recently in the UK, there was no formal incentive mechanism that applied to 
transmission system reliability – network failures that lead to administrative customer 
outages or “unsupplied energy”. In 2005, a new incentive mechanism that focuses on the 
reliability of the transmission network as measured by the quantity of “unsupplied energy” 
resulting from transmission network outages went into effect (OFGEM, 2004d). NGC is 
assessed penalties or received rewards when outages fall outside of a “deadband” of +/- 5% 
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defined by the distribution of historical outage experience (and with potential adjustments 
for extreme weather events), using a sliding scale with a cap and a floor on the revenue 
impact.  

5 Performance attributes 

The information burden to implement incentive regulation mechanisms well is certainly no 
less than for traditional cost of service regulation. Incentive regulation in practice requires 
a good accounting system for capital and operating costs, cost reporting protocols, data 
collection and reporting requirements for dimensions of performance other than costs. 
Capital cost accounting rules are necessary, a rate base for capital must still be defined, 
depreciation rates specified, and an allowed rate of return on capital determined. 
Comprehensive “rate cases” or “price reviews” are still required to implement “simple” 
price cap mechanisms. Planning processes for determining needed capital additions are an 
important part of the process of setting total allowed revenues and associated prices going 
forward. Performance benchmarks must be defined and the power of the relevant incentive 
mechanisms determined. What distinguishes incentive regulation in practice from 
traditional cost of service regulation is that this information is used more effectively 
because it can rely on advances in incentive regulation theory to organize and apply it. 
Whether the extra effort is worth it depends on whether the performance improvements 
justify the additional effort.  

Unfortunately, there are been relatively little systematic analysis of the effects of the 
application of incentive regulation mechanisms on the performance of electric distribution 
and transmission companies.7 Improvements in labor productivity and service quality have 
been documented for electric distribution systems in England and Wales, Argentina, Chile, 
Brazil, Peru, New Zealand and other countries (Newbery and Pollitt, 1997; Rudnick and 
Zolezzi, 2001; Bacon and Besant-Jones, 2001; Estache and Rodriguez-Pardina, 1998; and 
Pollitt, 2004). However, most of these studies have focused on developing countries where 
the pre-reform levels of performance were especially poor prior to restructuring. Moreover, 
it is difficult to disentangle the effects of privatization, restructuring and incentive 
regulation from one another.  

The most comprehensive study of the post reform performance of the regional 
electricity distribution companies in the UK (distribution and supply functions) has been 
done by Domah and Pollitt (2001). They find significant overall increases in productivity 
over the period 1990 to 2000 and lower real “controllable” distribution costs compared to a 
number of benchmarks. However, controllable costs and overall prices first rose in the 
early years of the reforms before falling dramatically after 1995.  Moreover, the first 
application of price cap mechanisms to the distribution networks in 1990 was too generous 
(average of RPI+ 2.5%) and a lot of rent was initially left on the table for the RECs’ initial 
owners (who cleverly soon sold out to foreign buyers). Distribution service quality in the 
UK, at least as measured by supply interruptions per 100 customers and average minutes of 
service lost per customer, has improved as well since the restructuring and privatization 
initiative in 1990. This suggests that incentive regulation has not led, as some had feared, 
                                                 
7 There is a much more extensive body of empirical work that examines the effects of incentive regulation 
mechanisms, primarily price caps, on the performance of telecommunications firms. Examples are Ai and 
Sappington (2004), Sappington (2003), Ai, Martinez and Sappington (2005). 
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to deterioration in these dimensions of service quality. This is likely to have been the case 
because quality standards and associated mechanisms were included in the portfolio of 
incentive regulation mechanisms adopted in the UK. 

The experience with the transmission system operator (SO) incentive mechanism in 
England and Wales also provides a good example of how incentive regulation can improve 
performance. During the first few years following the restructuring of the electricity sector 
in England and Wales in 1990, the SO recovered the costs of system balancing, including 
managing congestion and other network constraints, through a simple cost pass-through 
mechanism. The SO’s costs escalated rapidly, growing from about $75 million per year in 
1990/91 to almost $400 million per year in 1993/94. After the introduction of the SO 
incentive scheme in 1994, these costs fell to about $25 million in 1999/2000. OFGEM 
estimates that NGC’s system operating costs fell by about £400 million ($600 million at 
current exchange rates) between 1994 and 2001. A new SO incentive scheme was 
introduced when NETA went into operation in early 2001. The SO’s costs have fallen by 
nearly 20% over the three year period since the new scheme was introduced (OFGEM, 
2003).  

While the empirical evidence on the effects incentive regulation mechanisms applied to 
electric distribution and transmission system in practice is still limited, the experience so 
far is very encouraging.  

6 Conclusion 

As we look back at developments in the theory and practice of regulating firms that have 
been given de facto monopoly franchises since the publication of The Economics of 
Regulation in 1970 and 1971, we can come to a number of conclusions. First, the overall 
economic importance of getting the theory and application of “natural monopoly” 
regulation right has become less important over time since a smaller fraction of the 
economy is subject to these types of economic regulation as competition has replaced 
regulated monopoly in so many industries. Moreover, even in those industries where price, 
entry and service quality regulation continues, it is typically being applied to a smaller 
number of truly natural monopoly network segments of those industries as competition has 
been introduced into other horizontal segments that rely on the regulated network platform. 
The basic theory of efficient pricing (first and second best) under the assumption that the 
regulator is fully informed has not changed very much over the years, except perhaps for a 
better understanding of the properties of non-linear pricing for regulated firms subject to 
budget constraints. The major advances in the theory and practice of regulation have relied 
on formalizing the information structure that characterizes the real world. Regulators are 
imperfectly informed, regulated firms have better information about the cost and demand 
attributes they face, and regulated firms will use this information advantage to their 
benefit. This situation leads to adverse selection and moral hazard problems that have been 
incorporated into the modern theory of incentive regulation. While applying this theory in 
practice must confront numerous empirical challenges, the available evidence from their 
application to electricity distribution and transmission systems suggests that they can help 
to resolve what Kahn called “the central institutional question” that confronts economic 
regulation. 
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