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Abstract 
Electricity industries are experiencing upward cost pressures in many parts of the 

world. This paper focuses on productivity trends in electricity distribution. We 

apply two methodologies for estimating productivity growth – an index based 

approach, and an econometric cost based approach – to our data on the 73 

Ontario distributors for the period 2002 to 2012. The resulting productivity 

growth estimates are approximately ‐1% per year, suggesting a reversal of the 

positive estimates that have generally been reported in previous periods. We 

implement flexible semi-parametric variants to assess the robustness of these 

conclusions and discuss the use of such statistical analyses for calibrating 

productivity and relative efficiencies within a price-cap framework. 
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1 Introduction 

The measurement of growth in industry total factor productivity (TFP) has been studied 

extensively and applied widely. Broadly speaking, there are two methodologies for its 

estimation. The first is the index approach, which is motivated by a simple, intuitively 

appealing idea: it compares the rate of growth of outputs to the rate of growth of inputs. The 

second is the econometric, which attempts to determine the sources and drivers of productivity 

growth, and adjust for factors that may differ across observational units. Usually, the most 

important productivity drivers are technological change and scale effects.  

Properly implemented with suitable data, the two approaches should lead to similar results. 

Wide differences require reconciliation. The two approaches are related as follows: the difference 

between output and input growth should be approximately equal to the combined effects of 

technology and scale. That is, 

          –    . Productivity Growth Output Growth Input Growth Technology Effects Scale Effects   (1) 

Data, assembled on a consistent basis for statistically meaningful collections of distribution 

utilities, are not widely available. In many jurisdictions, there are too few distributors; and, 

distribution often resides within a vertically integrated utility, which complicates data 

extraction. Cross-jurisdictional comparisons suffer from definitional ambiguities and differences 

in accounting standards, regulatory filing requirements, and activities that distributors are 

required to undertake. In a few instances, among them Norway, Switzerland and Germany, 

distributor data are suitable for cogent statistical analyses, but these are in the minority.  

This paper examines data for Ontario, Canada where there are over 70 electricity distributors of 

widely varying sizes, regulated by a single entity -- the Ontario Energy Board (OEB), which 

specifies relatively uniform accounting standards and uses distributor data to inform and 

calibrate its regulatory rules. The distributors have participated in several generations of 

incentive regulation, and have contributed to continued refinement of the data, which, albeit 
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imperfect, are of generally high quality.  

The main purpose of this paper is to estimate ‘productivity growth’ in electricity distribution 

using these data, with a particular view to their use in regulation.  The Ontario regulator uses a 

price-cap formula with a common productivity factor and distributor-specific ‘stretch factors’ 

which are intended to reflect efficiency differences amongst companies. As a by-product of the 

statistical analyses conducted here, we will also be able to comment on the potential for 

improvements through scale economies in this industry. 

A seminal paper in the econometric analysis of the cost structure of the electricity industry is 

Christensen and Greene (1976). They use Zellner's (1962) Seemingly Unrelated Regressions 

model and a transcendental logarithmic specification for the cost function to study economies of 

scale in electric power generation. Since then, there have been numerous studies on the cost 

structure and productivity of electric power utilities, as well as on the cost structure of 

electricity transmission and distribution.
1
  

A separate, though related literature, uses cost function estimation to calibrate a productivity 

index in order to gauge productivity trends in electricity distribution. Here, at least three 

different approaches have been used in the literature to measure productivity, including total 

factor productivity (TFP) indices, data envelopment analysis (DEA), and stochastic frontiers 

analysis (SFA).2 The first of these methods provides a measure of aggregate productivity change 

under the assumption that all firms are technically efficient. The latter two methods do not 

assume that all firms are technically efficient, and thus can provide estimates of the relative 

                                                             
1
 These include: Meyer (1975), Neuberg (1977), Nelson and Primeaux (1988) and Kwoka (2005) on the 

US,  Hjalmarsson and Veiderpass (1992) on Sweden, Giles and Wyatt (1993) on New Zealand, Burns and 

Weyman-Jones (1996) on England and Wales, Filippini (1996, 1998) and Farsi and Filippini (2009) on 

Switzerland, Salvanes and Tjotta (1998) on Norway, Yatchew (2000) on Ontario, Canada, and Farsi et al. 

(2010) on France. 

2
 Indeed, many studies have used multiple approaches in their analyses. See, for example, the surveys by 

Jamasb and Pollitt (2000), Shoo, Ang, and Poh (2008), and the references therein. 
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inefficiency among firms3. 

Similar to the approach we adopt in this paper, a number of studies employ an index approach 

based on a duality decomposition of total factor productivity to into its underlying cost drivers, 

as proposed by Denny, Fuss, and Waverman (1981). Scully (1998) estimates the cost structure 

of electricity distributors in New Zealand, and then uses both a pure index approach, via a 

Tornqvist total factor productivity index, as well as the Denny et al. (1981) decomposition to 

measure the productivity trend over the period 1982 to 1994. See and Coelli (2009) use a 

Tornqvist index to study the productivity growth in Malaysian electricity distribution between 

1975 and 2005. Goto and Suyoshi (2009) use the duality decomposition of total factor 

productivity to study the Japanese electricity distribution industry from 1983 to 2003.  Arcos 

and de Toledo (2009) take a similar approach in their study of the Spanish electricity utilities 

and distributors during the period 1987 to 1997. 

We apply two methodologies for estimating productivity growth – a Tornqvist total factor 

productivity index, and a Denny, Fuss and Waverman (1981) econometric decomposition – to 

data on the Ontario electricity distribution sector for the period 2002 to 2012. Our empirical 

strategy is to specify a partial linear index model for the cost function of an electricity 

distributor, with the effect of outputs entering through a nonparametric scale function. The 

resulting cost function estimates are used to calibrate our productivity indices, and compute 

relative efficiencies amongst firms. While the vast majority of previous studies have found 

                                                             

3
 DEA and SFA models are used most frequently in the analysis of electricity distributors. Studies 

employing DEA include Weyman-Jones (1991) on England and Wales from 1986-1987,  Giannakis et al. 

(2005) on the UK from 1991-1992 and 1998-1999,  Yu et al. (2007) on  the UK between 1990 and 2004,   

Hjalmarsson and Veiderpass (1992) on Sweden from 1970 to 1986, Bagdadioglu et al. (1996) on Turkey in 

1991,  Forsund and Kittelsen (1998) on Norway from 1983 and 1989, Resende (2002) on Brazil from 1997-

1998,  Ramos-Real et al. (2009) on Brazil from 1998 to 2005, Pahwa et al. (2003) on the U.S. in 1997,  

Jamasb et al. (2004) on the U.S.in 2000,  and Abbot (2006) on Australia's from 1969 to 1999. Studies 

employing both DEA and SFA include Burns and Weyman-Jones (1996) on England and Wales from 

1980 to 1993, Scarsi (1999) on Italy from 1994 to 1996, Mota (2004) on Brazil and the US in 1994 and 

2000, and Hattori et al. (2005) on the U.K. and Japan from 1985 and 1998. 
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evidence of both scale economies, and productivity growth, our data support the conclusion of 

constant returns to scale for much of the industry, and negative productivity growth, perhaps as 

a result of market changes in the Ontario electricity distribution sector. 

The organization of the remainder of the paper is as follows. Section 2.1 outlines the current 

policy setting in the Ontario electricity distribution sector, and delineates the recent changes in 

the industry's policy environment. Section 2.2 describes in detail how the data for this study 

were constructed. In Section 3, we introduce the empirical model, and discuss our estimation 

strategy. Section 4 then presents the resulting cost function estimates. In Section 5, we analyze 

the productivity trend in the Ontario electricity distribution sector, and in Section 6, we 

comment on the regulatory implications of these estimates. Section 7 concludes. 

2 The Ontario Electricity Distribution Industry 

2.1 Industry Background 

At the beginning of the 1990’s, the Ontario electricity industry was dominated by the iconic 

Ontario Hydro, which owned and operated almost all generation, transmission and rural 

distribution.  Municipal electricity distribution was provided by over 300 electricity distributors 

ranging in size from a few hundred customers to over 200,000. The worldwide trend towards 

deregulation, marketization and privatization that had begun in the 1980’s eventually reached 

electricity industries. By the late 1990's, there was a concerted effort in Ontario to move the 

industry towards a more competitive model, initially by separating monopoly and non-monopoly 

segments of the industry. Ontario Hydro was broken up into several descendant companies, 

among them, Ontario Power Generation, which inherited the lion’s share of the generation 

assets, Hydro One, which inherited the transmission and (mostly) rural distribution assets, and 

the Independent Electricity System Operator. Municipal distributors were also required to 

separate their wires businesses from other activities.  

Consistent with the broader deregulatory trends, the OEB decided to move towards an 
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incentive-based approach to regulation. If regulation was to be necessary, it should be conducted 

in a less, rather than more intrusive fashion.  Incentives were also put in place to promote 

consolidation of the electricity distribution sector, and the number of municipal distributors 

began to drop dramatically.  

However, Ontario’s effort in 2002 to establish a competitive model for generation stalled when 

prices rose, and in 2003, the Ontario Provincial Government began to shift to a more centralized 

model in which the Ministry of Energy and Provincial agencies, such as the Ontario Power 

Authority, began to play an increasingly active role in securing long-term supply.  

In 2009, the Provincial Government passed the Green Energy and Green Economy Act, the 

central purpose of which was to promote renewable electricity production, conservation and 

demand management programs, and smart grid technologies. The Act enabled the development 

of feed-in-tariff programs for renewable energy and required distribution and transmission 

entities to connect such facilities. Distributors were also permitted to own small-scale renewable 

energy generating facilities. The Act introduced new objectives for the OEB, including the 

promotion of renewable energy, conservation and demand management, and smart grid 

technologies. It also required distributors to achieve conservation and demand management 

targets, as set by the OEB. Notably, the Act provided for more active Government involvement 

in the management of the electricity sector through Ministerial directives, which the 

Government has actively used. 

 

Figure 1: Timeline of Major Policy and Legislative Changes in Ontario Electricity Distribution. 
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By 2014, the number of electricity distributors dropped to about 75, ranging in size from just 

over one thousand customers, to over one million. Together these distributors provide service to 

over 4.8 million customers. The ten largest distributors together serve over 70% of Ontario 

customers. 

2.2 Data 

The data for this study consist of a balanced panel of 73 Ontario electricity distributors, with 

annual observations spanning the years 2002 to 2012. The OEB commissioned an external 

consultant, the Pacific Economics Group, to collect and develop the data in cooperation with 

distributors and Board staff. This was part of a systematic effort by the Board over the course 

of number of years. Arguably, the most challenging part was the development of meaningful 

capital price and quantity data and indices. 

In the analysis that follows, we rely on three output variables -- the number of customers 

served, the total energy delivered, and system capacity. Capital related costs consist primarily of 

interest and depreciation. Operation, maintenance and administrative (OM&A) costs are 

comprised largely of the costs of labor, as well as materials. The model also incorporates certain 

key ‘business conditions’ to control for the varying circumstances and environments facing 

individual distributors. A descriptive summary of the variables included in this study is 

provided in Table 1. 

The capital input price index (WK) is constructed from a weighted average of the current and 

the lagged value of industry capital asset price indexes, with the weights being the rate of 

depreciation and the rate of return on capital, respectively. OM&A input prices (WOMA) are 

measured using an OM&A price index, constructed from a weighted average of a 'Labor Price 

Index' and a 'Non-Labor OM&A Price Index'.4  

                                                             
4
 Generic, off-the-shelf price indices were used for both the labor and non-labor components of the OM&A 

price index. Specifically, Statistics Canada's Average Weekly Earnings for all workers in Ontario was used 

for the labor price component, and the Ontario Gross Domestic Product Implicit Price Index for Final 
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Table 1: Descriptive Statistics for Econometric Variables 

  Sample Mean St. Deviation M inimum Maximum 

Total Cost (TC) in millions of dollars $40.534 $137.574 $0.227 $1,261.193 

Capital Cost-Share (SK) 53.73% 11.19% 13.15% 76.96% 

OM&A Cost-Share (SOMA) 46.27% 11.19% 23.04% 86.85% 

Capital Input Price (WK) $17.39 $0.57 $16.74 $18.33 

OM&A Input Price (WOMA) $106.88 $11.97 $77.33 $135.92 

Capital Input Quantity (K) 1,454,100 4,889,742 5,495 40,815,075 

OM&A Input Quantity (OMA) 133,712 452,356 1,600 4,284,333 

Number of Customers (N) 63,344 162,116 1,119 1,221,411 

Deliveries (D) in GWh 1,629 4,102 20 26,372 

Capacity (C) in MW 345 818 6 5,018 

Distribution Line Length (L) in km 2,718 13,913 21 119,500 

Service Territory Area (A) in sq. km 9,336 75,568 2 650,000 

Undergrounding (UG) 28.17% 17.90% 0.00% 73.31% 

Cost Share of CIAC (CIAC) 4.37% 6.19% -13.26% 72.09% 

Cost Share of LV-HV (LVHV) 0.30% 2.40% -3.91% 33.84% 

Number of Firms in Sample:  73 Electricity Distributors. Sampling Frequency: Annually between 2002 

and 2012. Number of Observations: 803. 

Data on costs were gathered from individual distributor ‘trial balance reports’, filed annually by 

distributors with the OEB as part of the Reporting and Record-Keeping Requirements (RRR). 

Total Costs (TC) are defined as the sum of capital costs and OM&A expenses. OM&A costs are 

computed as the sum of various categories of operations, maintenance and administrative 

expenses (OMA). Capital costs are estimated as the product of the capital service price index 

and an index of the capital quantity (K) at the end of the prior year. Measuring the quantity of 

capital begins with a benchmark capital stock. A perpetual inventory equation is then used to 

compute subsequent capital quantities after the benchmark year. 

After consultation with industry stakeholders and OEB staff, several adjustments were made to 

the cost measures. First, bad debt expenses were excluded from OM&A costs, and Canadian 

Federal and Ontario capital and income taxes were excluded from capital costs.  

                                                                                                                                                                                                    
Domestic Demand (GDP-IPI-FDD) was used for the non-labor component. The weights were determined 

by the historical share of labor and non-labor OM&A expenses in the Ontario electricity distribution 

industry. 
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Costs corresponding to Capital in Aid of Construction (CIAC) were also excluded from the 

measure of capital costs. CIAC may include an amount of money or other property contributed 

by a third party to a distributor for an electricity distribution facility, or by an electricity 

distributor to a third party, subject to a contingent obligation to repay the amount, in whole or 

in part, to the contributor. CIAC has the effect of increasing a distributor's capital additions, 

but CIAC payments are not part of a distributor’s rate base. Since the primary purpose for 

constructing the data was to support a regulatory rate-setting proceeding, and since CIAC 

payments are outside of the Ontario Energy Board's rate adjustment formula, it was decided 

that these costs should be excluded from the data. 

Two adjustments were made to OM&A expenses. First, expenses associated with High-Voltage 

(HV) transformation services were included in the measure of OM&A cost. This was to ensure 

that distributors that own HV equipment would not appear to be less efficient simply because 

the transformation from higher to lower voltages is performed within the distributor. Second, 

Low Voltage (LV) costs were excluded from OM&A costs, as these are costs incurred for the 

benefit of someone else. In particular, LV costs represent charges for low voltage services 

provided by ‘host’ distributors to other distributors embedded within their systems for the 

transformation from standard transmission voltage to lower transmission voltage, when one or 

more of distributor's delivery points are making use of a low voltage distribution station.  

Supplemental to distributor trial balances of the RRR are the Performance Based Regulation 

(PBR) reports. The PBR data provide information on plant values as well as plant additions. 

The PBR data also include information on output, revenue, and utility characteristics. Data on 

billed kWh, revenue, and the number of customers served are available for nine customer 

classes: residential, general service less than 50 kW, general service greater than 50 kW, large 

users, sub-transmission customers, embedded distributors, street lighting, sentinel lighting, and 

unmetered scattered load. 

A distributor's annual number of subscribed customers (N) is constructed from the sum of 

observed number of customers across all customer categories, minus street lighting, sentinel 
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lighting, and unmetered customers. Likewise, the quantity of electricity delivered (D) is 

constructed from the sum of billed kWh deliveries across these customer classes. A distributor's 

capacity (C) is computed from its historic coincident peak. 

In addition to output quantities and input prices, electricity distributors confront other 

‘business conditions’ due to their differing circumstances. Unlike firms in a conventional market 

setting, electricity distributors are obligated to provide service to all customers within their 

licensed service territory. Furthermore, distribution services are delivered to a variety of 

different consumer settings, be it residential, commercial or industrial, and thus a distributor's 

costs will be sensitive to the characteristics of the territory in which the distributor provides 

electricity services. 

One important factor affecting a distributor's cost is customer location, and in particular, the 

spatial distribution of consumers. The location of customers throughout a distributor's licensed 

territory directly affects the assets that the distributor must put in place to provide service. The 

spatial distribution of customers can be proxied by the total circuit distribution line length (LL) 

measured in kilometers,
5
 and the area of service territory served (A), measured in square 

kilometers. We normalize line length by the number of customers served, so the right hand side 

variable is line length per customer (in logarithmic form).  

Distribution costs can be sensitive to the physical environment of the service territory. The cost 

of constructing, operating and maintaining a network will depend on the terrain over which the 

network extends, and efforts have been made to explicitly incorporate climatic or weather type 

variables. Some utilities have significant portions of their wires underground. This is particularly 

true for younger utilities with relatively recent residential developments. High-density business 

districts also rely on undergrounding. For example, operating costs can be influenced by the 

degree of urbanization and urban density, the type and density of vegetation in the territory, 

                                                             
5
 We use the average km line over the sample period, rather than each distributor's reported time series 

of km, because of anomalous trends in circuit km data for some distributors. 
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and other weather variables. We therefore include the percentage of circuit line that is 

underground (UG) as a business condition variable. 

Considerable effort was expended during the data construction process to assess which charges 

should be included, and which should be excluded, in order to provide for an accurate 

comparison of costs across distributors. Nevertheless, questions remain about which low-voltage 

and high-voltage charges should remain in the cost data. Furthermore, costs incurred by a 

distributor are affected by the magnitude of capital contributions in aid of construction. 

For example, the inclusion of gross capital expenditures (including CIAC) in the measure of 

total costs could disadvantage distributors that have experienced proportionately more capital 

spending related to system expansions and road relocations, if such expenditures are uneconomic 

but mandatory. With regards to low voltage costs, the current methodology assigns LV line 

costs to embedded distributors while HV charges are assigned to the distributor of use, but no 

corresponding adjustments are made to the business conditions driving these costs (such as 

circuit length of host facilities). Furthermore, in some cases, host LV line assets are located 

outside the service area of the embedded distributor without a corresponding business condition 

adjustment. 

One of the methods for dealing with such variables is to include them as regressor variables, the 

impacts of which are estimated by the model. For this reason, we include the percent of a 

distributor’s total costs accounted for by capital in aid of construction (CIAC), and the percent 

of a distributor's total cost accounted for by net LV-HC costs (LVHV), as two additional 

business conditions in our model. If the treatment of these variables in the construction of costs 

has been successful in purging their effects, then they should not be significant as explanatory 

variables. Otherwise, their incorporation contributes to a better calibration of the cost model. 

Lastly, and perhaps most importantly in a productivity analysis, we include a time trend 

component in our model. We consider a nonparametric specification for the trend variable, 

which allows us to capture the temporal profile of productivity changes.   
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3 Model Specifications 

3.1 Baseline Parametric Model 

For our baseline cost model, we use a translog specification with a residual structure that takes 

into account the panel nature of the data. The translog form is attractive because it places no a 

priori restrictions on substitution patterns, and encompasses simpler functional forms as special 

cases. Further, "well-behavedness" of costs can be imposed through parametric restrictions.  

For distributor  1,...,73i  at time  1,...,11t  the total cost function is given by 
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where ittc  is the logarithm of total costs normalized by the OM&A price index; the three 

outputs 1,q  2q  and 3q  are the number of customers, system peak and retail deliveries, all in log 

form; wk  is the logarithm of the ratio of capital price index to the OM&A price index; ,p itz  are 

business condition variables for  1,...,p P ; t  is time trend; and the composite error i itu  

consists of a time-invariant firm-specific effect combined with a transitory effect.  

The translog specification requires the approximation of the underlying cost function to be made 

at a local point, which in our case is taken to be the vector of means of the variables. That is, 

right-hand-side variables are mean-normalized, thus centering our cost function at the notional 

‘average firm’. This is important, as one generally expects approximations to deteriorate as one 

moves further away from the point of expansion. Moreover, it allows us to interpret the 

coefficients of the ‘first order’ terms of the input variables, as well as the coefficients of business 

conditions, as elasticities for this ‘average firm’. 

While estimation of the parameters is possible via equation (2), this approach does not utilize 

all available information. A more efficient estimator may be obtained by augmenting the total 

cost equation with the capital share equation implied by Shephard's Lemma 
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where the composite error of each share equation again consists of a time-invariant firm-specific 

effect combined with a transitory effect. Since factor shares sum to one, the OM&A share is 

redundant and therefore excluded.  

Equations (2) and (3) comprise a multivariate regression model. We specify an error components 

model for the composite error terms in (2) and (3).
6
 Fix distributor i and consider the structure 

of second order moments of the errors. Define  2( )i uvar u ,   2( )itvar ,   2( )i vvar , 

  2( )itvar , and assume these errors are everywhere independent except for the inter-equation 

firm specific effect, that is, ( , ) uvi ivcov u  and   ( , )it itcov .7 Formally, the common 

2 2T T  covariance matrix i  for the composite error terms of each distributor is 
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6
 We perform a Hausman test to assess the reasonableness of our assumptions on the error covariance 

structure. Under he null hypothesis of this test, our 'random effects' estimator is consistent, and thus 

preferred due to higher efficiency, while under the alternative hypothesis, random effects is bias, but a 

fixed effects estimator is at least consistent (and thus preferred). The p-value from this test is 0.2077, and 

thus we find little evidence to suggest that our model is not valid. 

7
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We use iterated Feasible Generalized Least Squares (FGLS) to estimate our model. Equations 

(2) and (3) are first jointly estimated using ordinary least squares while imposing the cross-

equation constraints on common parameters. The residuals are then used to compute the 

associated second-order moments, and an estimate of the covariance matrix in (5). This 

estimated covariance matrix is next inserted into the Generalized Least Squares (GLS) 

estimator of the multivariate regression model. Iterating this process until convergence results in 

an asymptotically efficient estimate of the model's parameters. 

3.2 Partial Linear Index Model 

Previous research, e.g., Yatchew (2000), suggests that polynomial modeling of (log) output 

effects may not be sufficiently rich to capture scale nonlinearities.  The partial linear index 

model provides a more flexible approach: 
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In this case, the effect of output levels on costs is modeled through a nonparametric ‘scale’ 

function (),g  which itself is a function of a linear combination of outputs. The translog 

specification can be nested within the partially linear index model, where g  is quadratic in the 

linear index and the translog coefficients satisfy additional restrictions. 

We assume little about the function () g beyond smoothness. We maintain the same 

assumptions on the residual structure as before. Thus, Equation (6) is a translog cost function, 

with the effect of outputs entering both semi-parametrically though ()g  and parametrically 

through the interaction terms with the normalized input price of capital itwk . In particular, note 

that the cost-share equation in (3) remains the same as before. 

The cost model in (6) can be written in the form   ( )tc g Q x e , where   j jj
qQ ; the 

vector x  is composed of the capital input price, the interaction terms between outputs and the 

capital input price, the business conditions, and the time trend, which all enter parametrically; 
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and the vector   is composed of the various linear parameters of the model. These parameters 

can be estimated at parametric rates, despite the presence of the nonparametric function ()g , 

using Robinson's (1988) ‘Double Residual’ estimator. Assume   j jj
qQ is a known index 

function. Conditioning on the variable Q , we can rewrite the cost total model from (6) as 

         E[ | ]  ( ) E[ | ]   E[ | ]it it it it it it it it it ittc tc Q tc g Q x Q x x Q e    (6) 

where te  is the composite error term of the total cost equation.  

If the conditional expectations in (7) were known, then standard estimation techniques can be 

used to estimate the parameters of the model. Of course, the regression functions E[ | ]it ittc Q  and 

E[ | ]it itx Q  are not even known to have particular parametric forms. However, replacing the 

conditional expectation functions in (7) with Nadaraya (1964) and Watson (1964) estimators of 

( ) E[ | ]it it itr Q tc Q  and ( )its Q  E[ | ]it itx Q  will not affect the asymptotic properties of the 

standard estimator applied to (7). Further, this ‘Double Residual’ method does not affect the 

covariance structure of the underlying model. 

We extend our FGLS estimator from Section 3.1 to incorporate the Robinson ‘Double Residual’ 

estimator as follows. We first obtain nonparametic estimates of the conditional expectation 

functions ( ) E[ | ]it it itr Q tc Q  and ( ) E[ | ]it it its Q x Q . Subtracting ( )itr Q  from the left-hand-side, 

and ( )its Q  from the right-hand-side, of (7) allows us to net out the nonparametric effect of itQ  

from the cost equation, resulting in multivariate regression model of the form 

 

 



   

 

( ) ( )it it it it it
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  (7) 

where itf  is the composite error from the capital-share equation, and R  is matrix that selects 
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the variables from itx  which appear in the capital-share equation.8 The covariance structure of 

the disturbances in the system of equations in (8) takes the same form as before. 

Thus, the equations in (8) are next jointly estimated using Ordinary Least Squares (OLS), while 

imposing cross-equation constraints on the common parameters. The resulting residuals are then 

used to compute the associated second-order moments, and an estimate of the covariance matrix 

from (5). This estimated covariance matrix is finally inserted into the GLS estimator of the 

multivariate regression model, resulting in a Feasible GLS estimator of the parametric effects  . 

Iterating this process until convergence results in the asymptotically efficient estimates of the 

model's linear parameters. Finally, after obtaining the estimates of the linear parameters, an 

estimate of the nonparametric function ()g  can be obtained from the total cost equation. 

Specifically, applying a smoother to the equation 

 ( )it it it ittc x g Q e    (8) 

we can obtain a consistent estimator of ( )itg Q at each point itQ . 

The challenge we face is that the conditioning variable Q  is a linear index constructed from a 

set of unknown parameters. Our estimation strategy for this index, and its parameters, is based 

on an extension of the method proposed by Ichimura (1993) and Klein and Spady (1993) to the 

case of a multivariate regression model. We proceed as follows. For fixed ,  calculate the value 

of the linear index   j jj
qQ . Let S  be a nonparametric smoother that regresses onto itQ , and 

apply the Robinson ‘Double Residual’ method to the total cost function in (6) 

         (1 ) (1 ) (1 ) (1 ) .it it it itS tc S g Q S x S e   (9) 

If the selected   is close to its true value  0,  then   (1 ) 0
j jj
qS g . Obtain an estimate of 

 , call it  , by using a similar estimator to that described when Q  is known from the system 

                                                             
8
 Formally, if 1' ( ,..., )'nx x x , then R  is an n n  matrix with an entry of 1 in cell ( , )i i  if ix  appears in 

the capital-share equation, and 0 otherwise. 
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of equations in (8), with the total cost equation replaced by (10). For the given value of ,  

define Y  as the vector of stacked left hand side variables from this system of equations, and 

define X  as the matrix of stacked right hand side variables. By a grid search, choose the value 

  that solves 

         1min ( X )' ( X )Y Y   (10) 

A consistent estimator of  is then 


  ˆ
ˆ ˆ .  

4 Cost Model Estimates 

Estimates of the parametric components of the various empirical specifications are presented in 

Table 2. The estimated coefficients of input prices, business conditions and the ‘first order’ 

terms of the output variables (where applicable) can be interpreted as cost elasticities for the 

‘average’ distributor in the sample. 

4.1 Baseline Parametric Specification 

The first column of Table 2 presents the parameter estimates for our baseline parametric 

specification. The estimate on the (relative) capital input price, lnWK, implies that a 10% 

increase in the price of capital will result in approximately a 6% increase in the costs of a 

typical distributor. Since OM&A costs constitute the other major component of total costs, this 

implies that a 10% increase in the price of OM&A will result in approximately a 4% increase in 

total costs. 

The estimates on the output variables are all of the expected sign and statistically significant. 

Number of customers is found to be the dominant output-related cost driver, followed by 

capacity, then deliveries. By adding the coefficients of the output variables together, we obtain 

the implied scale elasticity for the average firm of 1.0409. That is, for the 'average firm' if 

output increases by 10%, costs will increase by approximately 10.4%, suggesting the presence of 
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diseconomies of scale. 

Amongst all standard ‘business condition’ control variables, only total circuit distribution lines 

(lnL) and the percent of undergrounding (UG) are found to be statistically significant. The 

former reflects the density of the customer base. Accordingly, a 10% increase in total circuit 

distribution line raises distribution cost by 3.8%. Thus, as expected, distributors facing a less 

densely populated service territory should, on average, incur higher costs in electricity 

distribution, all else equal. 

Undergrounding reflects distributor efforts to shield distribution lines from weather and 

vegetation, as well as being more appealing cosmetically. Undergrounding is especially common 

in new housing developments. Our estimate of the coefficient on undergrounding implies that 

there are modest costs savings associated with undergrounding: a 10% increase in the percent of 

line underground decreases distribution costs by 0.025%. 

It is notable that both CIAC and net Low Voltage-High Voltage expenses are significant cost 

drivers in the model, even though both of these variables are not included in our definition of 

cost. Our parameter estimates imply that a 10% increase in CIAC, all else equal, will lead 

approximately to a 0.09% decrease in a distributor's total costs, suggesting that the presence of 

substantial CIAC expenditures can influence non-CIAC costs of distributors. On the other hand, 

the coefficient on LVHV implies that a 10% increase in net Low Voltage-High Voltage expenses, 

all else equal, will lead approximately to a 0.055% increase in a distributor's total costs. 

The annual dummies, which are intended to capture cost trends, are plotted in Figure 2. Our 

estimate of these effects imply that there have been significant upward cost pressures in the 

distribution industry between 2002 and 2012, on average about 1.3% per year.  

4.2 Partial Linear Index Model 

The second column of Table 2 presents the parameter estimates for our partial linear index 

specification, where the output effects enter the model as a nonparametric function of a linear 
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index. 

Our estimates of the parameters from the linear output index indicate again that number of 

subscribers is the dominant output-related cost driver, followed by capacity and deliveries. 

Together with the derivative of the nonparametric scale function, these parameters imply that, 

for the notional ‘average’ distributor, the elasticity of cost with respect to the number of 

customers is 0.67; with respect to capacity is 0.27; and with respect to deliveries is 0.04.
9
 The 

sum of the coefficients is 0.98 and is not statistically different from 1, i.e., constant returns to 

scale. Figure 3 plots the estimated (log) total cost curve against (log) output, once the effects of 

the variables that enter the model parametrically have been removed. The lack of curvature in 

the estimated output scale function, save for a slight upward turn at higher levels of output, 

implies that for the population of firms in the sample, electricity distribution appears to show 

little in the way of decreasing or increasing returns to scale.  

The estimates, and the statistical implications of the variables that enter the cost function 

parametrically are similar those we found from our translog specification.  Again, we find that 

the elasticity of total costs with respect to the capital price to be approximately 0.6.  

With regards to our business condition variables, the estimate of the effect of total circuit line is 

now somewhat smaller, implying that a 10% increase in total circuit distribution line raises 

distribution cost by 2.7%. The estimate on undergrounding (UG) is also slightly smaller, 

although still negative; now a 10% increase in undergrounding is associated with a 0.021% 

decrease in total cost. On the other hand, the parameter on service territory is now found to be 

statistically significant. We find that a distributor with a 10% larger service territory has costs 

that are 0.4% higher. While this service territory area elasticity may seem low, one must keep in 

mind that it is calculated while holding constant the customer density variable (LL). 

                                                             
9
 Over the entire population of distributors, the distribution of the scale elasticity of customers ranges 

from 0.4609 to 0.7926, with its mean at 0.5591; the scale elasticity of capacity ranges from 0.1882 to 

0.3236, with its mean at 0.2282; and the scale elasticity of deliveries ranges from 0.0256 to 0.0440, with its 

mean at 0.0310. 
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Table 2: Cost Function Parameter Estimates 

  

Parametric 

M odel 

 

Partial Linear 

Index M odel 

Constant 12.6520 (0.0672)** 

 

-- -- 

lnN 0.7596 (0.0675)** 

 

0.6832 (0.0424)** 

lnC 0.1841 (0.0610)** 

 

0.2789 (0.0370)** 

lnD 0.0972 (0.0337)** 

 

0.0379 (0.0120)** 

lnWK 0.6014 (0.0119)** 

 

0.5933 (0.0762)** 

lnN
2
 -0.5399 (0.1963)** 

 

-- -- 

lnC
2
     0.0002 (0.1703)     

 

-- -- 

lnD
2
     0.1253 (0.0664)*   

 

-- -- 

lnN∗lnC     0.2878 (0.1641)*   

 

-- -- 

lnN∗lnD     0.1097 (0.0782)     

 

-- -- 

lnC∗lnD -0.1891 (0.0759)** 

 

-- -- 

lnWK
2
 0.2716 (0.0193)** 

 

0.2751 (0.0407)** 

lnWK∗lnN     0.0093 (0.0161)     

 

0.0314 (0.0084)** 

lnWK∗lnC     0.0228 (0.0150)     

 

0.0128 (0.0037)** 

lnWK∗lnD 0.0186 (0.0068)** 

 

     0.0017 (0.0016)            

lnLL 0.3793 (0.0474)** 

 

0.2676 (0.0248)** 

lnA    -0.0014 (0.0204)     

 

0.0423 (0.0113)** 

UG -0.0025 (0.0006)** 

 

-0.0021 (0.0007)** 

CIAC -0.0087 (0.0009)** 

 

-0.0088 (0.0014)** 

LVHV 0.0055 (0.0014)** 

 

      0.0064 (0.0036)* 

Average 

Trend 0.0131 

 

0.0117 

Standard errors in parentheses. *,** indicate statistical significance at 10% 

and 5% levels, respectively. 803 observations: 73 electricity distributors 

annually over the period 2002- 2012. For yearly estimates of the trend, see 

Figure 2. For a graph of the partial linear index function, see Figure 3. 

 

 

 

 

 

 
Figure 2: Nonparametric Trend Effects 
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Again, we find that both CIAC and net LV-HV expenditures have residual effects on total costs, 

notwithstanding the fact that these expenditures are excluded from our definition of cost. 

Similar to before, a 10% increase in CIAC is associated with a 0.09% decrease in cost, while a 

10% increase in net LV-HV expenditures is associated with a 0.064% increase in cost. 

The non-parametric trend estimates from our semi-parametric specification of the cost function 

are plotted in Figure 2. These are similar to those obtained from our parametric specification. 

Upward cost pressures average 1.2% per year.  

4.3 Scale Economies 

Scale economies describe the cost advantages, or disadvantages that firms obtain due to the 

scale of their operations. Economies of scale can be inferred if costs per unit of output decrease 

as output increases, and diseconomies of scale can be inferred if costs per unit of output increase 

when output increases. In our semi-parametric specification of the cost function, scale economies 

are determined by the shape of the function  
,

.
j j j it

qg  

Having estimated the parameters of the model, we can proceed to apply standard nonparametric 

techniques to analyze g  as if the parameters are known, essentially because the parametric 

components are estimated at faster rates of convergence than the nonparametric components. 

More precisely, if we define the linear index  
,j j itjitQ q  and construct the ordered pairs 

'( , )itit ittc x Q , then we have the nonparametric regression model 

  ' .it it i itit
tc x g Q u       (11) 

We estimate the value of the function  itg Q  by applying conventional kernel estimation to 

(12). We can then examine the shape of the ‘purged’ average cost function   /it itg Q Q  for 

evidence of scale economies. Our results are depicted in Figure 3. 
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Figure 3: Scale Economies - Partial Linear Model 

The relatively flat nature of the curve is consistent with constant returns to scale throughout 

the industry. Over the sample of distributors, the mean slope of the average cost function is 

equal to 0.001, with a standard deviation of 0.0236; the minimum is -0.0627, while the 

maximum is 0.0684. These findings suggest that, while there may be some firms with slight 

economies of scale, these will be equally offset by firms with slight diseconomies of scale, so that, 

by and large, we expect very little productivity growth to be generated by improvements in 

scale economies. 

5 Productivity Trends 

5.1 A Simple Idea 

Total Factor Productivity (TFP) is commonly used to measure a firm's productivity. The 

measurement of TFP growth can be motivated by a simple, intuitively appealing idea which 

compares the rate of growth of inputs into a production process to the rate of growth of output. 

For simplicity, consider a firm that produces only a single output Q  using only a single input 
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X . Then the growth in total factor productivity is given by 

 
.

TFP Q X    (12) 

where we use an over-dot to denote the growth rate of a particular variable. 

Of course, economists, managers, and regulators scrutinize costs. Denny et al. (1981) show how 

productivity change can be decomposed to its underlying cost drivers. In the one-factor setting, 

total cost is simply the price of the input (W) times the quantity of the input. Thus the rate of 

growth of total cost equals the rate of growth in input prices plus the rate of growth in inputs: 

 
.

.TC W X   (13) 

Using this formulation of the rate of growth in cost, we can rewrite the TFP growth rate as 

 
. .

( ).TFP Q TC W    (14) 

Furthermore, according to our cost model, we may think of cost increases as being driven by 

inflation in the input price and increases in the level of output, offset in part by the 

Technological Effect (TE) and the Scale Effect (SE)10 . That is, 

 
. . .

.TC W Q TE SE 
 

   
 

  (15) 

This decomposition of growth in total costs can be substituted into the immediately preceding 

equation to obtain 

 
. . .

.TFP TE SE    (16) 

Equations (13) and (17) are fundamental to understanding the present discussion in the 

measurement of productivity growth. Equation (13) summarizes the index methodology. It 

expresses productivity growth as the difference between the output growth and input growth. 

                                                             
10

 Business conditions can also affect productivity growth. However, in the analyses we have conducted, 

their effect is either econometrically small, or zero due to the absence of variation over time. 
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Equation (17) summarizes the econometric approach. It expresses growth in terms of underlying 

driving factors: technology and scale effects. Properly implemented, the two approaches should 

yield similar values. 

5.2 The Multiple Input and Multiple Output Case 

 The production technology of electricity distributors requires multiple inputs of production - in 

our case, capital and OM&A. Furthermore, the output of electricity distributors is best 

measured across multiple dimensions. Nevertheless, we can logically extend these two 

approaches to measuring the growth rate of TFP to the multi-input, multi-output case. 

5.2.1 The Conventional Tornqvist Index of Total Factor Productivity 

In order to implement the index methodology, the conventional approach to aggregation is to 

use a Tornqvist index.11 The Tornqvist index for inputs is defined in terms of a weighted 

average of the rates of growth of the individual inputs. If there are L inputs, indexed by 

1,2,..., ,l L  then the growth rate of the input index at time t  is defined as 

  
l

t lt ltX x   (17) 

where the weight lt  on input lx  is constructed from the historical cost-share12 of input lx  

 , 1

2

lt l t

lt

S S



   (18) 

and   , 1ln /lt lt l tx x x  is the growth rate of lx  at time t. 

As shown by Denny et al. (1981), the Tornqvist index for output is also defined in terms of a 

weighted average of the rates of growth of the individual output components. If there are J 

                                                             
11

 A Tornqvist index is a discrete-time approximation to a continuous-time Divisia index. 

12
 Formally, the cost share of input 

l
X  is * /

lt lt lt t
S W X TC  where 

lt
W  is the price of input 

l
X . 
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outputs, indexed by 1,2,... ,j J  then the growth rate of the output index at time t is defined as 

  
j

t jt jtQ q   (19) 

where the weight jt  on output jq  is equal to the cost elasticity share 
jtq  of output jq , and 

where   , 1ln /jt ti jt q qq  is the growth rate of output jQ  at time t. More specifically, define the 

cost elasticity of output jq  by   , ln / ln .
jT jC q TC q  For example, using our semi-parametric 

specification of the cost function, we have 

     , .'
j j m mt jk jtC mT tq g q q wk   (20) 

Then, the cost elasticity share of output jq  is given by 

 


,

,

.jt

tj

t mt

TC

TC

m

q

q
q

  (21) 

5.2.2 The Econometric Decomposition of Total Factor Productivity 

Consider an arbitrary cost function ( , , )TC C W Q t  where W  is a vector of input prices, Q  is a 

vector of outputs, and t  indexes time. Following the derivation in Denny et al. (1981), the 

growth rate of TFP can be decomposed into 

 
  

   
  

 


,

,

,

1 .
1 j

m

j

TC

TC j

TCm j m

q

q
q

TC
TFP q

TC t
  (22) 

The first term in this decomposition is the Technology Effect, 
.

(1 )TE TC TC t   , which 

indicates a proportionate shift in the cost function with respect to time. Thus, the Technology 

Effect can be estimated by the time trend in our econometric cost model.  

The second term in this decomposition is the Scale Effect. This is constructed from the product 

of the scale elasticity of output  ,1
mTCm q and the growth rate of our Tornqvist Index for 



 

26 

 

output   j j jQ q . This decomposition proposed by Denny et al. (1981) was originally 

applied to translog cost functions. Martínez-Budría et al. (2003) show how the analysis can be 

adapted to the case of a more flexible specification of the cost function. 

5.2.3 Aggregate vs. Average Indexing 

We have estimated the productivity factor using two methodologies – an indexing methodology, 

and an econometric based methodology. Using the indexing methodology, one straightforward 

approach to estimating productivity would be to calculate an ‘average’ index. For each 

individual electricity distributor in the industry, we first construct separate output and input 

indices, where the weights used in the output index are firm specific cost elasticity shares, and 

the weights used for the input index are firm specific input cost-shares. Then, the growth rate in 

the individual firm's total factor productivity is computed as the difference between the growth 

rate of the distributor's individual output and input indices. Finally, by averaging over all 

distributors, we arrive at a measurement of the growth in industry total factor productivity. 

An alternative approach would be to calculate an ‘aggregate’ index. This approach begins by 

aggregating outputs and inputs over all distributors in the industry. Then aggregate indices of 

output and input are constructed using the weights of the notional ‘average’ distributor, i.e., 

using the cost elasticity shares evaluated at the point of means, and mean input cost-shares. 

The growth rate of total factor productivity in the industry is computed as the difference 

between the growth rates in these aggregate indices. 

Similarly, there are two approaches to estimating the productivity using the econometric 

methodology. The ‘average’ approach first calculates a separate scale effect for each individual 

distributor, using a distributor's own scale elasticity of output and the growth rate of its 

individual output index. Then, by adding this scale effect to the common trend effect estimated 

from the econometric cost function, we have an estimate of the growth rate of each individual 

firm's total factor productivity. Again, by averaging over all distributors, we arrive at a 

measurement of the growth in the industry's total factor productivity. 
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Alternatively, one can calculate an ‘aggregate’ scale effect, using the scale elasticity of output 

corresponding to the notional ‘average’ distributor and the growth rate in the aggregate output 

index. Adding the ‘aggregate’ scale effect to the trend effect yields a measurement of the growth 

in the industry's ‘aggregate’ total factor productivity. 

The attractiveness of the ‘aggregate’ approach derives from the simplicity of the weights used to 

amalgamate individual outputs and inputs into a single output and input index. However, in 

constructing these indices, the ‘aggregate’ approach assigns weights to distributors that are 

roughly proportional to each distributor's size. Thus, the ‘aggregate’ index methodology can 

introduce an aggregation bias that leaves it susceptible to outliers in the data.13 On the other 

hand, the ‘average’ approach is less susceptible to this problem, as it assigns equal weights to all 

distributors.  

5.3 The Econometric Methodology  

The econometric approach to productivity analysis uses the cost function to decompose costs 

into underlying cost drivers. Table 3 and Figure 4 present our findings. 

The technology effect, which measures the proportionate shift in the cost function with respect 

to time, can be estimated by the time trend in our econometric cost model. According to our 

semi-parametric specification of the cost function, the estimates of the trend imply that, ceteris 

paribus, production pressures have resulted in an average yearly increase in costs of 1.17%. As 

can be seen from Figure 4, these cost pressures occur at an ever-increasing rate between 2004 

and 2008, after which they flattens out, albeit at 1.5%. 

Strictly speaking, while the time trend in our cost function is interpreted as capturing Hicks-

neutral technical change, i.e., one that does not affect the balance of labor and capital in the 

production process, it is in all likelihood capturing other secular effects as well. In particular, the 

time trend is likely absorbing three other major factors in the Ontario electricity industry: the 

                                                             
13

 In some applications of the aggregate approach, unusually large 'outlier' distributors are excluded from 

the analysis to avoid the inherent aggregation bias. 
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implementation of new technologies (such as smart meters), the slowing of demand growth 

partly as a result of demand management programs, and the aging of infrastructure. 

This negative time trend effect is somewhat offset by improvements in scale economies. After 

all, as output has been increasing over time, if distributors are operating below their minimum 

efficient scale, then this increase in output will result in improvements in productivity. Two 

approaches can be taken to estimate the scale effect. One approach would be to calculate an 

‘average’ scale effect, by first computing a separate scale effect for each individual distributor, 

using a distributor's own scale elasticity of output, and then averaging over all distributors. 

Alternatively, one can calculate an ‘aggregate’ scale effect, using the scale elasticity of output 

belonging to the notional ‘average’ distributor.14 Given the general absence of scale economies, 

the scale effect is negligible on aggregate. At the firm level, some distributors have seen 

improvement in their productivity due to a favorable scale effect. In both cases, the magnitude 

of this scale effect declined over the sample period, from 0.04% on aggregate, or 0.45% on 

average in 2003, down to 0.02% on aggregate, or 0.13% on average in 2012. The average yearly 

contribution of the scale effect to the growth rate of TFP was 0.03% on aggregate, and 0.21% 

on average. 

TFP growth is calculated as the sum of the technology effect and the scale effect. According to 

the econometric approach, aggregate TFP growth was negative over the entire sample period. 

That is, the scale effect is never large enough to offset the effect of adverse cost trends. On the 

other hand, average TFP growth was positive for the years 2003 and 2004, whereupon it turned 

negative. In both cases, TFP growth was progressively deteriorating over the entire period.  

                                                             
14

 The point estimate for the scale elasticity of costs for the notional 'average' firm is 0.98, which is not 

statistically different from 1. Over the sample of distributors, the average scale elasticity of costs is 

0.8184, with standard deviation of 0.0995. The minimum is 0.6747, and the maximum is 1.1601, the 

former belonging to Hydro 2000 Inc., the distributor with the lowest number of subscribers in our sample, 

and the later belonging to Hydro One Networks Inc., the distributor with the largest number of 

subscribers in our sample. That is, increasing scale always increases cost. However, for small distributors 

this increase is at less than a one-for-one rate, while for the large distributors it is at more than a one-for-

one rate.  
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Table 3: TFP Trend for Ontario Electric D istributors, 2002 -2012                                                                                                                                                        

Partial Linear Index Specification of Cost Function -- Econometric Approach 

 

Aggregate Tornqvist Index 

  

Average Tornqvist Index 

 

Tech. Effect Scale Effect TFP 

  

Tech. Effect Scale Effect TFP 

Year Index Growth Index Growth Index Growth 

 

Year Index Growth Index Growth Index Growth 

2002 100.00 - 100.00 - 100.00 - 

 

2002 100.00 - 100.00 - 100.00 - 

2003 99.64 -0.36% 100.04 0.04% 99.68 -0.32% 

 

2003 99.64 -0.36% 100.45 0.45% 100.09 0.09% 

2004 99.49 -0.15% 100.07 0.03% 99.56 -0.12% 

 

2004 99.49 -0.15% 100.89 0.44% 100.37 0.28% 

2005 98.89 -0.60% 100.12 0.05% 99.01 -0.55% 

 

2005 98.89 -0.60% 101.19 0.30% 100.07 -0.30% 

2006 97.78 -1.13% 100.15 0.03% 97.92 -1.11% 

 

2006 97.78 -1.13% 101.30 0.11% 99.05 -1.02% 

2007 96.30 -1.52% 100.17 0.02% 96.46 -1.50% 

 

2007 96.30 -1.52% 101.53 0.22% 97.78 -1.30% 

2008 94.69 -1.69% 100.19 0.02% 94.86 -1.67% 

 

2008 94.69 -1.69% 101.66 0.13% 96.26 -1.57% 

2009 93.22 -1.56% 100.20 0.01% 93.41 -1.54% 

 

2009 93.22 -1.56% 101.74 0.08% 94.85 -1.47% 

2010 91.83 -1.51% 100.22 0.02% 92.03 -1.49% 

 

2010 91.83 -1.51% 101.85 0.11% 93.52 -1.40% 

2011 90.26 -1.72% 100.24 0.02% 90.48 -1.70% 

 

2011 90.26 -1.72% 101.97 0.12% 92.04 -1.60% 

2012 88.92 -1.50% 100.26 0.02% 89.15 -1.48% 

 

2012 88.92 -1.50% 102.10 0.13% 90.78 -1.37% 

Avg. Growth 

 

-1.17% 

 

0.03% 

 

-1.15% 

 

Avg. Growth 

 

-1.17% 

 

0.21% 

 

-0.97% 

 

Figure 4: Productivity Growth Using Econometric Decomposition
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Generally, the growth rate of TFP was lower on aggregate than it was on average. According to 

the econometric approach, aggregate TFP declined at an average yearly rate of 1.15%, while 

average TFP declined at rate of 0.97%. 

5.4 Index Methodology  

The index approach to estimating TFP growth compares the rate of growth of outputs to the 

rate of growth of inputs. Tables 2.4A and 2.4B present our findings on the growth rates of 

outputs and inputs, respectively. Table 4C combines these results to produce the implied growth 

rate of TFP, and these results are then illustrated in Figure 5.  

Estimates of the output trend are constructed from a weighted average of the underlying trends 

in the individual measures of output, with the weights reflecting the estimated cost elasticity 

shares of the underlying outputs. We find that the number of customers has been increasing at 

an average yearly rate of 1.28% on aggregate and 1.12% on average. However, under both 

indexing approaches, the rate of increase in subscribers has been slowing. Nevertheless, the fact 

that customers grew more rapidly than did deliveries implies that volumes per customer have 

declined over the period. 

By far, the most volatile, yet slowest growing measure of output is deliveries. Deliveries grew 

only by an average yearly rate of 0.57% on aggregate and 0.36% on average. Whether the 

volatility in the year-to-year growth rate of deliveries is the result of the Great Recession of 

2008-2009 and the subsequent recovery, or whether it is a reflection of Consumer Demand 

Management (CDM) programs is not clear. The large drop off in the rate of growth in 

deliveries, to a negative rate, observed in 2009 is almost certainly a result of the recession, while 

the plateau observed thereafter may be a result of CDM. 

Our different approaches to indexing yield conflicting results regarding the rate of growth of 

system capacity. Using the averaging approach to indexing, we find that capacity is the fastest 

growing output measure, growing at an average yearly rate of 1.48%. On the other hand, using 
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the aggregate approach, we find that capacity grew at a rate of 0.72%, which was substantially 

slower than customer growth. Nevertheless, the year-to-year pattern of growth in capacity is 

similar across both approaches: initially, the rate of growth in capacity is gradually slowing 

between 2002 and 2008, but thereafter accelerates, albeit it very modestly. 

Similar conclusions are reached about the overall growth in output using both approaches to 

indexing. Although positive, the rate of growth of output has been slowing over the sample 

period, on aggregate from 1.67% in 2003 to 0.90% in 2012, and on average from 2.30% in 2003 

to 0.8% in 2012. Nevertheless, there is significant year-year variability in the growth rate of the 

output index, especially according to the average approach to indexing. 

Estimates of the input growth are constructed from a weighted average of the underlying trends 

in the individual factors of production,
15

 where the weights are the historical factor shares. 

Capital appears to grow at a fairly steady rate over the sample period, although there is modest 

year-to-year variability reflected in both methods of computing the capital index. Indeed, there 

is a precipitous decline in the growth rate of capital during 2009, this decline being more 

pronounced on aggregate than on average.
16

  

There is substantially more year-to-year variability in the rate of growth of operations, 

maintenance and administrative (OM&A) expenditures. The aggregate index of OM&A exhibits 

a significant spike in 2007, reflecting the initial rollout of the Smart Meters initiative by larger 

distributors.17 After this, there is a significant decline in the growth rate of the average index of 

OM&A in 2010, which is consistent with the end of the Smart Meter rollout. Between 2003 and 

2012, capital grew at an average annual rate of 2.19% on aggregate, and 2.16% on average, 

                                                             
15

 In order to arrive at a meaningful comparison between distributors, we use the parameter estimates 

from our cost function to purge the residual effects of CIAC from the cost of capital, and the residual 

effects of net LV-HV from OM&A costs. This is to ensure that we are not including factors of production 

that go to the benefit of someone else, or excluding factors of production that acquired in-house. 

16
 Examination of the underlying data reveals that the driving force of this decline was the deceleration in 

capital growth at several larger distributors, rather than a general trend across all distributors. 

17
 The Smart Meter initiative in Ontario had a staggered roll-out, beginning with the distributors in the 

province's larger metropolitan areas in 2007, and throughout the rest of the province by 2010. 
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while OM&A grew at an average annual rate of 2.12% on aggregate, and 1.79% on average. 

We find that the aggregate approach yields larger rates of growth in inputs, as compared to the 

average approach, reflecting the ‘aggregation bias’ inherent in the aggregate index approach, 

whereby distributors are assigned weights that are roughly proportional to their size, and thus 

larger firms -- or firms that grow at much faster rates -- can skew the results. Our indices show 

that, between 2002 and 2012, inputs grew at average yearly rate of 2.17% if we use an aggregate 

approach, and 2.02% if we use an average approach. For both approaches, the year-to-year 

variability in the input index mirrors the year-to-year variability in OM&A input, 

notwithstanding the fact that, OM&A grew at a slower average annual rate than did capital.  

The growth rate of total factor productivity is equal to the growth rate of output minus the 

growth rate of input. Again, similar conclusions are reached by both approaches to indexing.  

The general trend in TFP mirrors that of inputs. Further, although there is substantial year-to-

year variability after 2006, the overall trend is for TFP to contract at an average yearly growth 

rate of -1.08% on aggregate, and -0.83% on average. Interestingly, total factor productivity was 

initially trending upward until 2005, but then experienced a significant negative shock in 2006, 

resulting in the observed negative rate of growth. The magnitude of this shock, and the 

subsequent deceleration in the rate of growth of TFP, is smaller on average than on aggregate. 

In fact, average TFP briefly returns to a positive rate of growth in 2010, while the aggregate 

TFP growth rate remains negative for the rest of the period. 

6 Regulatory Issues 

6.1 Regulatory Applications 

Out estimates of the trend in total factor productivity from the Index Methodology are slightly 

larger, both on aggregate and on average, compared to those from the Econometric 

Methodology. Nevertheless, similar conclusions are reached across both methodologies: over the 

2002-2012 period, the Ontario Electricity Distribution industry experience significant negative 

growth, between -1.15% and -1.08% on aggregate, and -0.97% on -0.83% average. 
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Table 4A: Outputs Trends for Ontario Electr ic Distributors, 2002-2012 

 

Aggregate Tornquivst Index 

    

Average Tornquivst Index 

  

 

Customers Deliveries Capacity Output Index 

  

Customers Deliveries Capacity Output Index 

Year Index Growth Index Growth Index Growth Index Growth 

 

Year Index Growth Index Growth Index Growth Index Growth 

2002 100.00 - 100.00 - 100.00 - 100.00 - 

 

2002 100.00 - 100.00 - 100.00 - 100.00 - 

2003 101.89 1.87% 101.97 1.95% 101.15 1.15% 101.69 1.67% 

 

2003 101.64 1.63% 103.38 3.32% 103.91 3.83% 102.34 2.31% 

2004 103.57 1.63% 103.04 1.04% 101.81 0.65% 103.06 1.34% 

 

2004 103.44 1.75% 103.23 -0.14% 107.68 3.56% 104.60 2.19% 

2005 105.25 1.61% 108.02 4.72% 104.60 2.70% 105.17 2.03% 

 

2005 105.22 1.70% 107.26 3.83% 109.95 2.09% 106.60 1.89% 

2006 106.59 1.26% 105.21 -2.63% 105.87 1.22% 106.34 1.10% 

 

2006 106.16 0.89% 102.35 -4.69% 111.59 1.48% 107.50 0.84% 

2007 107.61 0.95% 109.84 4.30% 105.98 0.10% 107.24 0.84% 

 

2007 107.32 1.08% 109.93 7.15% 112.26 0.60% 108.77 1.18% 

2008 109.01 1.29% 107.99 -1.70% 106.03 0.04% 108.13 0.83% 

 

2008 108.44 1.04% 108.92 -0.92% 112.65 0.35% 109.61 0.77% 

2009 109.86 0.78% 104.02 -3.75% 106.26 0.22% 108.62 0.45% 

 

2009 109.14 0.65% 104.43 -4.22% 113.54 0.78% 110.17 0.50% 

2010 111.18 1.19% 104.05 0.04% 106.57 0.30% 109.60 0.90% 

 

2010 110.09 0.86% 104.25 -0.17% 114.09 0.49% 110.96 0.72% 

2011 112.36 1.06% 105.24 1.14% 107.05 0.45% 110.58 0.89% 

 

2011 111.03 0.85% 103.58 -0.64% 114.87 0.69% 111.79 0.75% 

2012 113.63 1.12% 105.89 0.62% 107.49 0.40% 111.58 0.90% 

 

2012 111.90 0.78% 103.71 0.12% 115.95 0.94% 112.69 0.80% 

Avg. 

 

1.28% 

 

0.57% 

 

0.72% 

 

1.10% 

 

Avg. 

 

1.12% 

 

0.36% 

 

1.48% 

 

1.19% 

Table 4B: Input Trends for Ontario Electric Distributors, 2002 -2012  

 

Aggregate Tornquivst Index 

  

Average Tornquivst Index 

 

Capital Quantity OM &A Quantity Input Index 

  

Capital Quantity OM &A Quantity Input Index 

Year Index Growth Index Growth Index Growth 

 

Year Index Growth Index Growth Index Growth 

2002 100.00 - 100.00 - 100.00 - 

 

2002 100.00 - 100.00 - 100.00 - 

2003 102.05 2.03% 101.09 1.09% 101.70 1.68% 

 

2003 101.27 1.26% 102.02 2.00% 101.88 1.87% 

2004 103.79 1.70% 98.26 -2.85% 101.74 0.05% 

 

2004 103.16 1.85% 101.95 -0.07% 102.76 0.86% 

2005 106.10 2.20% 98.48 0.23% 103.27 1.49% 

 

2005 106.02 2.74% 102.05 0.10% 104.75 1.91% 

2006 108.71 2.43% 103.01 4.49% 106.61 3.18% 

 

2006 108.04 1.88% 104.62 2.49% 106.80 1.94% 

2007 111.29 2.35% 111.76 8.15% 111.58 4.55% 

 

2007 110.79 2.52% 105.72 1.04% 108.82 1.87% 

2008 114.66 2.98% 111.93 0.16% 113.71 1.90% 

 

2008 113.43 2.35% 109.17 3.21% 111.80 2.71% 

2009 115.25 0.51% 115.91 3.50% 115.62 1.66% 

 

2009 115.69 1.98% 110.68 1.37% 113.97 1.92% 

2010 118.23 2.56% 118.57 2.26% 118.47 2.44% 

 

2010 118.62 2.50% 108.54 -1.95% 114.62 0.57% 

2011 122.18 3.28% 121.40 2.36% 121.99 2.92% 

 

2011 120.73 1.76% 114.18 5.07% 118.26 3.12% 

2012 124.51 1.89% 123.62 1.81% 124.27 1.86% 

 

2012 124.07 2.73% 119.56 4.61% 122.44 3.47% 

Avg. 

 

2.19% 

 

2.12% 

 

2.17% 

 

Avg. 

 

2.16% 

 

1.79% 

 

2.02% 

 Estimated residual effects of CIAC and LVHV have been purged from capital costs and OM&A costs, respectively. 
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Figure 5: Productivity Growth Using Indexing Decomposition 

Table 4C: TFP Trend for Ontario Electric D istributors, 2002 -2012                                                                                                                                                        

Partial Linear Index Specification of Cost Function -- Indexing Approach 

 

Aggregate Tornquivst Index 

  

Average Tornquivst Index 

 

Output Quantity Input Quantity TFP 

  

Output Quantity Input Quantity TFP 

Year Index Growth Index Growth Index Growth 

 

Year Index Growth Index Growth Index Growth 

2002 100.00 - 100.00 - 100.00 - 

 

2002 100.00 - 100.00 - 100.00 - 

2003 101.69 1.67% 101.70 1.68% 99.99 -0.01% 

 

2003 102.34 2.31% 101.88 1.87% 100.44 0.44% 

2004 103.06 1.34% 101.74 0.05% 101.29 1.29% 

 

2004 104.60 2.19% 102.76 0.86% 101.79 1.33% 

2005 105.17 2.03% 103.27 1.49% 101.84 0.54% 

 

2005 106.60 1.89% 104.75 1.91% 101.77 -0.02% 

2006 106.34 1.10% 106.61 3.18% 99.74 -2.08% 

 

2006 107.50 0.84% 106.80 1.94% 100.65 -1.10% 

2007 107.24 0.84% 111.58 4.55% 96.11 -3.71% 

 

2007 108.77 1.18% 108.82 1.87% 99.96 -0.69% 

2008 108.13 0.83% 113.71 1.90% 95.09 -1.07% 

 

2008 109.61 0.77% 111.80 2.71% 98.04 -1.93% 

2009 108.62 0.45% 115.62 1.66% 93.95 -1.21% 

 

2009 110.17 0.50% 113.97 1.92% 96.66 -1.42% 

2010 109.60 0.90% 118.47 2.44% 92.51 -1.54% 

 

2010 110.96 0.72% 114.62 0.57% 96.80 0.15% 

2011 110.58 0.89% 121.99 2.92% 90.65 -2.03% 

 

2011 111.79 0.75% 118.26 3.12% 94.53 -2.38% 

2012 111.58 0.90% 124.27 1.86% 89.79 -0.96% 

 

2012 112.69 0.80% 122.44 3.47% 92.04 -2.67% 

Avg. Growth 

 

1.10% 

 

2.17% 

 

-1.08% 

 

Avg. Growth 

 

1.19% 

 

2.02% 

 

-0.83% 
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Although not well documented by the literature, a negative productivity rate in the electricity 

distribution industry has often been observed in the context of regulated rate setting. Many 

jurisdictions use a form of price-cap regulation to set the allowed yearly increase in prices 

charged by electricity distributors to their customers. Under a Beesly and Littlechild (1982) 

price-cap  regulation  scheme,   price  increases  are  determined  by  a  CPI-X  formula,  i.e.,  by  the 

measure of the overall inflation in the market minus a so-called ‘X-Factor’, which captures the 

rate of productivity change in the industry. While routinely positive, negative values for the X-

Factor indicate real price increases. The Office of Gas and Electricity Markets (OFGEM) in the 

United Kingdom was the first to adopt price-cap regulation for its Electricity Distribution 

industry in 1990. Interestingly, OFGEM set the X-Factor for its regulation scheme at -1% for 

the first 5 years of the schemes existence. While productivity rates in the UK were generally 

positive for the last half of the 1990s, OFGEM again set a negative X-Factor for the industry in 

2005-2006, and only raising it to 0% for the remainder of the decade. 

More recently, negative X-Factors have been observed in Australia and the Netherlands. Since 

2009, the Australian Energy Regulator has a set negative X-Factor in each of the jurisdictions it 

regulates, on the order of -6% per year.  While decreasing in magnitude over time, in 2009 these 

negative rates of productivity ranged from -14.61% for New South Wales to -0.85% for the 

Northern Territory, and in 2013 ranged from -8% for New South Wales to 1% for Tasmania.18 

Likewise, since 2011 the Netherlands’ Authority Consumer Markets has set a negative 

productivity factor for each of the eight regional electricity distributors it regulates, on the order 

of -6.51%, and ranging from -9.8% to -3.40%.19   

6.2 Stretch Factors - Benchmarking and Relative Efficiency 

The productivity component of a CPI-X scheme is intended to serve as an external benchmark 

that all distributors are expected to achieve. It specifies the rate at which the price that a 

                                                             
18

 See Australian Energy Regulatory (2009a,b, 2010a, b, c and 2012) as well as Utilities Commission of 

the Northern Territories (2009).  

19
 See Netherlands Authority for Consumers and Markets (2010). 
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regulated firm charges for its services should adjust, on average, after accounting for inflation, 

and thus offers an incentive for the firm to reduce its production costs and improve its operating 

efficiency. However, because future productivity (and input price) growth is difficult to predict, 

and because the peculiar circumstances of an individual firm may differ from those of a typical 

electricity distributor, many regulators have augmented their price cap formula by a so called 

'stretch factor'. The stretch factor component of a CPI-X scheme is intended to reflect the 

incremental productivity gains (or inefficiency losses) that a distributor is expected to achieve, 

beyond those specified by the industry wide productivity factor. 

Stretch factors can vary by distributor, be assigned to each distributor individually or to 

distributors in groups (e.g., efficiency quantiles), and can be both positive and negative. Stretch 

factors are generally lower for distributors that are relatively more efficient, and higher for 

distributors that are relatively inefficient. In practice, stretch factors have often been assigned 

on the basis of cost (total cost or unit cost) benchmarking (see for example, Irastorza, 2003). 

Benchmarking compares one utility’s costs to those of the other utilities in the industry in order 

to estimate the relative efficiency of the utility. As such, a CPI-X scheme with stretch factors 

assigned according to benchmarking can be seen as a form of Schleifer (1985) yardstick 

competition. 

6.2.1 Benchmarking Results 

The same cost model that is relied upon to calibrate the productivity index can be used to 

compare the relative efficiencies of distributors. The relative efficiency of a firm is obtained by 

comparing the observed value of its costs to the predicted value from the econometric cost 

model that has been fitted using only the data from the firm's peers alone. More specifically, fix 

firm i, and estimate the model from (6) using the data on all firms excluding firm i.  Call the 

estimates of this cost function <  
 

, ,
ii i

g >. Inserting the observed values of firm i’s regressor 

variables into this estimated function, we obtain the predicted value of firm i’s costs according 

to its peers’ estimated production processes 
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The difference between firm i’s observed costs in year t and these predicted costs reflects the 

efficiency (or inefficiency) of firm i relative to its typical peer. 

We computed, and ranked, the relative efficiency of each distributor in the Ontario Electricity 

Distribution industry. The comparison and ranking was made for each distributor’s average 

value of cost in 2010-2012, the three most recent years of the sample period. Table 5 presents 

our results. We find that there are 29 distributors who have favorable relative efficiency scores, 

and 12 distributors who outperform their peers by 20% or higher. We note that there is no 

discernible pattern in terms of efficiency scores and firm size; rather, total cost benchmarking 

measures relative, not absolute efficiency. 

It is important to distinguish between the accuracy with which industry-wide productivity 

factors can be estimated, and the accuracy with which one can assess relative efficiencies of 

individual distributors. Though both can be obtained from the same model, the former is an 

average effect and can therefore be estimated with much greater precision than the latter, which 

involves a separate prediction for each individual distributor. Further, our analysis of the data 

reveals that even modest variations in model specification, e.g., in the selection of business 

condition variables, can lead to substantial changes in distributor rankings and migration of 

individual distributors to other efficiency cohorts. Given the complexities of the distribution 

sector and its data limitations, it is highly probable that such variations will be present. 

6.2.2 Most Improved Player 

Given that many regulators rely on an index based calculation for the productivity factor, it 

may be worth considering distributor-specific productivity growth factors in the process of 

determining stretch factors. 
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Table 5: Total Cost Benchmarking - Relative Efficiencies 

Company Name Actual - Predict Company Name Actual - Predict 

HYDRO 2000  -70.95% KINGSTON HYDRO  0.38% 

HYDRO HAWKESBURY  -67.81% FORT FRANCES POWER  0.72% 

HEARST POWER DISTRIBUTION -62.82% WESTARIO POWER  0.82% 

SIOUX LOOKOUT HYDRO  -39.11% BRANT COUNTY POWER  1.44% 

ESPANOLA REGIONAL HYDRO DIST. -34.44% WELLINGTON NORTH POWER  1.82% 

HALTON HILLS HYDRO  -31.29% HORIZON UTILITIES  2.20% 

E.L.K. ENERGY  -30.37% BLUEWATER POWER DIST. 2.41% 

NORTHERN ONTARIO WIRES  -29.48% ST. THOMAS ENERGY  2.62% 

RIDEAU ST. LAWRENCE DIST. -25.95% KENORA HYDRO ELECTRIC   2.75% 

HALDIMAND COUNTY HYDRO  -24.21% ATIKOKAN HYDRO  4.31% 

CHAPLEAU PUBLIC UTILITIES  -24.13% LONDON HYDRO  4.69% 

LAKELAND POWER DISTRIBUTION  -20.80% OTTAWA RIVER POWER  4.85% 

GRIMSBY POWER INCORPORATED -18.22% NORTH BAY HYDRO DISTRIBUTION  5.24% 

COOPERATIVE HYDRO EMBRUN  -18.14% NORFOLK POWER DISTRIBUTION  5.82% 

WASAGA DISTRIBUTION  -15.13% PUC DISTRIBUTION  7.33% 

WELLAND HYDRO-ELECTRIC SYSTEM  -15.02% RENFREW HYDRO  7.36% 

PARRY SOUND POWER  -14.38% NIAGARA-ON-THE-LAKE HYDRO  7.99% 

LAKEFRONT UTILITIES  -13.98% MIDLAND POWER UTILITY  8.22% 

ESSEX POWERLINES  -13.96% MILTON HYDRO DISTRIBUTION  8.23% 

CENTRE WELLINGTON HYDRO  -13.26% WHITBY HYDRO ELECTRIC  8.36% 

NEWMARKET-TAY POWER DIST. -11.73% ERIE THAMES POWERLINES  8.55% 

ORILLIA POWER DISTRIBUTION  -5.43% ENERSOURCE HYDRO MISSISSAUGA  9.50% 

WEST COAST HURON ENERGY  -5.11% BRANTFORD POWER  10.47% 

ENTERGUS POWERLINES -4.20% BURLINGTON HYDRO  13.53% 

TILLSONBURG HYDRO  -2.88% HYDRO ONE BRAMPTON NETWORK 14.69% 

OSHAWA PUC NETWORKS  -2.29% CAMBRIDGE & NORTH DUMFRIES 14.70% 

INNISFIL HYDRO DISTRIBUTION -1.91% KITCHENER-WILMOT HYDRO  17.06% 

COLLUS POWER  -0.78% PETERBOROUGH DISTRIBUTION  17.33% 

ORANGEVILLE HYDRO  -0.18% VERIDIAN CONNECTIONS  17.96% 

  

FESTIVAL HYDRO  18.34% 

  

NIAGARA PENINSULA ENERGY  18.51% 

  

HYDRO OTTAWA  18.82% 

  

GREATER SUDBURY HYDRO  20.41% 

  

THUNDER BAY HYDRO ELECT. 20.99% 

  

CANADIAN NIAGARA POWER  22.55% 

  

POWERSTREAM  24.14% 

  

TORONTO HYDRO-ELECTRIC SYST. 25.29% 

  

HYDRO ONE NETWORKS  25.34% 

  

WATERLOO NORTH HYDRO  26.52% 

  

GUELPH HYDRO ELECTRIC SYST. 26.95% 

  

WOODSTOCK HYDRO SERVICES  29.46% 

  

OAKVILLE HYDRO ELECTRICITY 34.33% 

  

ENWIN UTILITIES 47.71% 

  

ALGOMA POWER 62.73% 
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In our discussions, distributors often made the point that their individual circumstances could 

not be captured effectively by a model common to the industry as a whole. Differentiating 

variables such as reliability, urban core effects and system configuration have been among those 

that have emerged. Some distributors suggested that one should examine a distributor’s 

performance over time to see whether its unit costs are declining or increasing. A ranking of 

distributor in terms of their relative productivity increases is presented in Table 6. 

This approach is worthy of consideration. In sports (and in educational settings) considerable 

emphasis is placed on top performance (for example the most valuable player, or MVP award). 

However, additional incentives can be created by rewarding improvement, not just absolute 

performance.  Reward systems have therefore also evolved in this direction. For example, the 

National Basketball Association has had a ‘Most Improved Player Award’ for over 25 years. 

Under this approach, stretch factor assignments would be based on relative cost performance 

and growth in productivity.  Firms which have demonstrated recent productivity improvements 

(relative to other firms) would be viewed favorably, even if their costs may appear to be high 

relative to other firms; that is, stretch factors would reward not only the ‘Most Valuable 

Player’, but also the ‘Most Improved Player’.  

An illustration of how such a regime could work in practice and incorporate both relative cost 

performance and productivity growth is provided as follows. Rank distributors according to 

their relative efficiency during the last three sample years. Similarly, rank distributors according 

to their productivity growth over the last three sample years. Then, assign distributors to one of 

five groups: 

 Group 1 - Distributors which are in the first quartile in terms of both cost efficiency and 

productivity growth are assigned a stretch factor of, say -0.30%. 

 Group 2 - Distributors which are in the first quartile in terms of either cost efficiency or 

productivity growth are assigned a stretch factor of -0.15%. 
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 Group 3 - Distributors which are in the second or third quartile in terms of both cost 

efficiency or productivity growth are assigned a stretch factor of 0.0%. 

 Group 4 - Distributors which are in the fourth quartile in terms of either cost efficiency 

or productivity growth are assigned a stretch factor of +0.15% 

 Group 5 - Distributors which are in the fourth quartile in terms of both cost efficiency 

and productivity growth are assigned a stretch factor equal to +0.30%. 

The allocation rule is illustrated in the Figure 6 below. Individual distributor productivity 

factors are presented in Table 6. 

  

TFP Ranking 

  

1st 

Quartile 

2nd 

Quartile 

3rd 

Quartile 

4th 

Quartile 

 

1st 

Quartile 
Group 1 Group 2 

Benchmark 

2nd 

Quartile 

Group 2 

Group 3 Group 4 
Ranking 

3rd 

Quartile 

 

4th 

Quartile 
Group 4 Group 5 

Figure 6: Stretch Factor Assignment Using Efficiency and Productivity Rankings 
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Table 6: Individual D istributor Productivity Factors - Econometric M ethodology 

 Productivity 

Factor   
Productivity 

Factor Company Name 

 

Company Name 

MILTON HYDRO DISTRIBUTION -0.25% 

 

OTTAWA RIVER POWER -1.01% 

COOPERATIVE HYDRO EMBRUN -0.36% 

 

BURLINGTON HYDRO -1.01% 

HALTON HILLS HYDRO -0.41% 

 

HYDRO ONE BRAMPTON NETWORKS -1.01% 

WASAGA DISTRIBUTION -0.43% 

 

PETERBOROUGH DISTRIBUTION  -1.02% 

GRIMSBY POWER -0.56% 

 

KITCHENER-WILMOT HYDRO -1.02% 

CENTRE WELLINGTON HYDRO -0.58% 

 

SIOUX LOOKOUT HYDRO. -1.03% 

E.L.K. ENERGY -0.59% 

 

OSHAWA PUC NETWORKS -1.04% 

WHITBY HYDRO ELECTRIC -0.69% 

 

CANADIAN NIAGARA POWER -1.04% 

RIDEAU ST. LAWRENCE DISTRIBUTION. -0.77% 

 

FESTIVAL HYDRO -1.04% 

HYDRO 2000 -0.77% 

 

NIAGARA PENINSULA ENERGY -1.05% 

LAKELAND POWER DISTRIBUTION -0.83% 

 

VERIDIAN CONNECTIONS  -1.05% 

LAKEFRONT UTILITIES -0.85% 

 

ESPANOLA REGIONAL HYDRO DIST. -1.06% 

NEWMARKET-TAY POWER DISTRIBUTION -0.86% 

 

ESSEX POWERLINES -1.06% 

COLLUS POWER CORPORATION -0.86% 

 

FORT FRANCES POWER. -1.07% 

NIAGARA-ON-THE-LAKE HYDRO -0.87% 

 

WEST COAST HURON ENERGY -1.08% 

WELLINGTON NORTH POWER -0.87% 

 

ALGOMA POWER -1.08% 

WATERLOO NORTH HYDRO -0.90% 

 

GREATER SUDBURY HYDRO -1.09% 

NORFOLK POWER DISTRIBUTION -0.91% 

 

PUC DISTRIBUTION -1.09% 

OAKVILLE HYDRO ELECTRICITY DIST. -0.92% 

 

KINGSTON HYDRO -1.09% 

TILLSONBURG HYDRO -0.92% 

 

ENWIN UTILITIES -1.10% 

MIDLAND POWER UTILITY -0.92% 

 

HEARST POWER DISTRIBUTION -1.11% 

ST. THOMAS ENERGY -0.93% 

 

WELLAND HYDRO-ELECTRIC SYSTEM -1.12% 

BRANT COUNTY POWER -0.93% 

 

BLUEWATER POWER DISTRIBUTION -1.12% 

WESTARIO POWER -0.94% 

 

NORTH BAY HYDRO DISTRIBUTION -1.13% 

HALDIMAND COUNTY HYDRO -0.94% 

 

THUNDER BAY HYDRO ELECTRICITY  -1.14% 

GUELPH HYDRO ELECTRIC SYSTEMS -0.94% 

 

LONDON HYDRO -1.14% 

INNISFIL HYDRO DISTRIBUTION SYSTEMS  -0.94% 

 

ENTERGUS POWERLINES -1.15% 

ORILLIA POWER DISTRIBUTION -0.94% 

 

CHAPLEAU PUBLIC UTILITIES -1.18% 

ERIE THAMES POWERLINES  -0.95% 

 

HORIZON UTILITIES -1.19% 

HYDRO HAWKESBURY -0.96% 

 

ENERSOURCE HYDRO MISSISSAUGA -1.20% 

ORANGEVILLE HYDRO -0.97% 

 

NORTHERN ONTARIO WIRES -1.22% 

CAMBRIDGE AND NORTH DUMFRIES HYDRO -0.98% 

 

KENORA HYDRO ELECTRIC -1.24% 

PARRY SOUND POWER -0.98% 

 

HYDRO OTTAWA -1.25% 

WOODSTOCK HYDRO SERVICES -0.99% 

 

TORONTO HYDRO-ELECTRIC SYSTEM -1.27% 

RENFREW HYDRO -0.99% 

 

HYDRO ONE NETWORKS -1.29% 

BRANTFORD POWER  -1.01% 

 

POWERSTREAM -1.33% 

   

ATIKOKAN HYDRO -1.44% 

7  
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7 Conclusion 

Electricity industries are experiencing upward cost pressures in many parts of the world.  This 

paper focuses on electricity distribution. We apply two methodologies for estimating 

productivity growth – an index based approach, and a cost based approach – to data on over 70 

Ontario distributors for the period 2002 to 2012. The resulting productivity growth estimates 

are approximately ‐1% per year, suggesting a reversal of the positive estimates that have 

generally been reported in previous periods. We implement a flexible semi-parametric variant of 

a translog cost function to assess the robustness of the conclusions and discuss the use of such 

statistical analyses for calibrating productivity and stretch factors within a price-cap framework. 

While the vast majority of previous studies have found evidence of both scale economies, and 

productivity growth, we find evidence of the converse. Electricity distributors in Ontario from 

2002 to 2012 exhibited roughly constant returns to scale, and negative productivity growth. 

We have likely entered a period where productivity growth in the Ontario electricity 

distribution industry, and indeed in electricity industries around the world, may appear to be 

negative when assessed using conventional measures of productivity. This is likely because these 

conventional measures cannot fully capture the broader range of activities that distributors are 

now undertaking as agents of governmental energy policies.  

Furthermore, a move towards a 'greener' industry will, for the foreseeable future, mean a 

costlier industry, not only for the electricity generation sector, but also for the wires companies 

that connect and serve load customers and, increasingly, renewable distributed generators as 

well. This is consistent with cost increases in other jurisdictions that have implemented 

ambitious conservation and demand management programs, as well as feed-in-tariff programs or 

renewable portfolio standards, see, e.g., Green and Yatchew (2012). While a distributor’s 

productivity growth in relation to its conventional electricity distribution activities may in fact 

be positive, the rapid and substantial introduction of new activities may offset those advances 

and, from an aggregate view, result in apparent negative productivity growth.  
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Thus, in the upcoming years, as energy regulators look to renew their regulatory frameworks, it 

will be important to ensure that, in the end result, distribution rates are not restricted 

inappropriately, as this could delay expenditures on vital infrastructure investments that would 

serve both new renewable generation and traditional load customers. Delaying expenditures in 

the short term can lead to higher overall costs in the longer term. Ensuring the timely planning 

of network investment and co-ordinating those investments with a view to the long term should 

be an expressed priority of any renewed regulatory framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

44 

 

References 

1. Abbott, M. (2006). The productivity and efficiency of the Australian electricity supply industry. 

Energy Economics, 28(4), 444-454. 

2. Arcos, A., & de Toledo, P. A. (2009). An analysis of the Spanish electrical utility industry: 

Economies of scale, technological progress and efficiency. Energy Economics, 31(3), 473-481. 

3. Australian Energy Regulator (2009a). Final Decision: Australian Capital Territory Distribution 

Determination, 2009 to 2014. Retrieved from www.aer.gov.au/sites/default/ files/ActewAGL 

%20final%20decision.pdf 

4. Australian Energy Regulator (2009b). Final Decision: New South Wales Distribution 

Determination, 2009 to 2014. Retrieved from http://www.aer.gov.au/sites/default/files/ 

NSW%20DNSPs%20final%20decision%2028%20April%202009.pdf 

5. Australian Energy Regulator (2010a). Final Decision: Queensland Distribution Determination, 

2010 to 2015. Retrieved from http://www.aer.gov.au/sites/default/files/ Queensland 

%20distribution%20decision%20-%20May%202010.pdf 

6. Australian Energy Regulator (2010b). Final Decision: South Australia Distribution 

Determination, 2010 to 2015. Retrieved from http://www.aer.gov.au/sites/default/ 

files/Final%20decision-%20SA%20distribution%20determination%202010-11%20to%202014-

15.pdf 

7. Australian Energy Regulator (2010c). Final Decision: Victorian Electricity Distribution Network 

Providers Distribution Determination, 2011 to 2015. Retrieved from http://www.aer.gov.au/ 

sites/default/files/Victorian%20distribution%20determination%20final%20decision%202011-20 

15%20%2829%20October%202010%29_0.pdf 



 

45 

 

8. Australian Energy Regulator (2012). Final Distribution Determination: Aurora Energy Pty Ltd, 

2010 to 2015. Retrieved from http://www.aer.gov.au/sites/default/files/Final%20distribution 

%20determination%20for%20Aurora%20Energy.pdf 

9. Bagdadioglu, N., Waddams Price, C. M., & Weyman-Jones, T. G. (1996). Efficiency and 

ownership in electricity distribution: a non-parametric model of the Turkish experience. Energy 

Economics, 18(1), 1-23. 

10. Bauer, P. W. (1990). Recent developments in the econometric estimation of frontiers. Journal of 

econometrics, 46(1), 39-56. 

11. Berndt, E. R., & Christensen, L. R. (1973). The translog function and the substitution of 

equipment, structures, and labor in US manufacturing 1929-68. Journal of econometrics, 1(1), 

81-113. 

12. Breiman, L. & Friedman, J. H. (1985). Estimating optimal transformations for multiple 

regression and correlations (with discussion). Journal of the American Statistical Association, 80 

(391): 580–619. 

13. Burns, P., & Weyman-Jones, T. G. (1996). Cost functions and cost efficiency in electricity 

distribution: A stochastic frontier approach. Bulletin of Economic Research, 48(1), 41-64. 

14. Caloghirou, Y. D., Mourelatos, A. G., & Thompson, H. (1997). Industrial energy substitution 

during the 1980s in the Greek economy. Energy Economics, 19(4), 476-491. 

15. Carroll, R. J., Fan, J., Gijbels, I., and Wand, M. P. (1997). Generalized partially linear single 

index models. Journal of the American Statistical Association, 92, 477-489. 

16. Christensen, L. R., & Greene, W. H. (1976). Economies of scale in U. S. electric power 

generation. The Journal of Political Economy, 84(4), 655-676. 



 

46 

 

17. Denny, M., & Fuss, M. A. (1977). The use of approximation analysis to test for separability and 

the existence of consistent aggregates. The American Economic Review, 404-418. 

18. Denny, M., Fuss, M. A., & Waverman, L. (1981), Substitution possibilities for energy: Evidence 

from US and Canadian manufacturing industries. In:  Berndt, E.R., & Field, B.C. (Eds.), 

Modeling and Measuring Natural Resource Substitution. Cambridge, MA: MIT Press. 

19. Denny, M., Fuss, M. & Waverman, L. (1981). The measurement and interpretation of total 

factor productivity in regulated industries, with an application to Canadian telecommunications. 

In: Cowing T. G., & Stevenson R. E. (Eds.), Productivity measurement in regulated industries, 

179-218. 

20. Diewert, W. E. (1978). Superlative index numbers and consistency in aggregation. 

Econometrica, 46(4): 883-900. 

21. Edvardsen, D. F., & Førsund, F. R. (2003). International benchmarking of electricity 

distribution utilities. Resource and Energy Economics, 25(4), 353-371. 

22. Estache, A., Tovar, B., & Trujillo, L. (2008). How efficient are African electricity companies? 

Evidence from the Southern African countries. Energy policy, 36(6), 1969-1979. 

23. Farsi, M., & Filippini, M. (2004). Regulation and measuring cost-efficiency with panel data 

models: Application to electricity distribution utilities. Review of Industrial Organization, 25(1), 

1-19. 

24. Farsi, M., Filippini, M., Plagnet, M. A., & Saplacan, R. (2010). The economies of scale in the 

French power distribution utilities. Mimeo. Centre for Energy Policy and Economics, Swiss 

Federal Institutes of Technology 

25. Filippini, M. (1996). Economies of scale and utilization in the Swiss electric power distribution 

industry. Applied Economics, 28(5), 543-550. 



 

47 

 

26. Filippini, M. (1998). Are municipal electricity distribution utilities natural monopolies? Annals 

of Public and Cooperative Economics, 69(2), 157-174. 

27. Førsund, F. R., & Kittelsen, S. A. (1998). Productivity development of Norwegian electricity 

distribution utilities. Resource and Energy Economics, 20(3), 207-224. 

28. Fuss, M. A. (1977). The demand for energy in Canadian manufacturing: An example of the 

estimation of production structures with many inputs. Journal of Econometrics, 5(1), 89-116. 

29. Giannakis, D., Jamasb, T., & Pollitt, M. (2005). Benchmarking and incentive regulation of 

quality of service: an application to the UK electricity distribution networks. Energy Policy, 

33(17), 2256-2271. 

30. Giles, D. E. A., & Wyatt, N. S. (1993). Economies of scale in New Zealand electricity 

distribution industry. In: P. C. B. Phillips (Ed.), Models, Methods and Application of 

Econometrics. Cambridge, MA. Blackwell. 

31. Goto, M., & Sueyoshi, T. (2009). Productivity growth and deregulation of Japanese electricity 

distribution. Energy Policy, 37(8), 3130-3138. 

32. Green, R., & Yatchew, A. (2012). Support schemes for renewable energy: an economic 

analysis. Economics of Energy & Environmental Policy, 1(2). 

33. Hastie, T. J., & Tibshirani, R. J. (1990). Generalized additive models (Vol. 43). CRC Press. 

34. Hattori, T., Jamasb, T., & Pollitt, M. (2005). Electricity Distribution in the UK and Japan: A 

Comparative Efficiency Analysis 1985-1998. Energy Journal, 26(2), 23-47. 

35. Henderson, J. S. (1985). Cost estimation for vertically integrated firms: The case of electricity. 

In: Crew, M. (Ed.), Analyzing the Impact of Regulatory Change in Public Utilities. Lexington, 

MA: Lexington Books. 



 

48 

 

36. Hjalmarsson, L., & Veiderpass, A. (1992). Productivity in Swedish electricity retail distribution. 

Scandinavian Journal of Economics, 94, Supplement, 193-205. 

37. Huettner, D. A., & Landon, J. H. (1978). Electric utilities: scale economies and diseconomies. 

Southern Economic Journal, 44(4), 883-912. 

38. Jamasb, T., & Pollitt, M. (2000). Benchmarking and regulation: international electricity 

experience. Utilities Policy, 9(3), 107-130. 

39. Jamasb, T., Nillesen, P., & Pollitt, M. (2004). Strategic behaviour under regulatory 

benchmarking. Energy Economics, 26(5), 825-843. 

40. Kaufmann, L., Hovde, D., Kalfayan, J., & Rebane, K. (2013a). Empirical research in support of 

incentive rate setting in Ontario: Report to the Ontario Energy Board. Pacific Economics 

Group Research, LLC. 

41. Kaufmann, L., Hovde, D., Kalfayan, J., & Rebane, K. (2013b). Productivity and benchmarking 

research in support of incentive rate setting in Ontario: Final report to the Ontario Energy 

Board. Pacific Economics Group Research, LLC. 

42. Kwoka Jr, J. E. (2005). Electric power distribution: economies of scale, mergers, and 

restructuring. Applied Economics, 37(20), 2373-2386. 

43. Meyer, R. A. (1975). Publicly owned versus privately owned utilities: A policy choice. The 

Review of Economics and Statistics, 57(4), 391-399. 

44. Mota, R. L. (2004). Comparing Brazil and US electricity distribution performance: What was 

the impact of privatisation? Mimeo. University of Cambridge. 

45. Nadaraya, E. A. (1964). On estimating regression. Theory of Probability & Its 

Applications, 9(1), 141-142. 



 

49 

 

46. Nelson, R. A., & Primeaux, W. J. (1988). The effects of competition on transmission and 

distribution costs in the municipal electric industry. Land Economics, 64(4), 338-346. 

47. Netherlands Authority for Consumers and Markets (2010). Decision: X-factors, Q-factors, and 

Volume Parameters for the Regional Electricity Grid, 5th Regulator Period. Retrieved from 

https://www.acm.nl/nl/publicaties/publicatie/3749/X-factoren-Q-factoren-en-Rekenvolumina-

voor-de-regionale-netbeheerders-elektriciteit-in-de-vijfde-reguleringsperiode-vastgesteld/ 

48. Neuberg, L. G. (1977). Two issues in the municipal ownership of electric power distribution 

systems. The Bell Journal of Economics, 8(1), 303-323. 

49. Office of Gas and Electricity Markets (2009). Electricity Distribution Price Control Review 

Final Proposals. Retrieved from https://www.ofgem.gov.uk/electricity/distribution-networks/ 

network-price-controls/distribution-price-control-review-5 

50. Ontario Energy Board (2013a). EB-2010-0379 Staff Report to the Board on Performance 

Measurement and Continuous Improvement for Electricity Distributors. 

51. Ontario Energy Board (2013b). EB-2010-0379 Draft Report of the Board on Empirical Research 

to Support Incentive Rate-setting for Ontario’s Electricity Distributors. 

52. Ontario Energy Board (2013c). EB-2010-0379 Report of the Board: Rate Setting Parameters 

and Benchmarking under the Renewed Regulatory Framework for Ontario’s Electricity 

Distributors. 

53. Pahwa, A., Feng, X., & Lubkeman, D. (2003). Performance evaluation of electric distribution 

utilities based on data envelopment analysis. Power Systems, IEEE Transactions on, 18(1), 400-

405. 

54. Pérez-Reyes, R., & Tovar, B. (2009). Measuring efficiency and productivity change in the 

Peruvian electricity distribution companies after reforms. Energy Policy, 37(6), 2249-2261. 



 

50 

 

55. Pombo, C., & Taborda, R. (2006). Performance and efficiency in Colombia's power distribution 

system: effects of the 1994 reform. Energy Economics, 28(3), 339-369. 

56. Ramos-Real, F. J., Tovar, B., Iootty, M., de Almeida, E. F., & Pinto Jr, H. Q. (2009). The 

evolution and main determinants of productivity in Brazilian electricity distribution 1998–2005: 

an empirical analysis. Energy Economics, 31(2), 298-305. 

57. Resende, M. (2002). Relative efficiency measurement and prospects for yardstick competition in 

Brazilian electricity distribution. Energy Policy, 30(8), 637-647. 

58. Roberts, M. J. (1986). Economies of density and size in the production and delivery of electric 

power. Land Economics, 62(4), 378-387. 

59. Robinson, P. M. (1988). Root-n-consistent semiparametric regression. Econometrica, 56(4), 931-

54. 

60. Salvanes, K. G., & Tjotta, S. (1998). A test for natural monopoly with application to Norwegian 

electricity distribution. Review of Industrial Organization, 13(6), 669-685. 

61. Scarsi, G. (1999). Local electricity distribution in Italy: Comparative efficiency analysis and 

methodological cross-checking. Mimeo. Oxford University. 

62. Scully, G. W. (1999). Reform and efficiency gains in the New Zealand electrical supply industry. 

Journal of Productivity Analysis, 11(2), 133-147. 

63. See, K. F., & Coelli, T. J. (2009). The effects of competition policy on TFP growth: Some 

evidence from the Malaysian electricity supply industry. Mimeo. University of Queensland, 

School of Economics. 

64. Utilities Commission of the Northern Territory (2009). Final Determination Networks Pricing: 

2009 Regulatory Reset. Retrieved from http://www.utilicom.nt.gov.au/ PMS/Publications/ 

2009RegulatoryReset_Final%20Determination%20FINAL%20_with%20 corrections_.pdf 



 

51 

 

65. Vaninsky, A. (2006). Efficiency of electric power generation in the United States: analysis and 

forecast based on data envelopment analysis. Energy Economics, 28(3), 326-338. 

66. Watson, G. S. (1964). Smooth regression analysis. Sankhyā: The Indian Journal of Statistics, 

Series A, 359-372. 

67. Weyman-Jones, T. G. (1991). Productive efficiency in a regulated industry: The area electricity 

boards of England and Wales. Energy Economics, 13(2), 116-122. 

68. Wood, S. (2006). Generalized additive models: an introduction with R. CRC press. 

69. Yatchew, A. (2000). Scale economies in electricity distribution: A semiparametric analysis. 

Journal of applied Econometrics, 15(2), 187-210. 

70. Yatchew, A. (2000). Scale economies in electricity distribution: A semiparametric analysis. 

Journal of applied Econometrics, 15(2), 187-210. 

71. Yatchew, A. (2003). Semiparametric regression for the applied econometrician. Cambridge 

University Press. 

72. Yatchew, A. (2013). Defining and Measuring Performance of Electricity Distributors.  

Submission to the Ontario Energy Board on behalf of the Electricity Distributors Association. 

73. Yatchew, A., & No, J. A. (2001). Household gasoline demand in Canada. Econometrica, 69(6), 

1697-1709. 

74. Yatchew, A., Sun, Y., & Deri, C. (2003). Efficient estimation of semiparametric equivalence 

scales with evidence from South Africa. Journal of Business & Economic Statistics, 21(2), 247-

257. 

75. Yu, W., Jamasb, T., & Pollitt, M. G. (2007). Incorporating the price of quality in efficiency 

analysis: The case of electricity distribution regulation in the UK. Mimeo. University of 

Cambridge  



 

52 

 

76. Zellner, A. (1962). An efficient method of estimating seemingly unrelated regressions and tests 

for aggregation bias. Journal of the American Statistical Association, 57(298), 348-368. 

77. Zhou, P., Ang, B. W., & Poh, K. L. (2008). A survey of data envelopment analysis in energy 

and environmental studies. European Journal of Operational Research, 189(1), 1-18. 


