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ABSTRACT 

Currently, electricity markets around the world are being reformed to provide more 

competition in generation and more options and alternatives for customers to choose 

electricity supplier from various generating companies. Therefore, identification of 

customer needs is the biggest challenge for those companies. Our study addresses this issue 

for the New Brunswick electricity market via hedonic price approach – one of the most 

popular revealed preferences methods. According to this approach, the price of electricity 

is viewed through its attributes which are divided into four groups: economic, technical, 

social and environmental. Our empirical analysis has shown that demand side determinants 

of electricity are as significant as supply side. In addition to traditional determinants such 

as household income and technical characteristics, environmental and climate variables 

have also a significant influence on electricity prices which calls for the design of new 

electricity products. 
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Chapter 1. Introduction 

Electricity markets around the world are being deregulated to provide more opportunities 

and alternatives to customers. Canada is not an exception. Already millions of residential, 

small industrial and large industrial customers have an opportunity to choose among 

electricity providers.  

Under competition, in order to attract more customers, the biggest challenge for electricity 

providers is to reveal consumers’ preferences in the most accurate way. They should offer 

a special combination of electricity characteristics for each customer. For instance, usually 

iron and steel industries have low demands on voltage deviation and fluctuation, but have 

a high demand on system average interruption frequency index, while electronic industries 

have higher expectations on voltage sags. One of the possible ways to identify customers’ 

needs is to use the hedonic price approach. In general, this approach treats goods as a 

bundle of certain measurable and observable characteristics that influence total price of a 

commodity. 

In this study, we apply a hedonic regression to examine the influence of consumers’ 

preferences on electricity prices in the province of New Brunswick. The purpose of our 

analysis is to identify significant determinants of electricity prices for residential and large 

industrial customers. Knowing this leads to understanding the significance of electricity 

characteristics for customers and forming electricity prices as a bundle of significant 

attributes. 

This report has a following structure. Chapter 2 is dedicated to discussion of recent 

literature related to the hedonic price approach, electricity markets and factors which 
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influence electricity prices. The created methodology is presented in Chapter 3. 

Particularly, our methodology is designed to estimate impacts of consumer preference 

determinants on electricity prices for two types of customers: residential and large 

industrial. In Chapter 4, we present information about data and detailed estimated results 

with description. Chapter 5 includes conclusions and suggested directions of further 

estimations.  
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Chapter 2. Literature Review 

For many decades, electricity markets have been considered as a vertically integrated 

monopoly due to production structure as well as the existence of economies of scale and 

economies of scope. It is necessary to point out that there are three major components of 

electricity supply: generation (the process of producing electricity at power stations), 

transmission (the process of electricity transportation over long distances with high 

voltage) and distribution (the process of electricity transportation over short distances to 

consumers with reduced voltage). In general, vertical integration means a fully integrated 

service when all of the above components are owned and operated by the same provider.  

The notion of "economies of scale" is associated with decreasing average and marginal 

costs of production, with an increase in a firm’s output. Clark and Leach (2005) point out 

that firms with large economies of scale, no matter how much they produce, are usually 

associated with natural monopolies. The notion of "economies of scope" in electricity 

markets means that a single firm can provide the whole set of products within a fully 

integrated network more efficiently than the firms which specialize in each service. 

Therefore, the concept of “vertically integrated monopoly” implies that electricity is 

produced by a single firm which owns all prices of electricity network and provides a 

bundle of electricity services (Borenstein and Bushnell, 2015).  

Shen and Yang (2012) admit that under monopoly structure, a company (or a government 

agency) controls and operates the whole electricity network that includes generation, 

transmission, and distribution within a certain region forming the so-called public utility. 

That is why all products associated with generation and delivery of electricity to customers 
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were previously combined in a vertically integrated system of supply. In such a system, 

customers would receive a bundle of products provided by the monopolist without access 

to individual services.  

Traditionally, vertically integrated monopolies in electricity markets are associated with 

supply side analysis. On the other hand, many studies have been done in order to investigate 

the demand side of electricity markets. Bernstein and Griffin (2005), Paul, Myers and 

Palmer (2009), Bilgili, Pamuk and Tülüce (2010) and many others claim that the demand 

of electricity is mostly inelastic. In this regard, electricity must be treated as a necessity 

good which means that under monopoly customers have no alternatives except to accept 

the offered monopolistic price as well as a bundled service.  

Under vertically integrated monopoly, a pricing method used is called the cost of service 

regulation, which means total control over terms and conditions of exchange is dictated by 

an electricity firm, especially, with respect to prices and returns. Based on the cost of 

service regulation, a monopolist is allowed to charge a price that covers its total costs but 

no economic profit is allowed. The most important feature of the cost of service regulation 

policy is reliance on the average cost pricing principle rather than on the marginal cost 

pricing principle of a competitive market (Hogan, 1993; Clark and Leach, 2005).  

According to economic theory, high competition is a desirable property of a market which 

drives a market price to marginal costs and leads to the most efficient resource allocation. 

The process of price formation in a competitive market and in a vertically integrated 

monopoly is totally different. Over time, competition produces the most efficient outcome 

with the least costs for providers and the lowest price for consumers. Hogan (1993) 

emphasizes that the concept of a competitive market contradicts both bundled 
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goods/services and the average-cost pricing principle. In a competitive market with 

bundled services, new firms (entrants) have an incentive to provide various components of 

a service separately, and those components can be offered to customers at competitive 

prices. Starting with bundled products at average-cost prices, the nature of competition in 

a market pushes new entrants to serve customers and provide unbundled products at a price 

less than that based on the average cost principle. At the same time, for a firm to be 

profitable and stay in the market, the price cannot be below its marginal cost, and absence 

of barriers for new entrants would prevent the price from being far above the marginal cost. 

Thus, based on Hogan’s conclusion, a competitive market leads to unbundling until all 

goods and services are provided at their marginal cost. In other words, this argument is 

related to the economic statement that in the competitive equilibrium suppliers must 

provide products at the least cost to meet consumer demand. A competitive market is 

efficient only with unbundled products and the marginal-cost pricing principle. From an 

economic point of view, the individual goods and services in electricity markets must be 

unbundled at least to some extent (Hogan, 1993).  

Electricity sectors around the world are being reformed to provide more opportunities and 

alternatives to customers. As a result, restructuring of the electricity markets bring more 

efficiency, namely reduction in both production costs and retail prices (Su, 2015).   

According to Shen and Yang (2012), one of the most important goals of the reforms in 

electricity markets is to break down the former vertically integrated monopoly into separate 

units. With development of new technologies, competition is being implemented in 

generation, but transmission and distribution remain natural monopolies under regulation 

to protect customers from monopolistic behavior.  
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According to Borenstein and Bushnell (2000), any competition in transmission and 

distribution would lead to inefficiency from engineering and economic points of view, 

because rival firms must duplicate one another’s transmission network. In addition, if 

electricity networks were owned by different providers, there would be numerous 

challenges, in a physical sense: for instance, the flow of electricity in one line would 

influence the entire system to transmit electricity to consumers.  

On the other hand, in the past the process of electricity generation was heavily criticized as 

being a natural monopoly due to large economies of scale (Borenstein and Bushnell, 2000). 

In addition, the absence of the economies of scope was also observed at generation plants, 

and due to long distances of electricity transmission, significant electricity losses occurred. 

Nonetheless, the most efficient solution at that time was to have one or a small number of 

generating plants in specific geographical areas. Nowadays, due to technological 

innovations, electricity generation industries are open for competition in many countries, 

where consumers can choose a power generating supplier. Individuals who do not choose 

one are assigned a “default” company with a certain electric price schedule, usually from 

an incumbent distribution company.  

Meehan and Olson (2008) point out that under high competition, electricity prices reflect 

interaction of demand and supply, and customers have an opportunity to choose an option 

that better corresponds to their individual preferences (needs). Under a vertically integrated 

monopoly with the cost of service regulation, customers are tied to a long-term obligation 

to support the existing generating investment.  

As already known, competition facilitates the most efficient means of production. Meehan 

and Olson (2008) in their study describe potential benefits for customers under competition 
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compared to the traditional cost of service regulation in electricity markets. The most 

important benefits are as follows: 

- competition offers customers choices to address long-term risks, environmental 

concerns and technological issues such as reliability levels; 

- under competition a customer has an opportunity to choose any other electrical 

generating company if the current one increases its price: competition shifts 

financial risks from customers to investors; 

- competitive environment stimulates providers to adapt their services to customers’ 

needs. 

One of the most significant features of a competitive electricity generation market is that 

investment decisions are made by investors with respect to customer preferences. Investors 

take all the risks associated with those decisions (Clark and Leach, 2005). 

In a more competitive environment, where customers face market prices, electricity 

providers in many cases offer various sets of services to satisfy their customers. This is a 

very significant difference between the cost of service regulation and free market, since in 

the latter customers have higher control over what they consume and what they pay 

(Meehan and Olson, 2008). 

Under higher competition, in order to attract more customers, electricity providers compete 

with each other. They monitor electricity markets trying to create a unique product of 

electricity services that would totally satisfy a potential consumer. That is why the biggest 

challenge for electricity providers currently is to reveal customers’ needs in the most 

accurate way in order to combine electricity services in sets which reflect customers’ 

preferences the most. In this regard, each consumer’s need must be estimated. One possible 
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way to do so is through revealed preferences methods in general and the hedonic price 

approach in particular.   

The history of the hedonic price approach began in the 1920s, when agricultural economists 

started to explain prices of land, agricultural crops, etc. by regressing them on their 

attributes (Colwell and Dilmore, 1999). The most well-known paper of that time is 

Waugh’s (1928) paper, where the author regresses prices of different types of asparagus on 

their characteristics. He found that people wanted green asparagus in a certain geographical 

area.  

The first explicit application of the hedonic price approach was made by Lancaster (1966) 

in his consumer theory. He put forward an idea that the consumer theory existed at that 

moment was insufficient, and it should be modified. Lancaster (1966) points out that 

consumers do not obtain utility from consuming products. They get utility from the certain 

attributes that a specific product possesses. According to the Lancaster’s interpretation of 

the consumer theory, “the essence of the new approach can be summarized as follows, each 

assumption representing a break with tradition:  

1. The good, per se, does not give utility to the consumer; it possesses 

characteristics, and these characteristics give rise to utility.  

2. In general, a good will possess more than one characteristic, and many 

characteristics will be shared by more than one good.  

3. Goods in combination may possess characteristics different from those 

pertaining to the goods separately.”  

Rosen (1974) explicitly formulated a theory behind the hedonic price approach based on 

the housing market. The main idea behind his theory is that heterogeneous goods could be 
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described by their measured attributes. Observed product prices and the specific amounts 

of characteristics associated with each good define a set of implicit or “hedonic” prices 

(Rosen, 1974). He combined Lancaster’s approach with a feasible econometric procedure 

of the hedonic price method to identify market equilibrium. Rosen created a model in which 

households’ willingness to pay was estimated with respect to change in natural resources. 

In this context, the hedonic price approach was used to assess the economic benefits of air 

quality in the housing market.   

Nowadays, the hedonic price approach is widely applied in different areas: the housing or 

real estate market, car market, agriculture, climate change models, electricity markets,  etc. 

This method is the most commonly used in the housing market to assess people’s 

preferences in location features and building characteristics when they make their decisions 

(Palmquist and Smith, 2002).  

Palmquist and Smith (2002) state that environmental issues, such as air pollution, water 

pollution, and hazardous waste are a source of concern for many people. In this regard, 

they are willing to pay a higher price for locations with clean environment.  

A complex research was conducted by Kiel and McClain (1995) who analyzed a related 

environmental problem, the siting, construction, and operation of a hazardous waste 

incinerator. The hedonic price approach was used to estimate property values in five time 

periods from before the site was announced to after it had been working some years. 

According to the results, property values remain unchanged before the location is 

announced or during the announcing stage. However, property values rise significantly 

with the distance from the plant, during construction and the beginning of operation. Then, 

after several years of operation, the effect is reduced in magnitude, but it is still significant. 
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One of the biggest challenges in any electricity sector is to find locations for new power 

plants due to persistently growing electricity consumption. Usually, local communities try 

to prevent construction of a power plant in their neighborhood, because power plants are a 

source of numerous negative consequences of operation, such as pollution and noise.  Davis 

(2011) examines housing and rental prices for regions where power plants were launched, 

using the hedonic price approach. The results show an expected decrease in housing and 

rental prices by 4-7 percent within two miles of a power plant. Moreover, Davis (2011) 

points out that “power plant openings are associated with statistically significant decreases 

in mean household income, educational attainment, and the proportion of homes that is 

owner-occupied. These changes are consistent with taste-based sorting in which 

willingness-to-pay to avoid living near a plant varies across households.” In addition, the 

author’s analysis “indicates that within two miles of plants the proportion of homes that is 

owner-occupied decreases by 2 to 5 percentage points compared to a mean of 68 percent.” 

As was described above, electricity markets are being deregulated over the world which 

implies more competition in generation. All electricity consumers are allowed to purchase 

electricity from different generation companies, based on their own preferences. Zhou, Li 

and Li (2008) use the hedonic price approach to reveal basic consumers’ preferences in 

China. A new pricing method which reflects consumers’ needs in electricity characteristics 

is one of the most important issues after deregulation. The authors state that “the current 

electricity pricing system for large consumers in China is ‘two-part electricity pricing’, 

which considers excessively about cost recovery, but ignores electricity as a kind of 

heterogeneous products.” Having identified the problem, Zhou, Li and Li (2008) put 

forward a new pricing approach for large consumers, based on three groups of electricity 
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characteristics: production costs, power quality and reliability. In their opinion, since 

different industries have different requirements for those characteristics, a provider should 

propose electricity as a good with various sets of power attributes.  

Using the hedonic price approach in its linear form, Zhou, Li and Li (2008) estimate 

electricity prices for eight large consumers in China. The ultimate goal of the paper is to 

optimize resource allocation, imposing hedonic prices which reflect large consumers’ 

preferences for electricity. Comparing the hedonic price method and the “two-part 

electricity price” method, the authors obtain the following conclusions: 

1. “For large consumers, the fee of purchasing electricity should not be only based on 

its consumed electricity energy, but also on its required characteristics.” 

2. “To those users with different levels of electricity characteristic demands, 

electricity prices are different.” 

Zhou, Li and Li (2008) admit that finding the most accurate electricity prices for large 

consumers is the biggest challenge. The electricity market in China needs a new pricing 

concept in order to allocate financial resources in the most efficient way.  

Nowadays, electricity can be treated as a heterogeneous good with some specific attributes 

for residential, small industrial and large industrial customers which maximize their own 

utility. Hence, the hedonic pricing method can be applied to price electricity. This method 

is relatively straightforward and uncontroversial to use, because it is based on actual 

electricity prices and measured data, and allows us to include as many explanatory groups 

of variables (data) as needed. The effects of different electricity characteristics on the price 

can be estimated which leads to understanding the significance of those characteristics for 

customers and to forming electricity prices as a bundle of significant attributes.  
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The most recent study has been done by Sahin and Yevdokimov (2016). In their opinion, 

many approaches “ignore social and environmental characteristics associated with 

electricity.” To embrace all sides of electricity as a product, authors use a hedonic 

regression which consists of four independent groups of variables (economic, social, 

technological and environmental) and dependent variable – total willingness to pay for 

electricity by consumers. They state that such methodology helps design a new business 

model for energy products.  
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Chapter 3. Methodology 

As stated above, this study is aimed to show that the demand side of the New Brunswick 

electricity market is as important as the supply side using the hedonic price approach.  

Application of the hedonic price approach is done through a hedonic regression. However, 

before proceeding with the analysis, it is necessary to clarify some terminology. First of all, 

by the concept of “customers’ preferences (or needs)” in the theoretical context we mean 

“independent variables (or factors)” in the econometric sense. Hence, the key point to be 

addressed in this study is identification of the independent variables that have a significant 

impact on electricity prices. 

The modern view of the hedonic price approach comes from the utility theory developed 

by Lancaster (1966) and expanded by Rosen (1974). Nowadays, this approach is a powerful 

tool in many practical applications. The hedonic price approach states that products are 

heterogeneous, and they can be expressed through their attributes or characteristics. In 

other words, the hedonic approach treats goods as bundles of certain measurable and 

observable characteristics that influence consumers’ total utility and eventually market 

price of a commodity. Any good’s attribute corresponds to a price index or an implicit price 

which affects the total price of a commodity. The hedonic price approach implies that the 

product price is the sum of its price indexes. The relationship between product price P and 

its attributes ki can be expressed as: 

P=h(k1, k2, … ki),     (3.1) 
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where h is a hedonic function. By calculating a partial derivative of the hedonic function 

with respect to each attribute, the corresponding implicit price of those attributes can be 

obtained: 

𝑃𝑖 =
 𝑃

 𝑘𝑖
     (3.2) 

The starting point of using this approach empirically is to resolve two issues (Barzyk, 1999):  

(i) choice of product attributes and explanatory variables which should be included 

in the hedonic regression; 

(ii)  choice of a functional form of the regression.  

In order to address the above two issues, we need to identify statistically significant 

variables influencing electricity prices as well as dataset that will be used to do empirical 

work. In this study, all variables/factors are combined in four basic groups: 

- economic group; 

- social group; 

- technological group; 

- environmental group. 

The first group of factors, economic group, reflects two key properties: wealth of people 

in the province of NB and financial situation of electricity generating company (NB 

Power). Overall, this group includes the following variables: ‘GDP’, ‘provincial CPI’, 

‘household disposable income per capita’ and ‘net earnings (losses) of NB Power’. 

The second group of factors, social group, is mostly associated with the profile of 

consumers of electricity in NB. This group of variables consists of ‘population in NB’, 
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‘residential customers of NB Power’, ‘total customers of NB Power’, and ‘unemployment 

rate in NB’. 

Generally speaking, the economic and social groups reflect demand and supply sides 

determinants of the existing electricity market. However, this is not a complete set of 

determinants of electricity prices. 

Zhou, Li and Li (2008) have shown that electricity technological characteristics play a 

significant role in electricity prices, especially, for large industrial customers. Authors state 

that including electricity technological characteristics in the hedonic regression makes it 

statistically more powerful. Therefore, the technological group of factors has been created 

and included in this study. The most commonly used of them are ‘system average 

interruption duration index’ (or SAIDI) and ‘system average interruption frequency index’ 

(or SAIFI). These technological factors are used as a reliability characteristic of electricity 

showing the average number of interruptions that a customer would experience, and 

average outage duration during a year. 

The last group of factors, environmental group, reflects the consumers’ willingness to pay 

for environmental amenities. For instance, Roe, Teisl, Levy and Russell (2001) estimate 

consumers’ willingness to pay for environmental attributes in an electricity market. Their 

study shows that “a wide array of population segments is willing to pay small amounts for 

tangible improvements in air emissions even if no alteration of power generation sources 

take place”. Hence, the environmental group of variables has been included in the hedonic 

regression of this analysis.  

According to information from NB Power specialists, the most significant and harmful 

emissions during electricity generation are associated with the following components: CO2, 
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SO2 and NOx. Therefore, the environmental group of variables consists of ‘emissions of 

CO2’, ‘emissions of SO2’, ‘emissions of NOx’ and ‘average annual temperature’. The 

‘average annual temperature’ variable should be introduced in the model because it reflects 

a seasonal component of electricity generation and consumption.  

Another important part of any regression in general and hedonic regression in particular is 

sample size. It appears to be that some specific variables did not exist prior to 1991. That 

is why sample size for this analysis was chosen from 1991 to 2013, annual data.  

To summarize the above, mathematically the hedonic regression model can be introduced 

as  

                                                   Pt = F (Et, St, Tt, Ent)                                                      (3.3)  

where Pt is the current electricity price in year t; Et is a vector of economic variables in 

year t; St is a vector of social variables in year t; Tt is a vector of technological variables in 

year t; Ent is a vector of environmental variables in year t.  

The last key issue of the hedonic regression (3.3) is its functional form. Zhou, Li and Li 

(2008) performed their analysis assuming a linear functional form between electricity 

prices and electricity technological characteristics. Having estimated the hedonic 

regression, Zhou, Li and Li (2008) conclude that “dependent variable and independent 

variables have a linear relation” because of a high value of the adjusted R2.  

In this analysis, a linear functional form of the hedonic regression is assumed between 

electricity prices and all explanatory variables. Justification of the linear specification can 

be seen via its obvious advantages (Barzyk, 1999): 

- the linear functional form of a regression is straightforward and non-trivial (hence, 

it is convenient to work with); 
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- the linear functional form allows us to estimate an implicit price (in a form of 

coefficients) of each variable in the hedonic regression; 

- easy to estimate statistically. 

Barzyk (1999) admits that linear specification is commonly used in hedonic theory because 

this type of specification is easy to estimate and interpret. On the other hand, the non-linear 

specification is more advanced but requires much more time to work with, more data and 

more sophisticated estimations.  

On the other hand, the biggest advantage of the non-linear hedonic regression is that it 

produces a derived demand associated with each variable (attribute) rather than a numerical 

value of an implicit price. Knowing the derived demand of each characteristic would allow 

us to perform a deeper and more complex analysis which is not a purpose of this particular 

study. 
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Chapter 4. Data description and Estimation 

According to our methodology, we estimated impacts of different factors on both 

residential and large industrial rates. In all our models, electricity price is a dependent 

variable. However, to perform more robust econometric estimation, two groups of 

consumers were analyzed – households (or residential customers) and large industrial 

customers. In this regards, electricity prices were presented by residential and large 

industrial rates. 

The analysis starts with estimation of a time series model using the hedonic regression with 

residential rates as a dependent variable and four groups of independent variables: 

economic, social, technological, and environmental. As a result of estimation, an 

independent variable that has a statistically significant impact on residential rates is the 

household disposable income.  

Using a correlation matrix, we addressed the problem of multi- and perfect collinearity and 

identified a particular set of independent variables, which was used in the hedonic 

regressions for both residential and large industrial rates. The estimated results showed that 

each group of factors has a certain impact on electricity prices. Another reason to use 

correlation matrix is to reduce the number of independent variables due to small time 

period.  

Further, panel data analysis was conducted to assess the significance of independent 

variables for residential and large industrial customers and to identify a specific impact on 

each customer.  
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This chapter consists of three sections. First section includes information about data: 

sources of information and main challenges associated with the data collection. Estimation 

procedure based on developed methodology is described in section two. The obtained 

results are also included in section two. Finally, last section presents summary of obtained 

results and provides a general overview of estimation outcomes and their implications.  

4.1 Data description 

As mentioned above, four groups of independent variables are used to estimate an impact 

on electricity prices. However, only technological and environmental groups reflect 

determinants of consumers’ preferences. Other groups contain traditional determinants of 

electricity prices (or control independent variables). Data description and sources of 

information are presented below. 

4.1.1. Vector of economic variables 

Gross domestic product: the data on nominal values of provincial GDP in NB was obtained 

from Statistics Canada, CANSIM Table 384-0037. Nominal values of GDP are converted 

into 2007 constant dollars using the consumer price index (CPI): 

GDP2007=GDPactual/CPI2007. 

In order to obtain gross domestic product per capita, the following approach is used: 

GDP2007 per capita = GDP2007/Population   (4.1) 

where population is a social variable.  

Consumer Price Index is from CANSIM Table 326-0021 “Consumer Price Index annual 

(2002 = 100)”. In order to be consistent with other variables, the year 2007 is the base year 

for the index (2007=100%) through the conversion: 
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𝐶𝑃𝐼𝑡
2007 =

𝐶𝑃𝐼𝑡

𝐶𝑃𝐼2007
×100%,    (4.2) 

where 𝐶𝑃𝐼𝑡
2007is the CPI in year t, based on 2007 year; CPIt is the CPI in year t, based on 

2002 year.  

Household disposable income per capital (HDI): the nominal data was taken from 

Statistics Canada, CANSIM Table 384-5000. Nominal values were converted into real 

values (2007) using the consumer price index (CPI): HDI2007=HDIactual/CPI2007 

Net earnings (losses) of NB Power: the data was obtained from NB Power’s Annual 

Reports for the years 1991-2013. Nominal values of net earnings (losses) were recalculated 

to get real values (2007) using the consumer price index. 

4.1.2. Vector of social variables  

Population in NB: the data was provided by Statistics Canada, CANSIM Table 051-0005.  

Residential customers of NB Power: the data was obtained from NB Power’s Annual 

Reports, 1991-2013. 

Total customers of NB Power: the data was obtained from NB Power’s Annual Reports, 

1991-2013. 

Unemployment rate in NB: the data was taken from Statistics Canada, CANSIM Table 282-

0086.  

4.1.3. Vector of technological variables  

SAIDI and SAIFI: the data from 2004 to 2013 was obtained directly by sending a request 

to NB Power. According to the request, information prior 2003 does not exist. To generate 

data for the years 1991-2003 the following approach has been used 
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𝑆𝐴𝐼𝐷𝐼𝑡(𝑆𝐴𝐼𝐹𝐼𝑡) = 𝑎0 + 𝑎1 ∗ 𝑡𝑟𝑒𝑛𝑑𝑡 + 𝑒𝑡,   (4.3) 

where SAIDIt(SAIFIt) – system average interruption duration index (system average 

interruption frequency index) in a year t; a0, a1 – coefficients; trendt  - a linear time trend 

for the period 1991-2003; et  - a stochastic component generated randomly within a 

standard deviation of the existing data of SAIDI and SAIFI (2004-2013). 

Load factors: the data from 1991 to 2013 was obtained directly from NB Power. 

4.1.4. Vector of environmental variables  

Average annual temperature: annual average air temperature was constructed by using 

Environment and Natural Resources of Canada  

(http://climate.weather.gc.ca/historical_data/search_historic_data_e.html) 

Emissions of CO2, SO2 and NOx: the data was obtained directly from NB Power.  

4.1.5. Dependent variables  

Residential and large industrial rates: the data from 1991 to 2013 was obtained directly 

from NB Power. Nominal values of these rates were converted into 2007 constant dollars 

using the CPI. 

  

All required data has been collected for the hedonic regressions including the independent 

variables (electricity prices) and dependent variables (four groups of variables). Therefore, 

the next step can be performed: model estimation based on time series and panel data 

analysis. 

 

http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
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4.2 Time series analysis 

In this analysis, natural logarithm transformation has been applied to almost all 

independent variables (except unemployment rate, load factor and net earnings/losses of 

NB Power). Logarithmically transformed variables in a regression is a common way to 

improve situation where a non-linear relationship exists between independent and 

dependent variables. Therefore, this approach can help linearize and stabilize the series. In 

terms of economics, regression coefficients in a log-log model represent elasticities which 

reflect percentage change in dependent variable due to a percentage change in independent 

variable. Descriptive statistics of the dataset are calculated using STATA and shown below 

in Table 4.1. 

Table 4.1. Descriptive statistics of variables 

Variable Mean Standard Deviation Min Max 

Economic Group 

GDP (real 2007), $ 24670.83 3527.993 18473 29221 

GDP per capita (real 

2007), $ 

32871.63 4658.138 24766.52 38653.6 

Provincial CPI (2007) 90.76522 11.80957 75.3 110.5 

Household disposable 

income per capita, $ 

19357.33 4667.499 13361.6 27454.3 

Net earnings (losses) of 

NB Power, $ 

-6744692 1.18e+08 -4.23e+08 1.73e+08 
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Social Group 

Population 750393 3167.203 744944 756915 

Residential customers of 

NB Power 

286896.1 21648.44 249639 319102 

Total customers of NB 

Power 

356349.2 23622.78 316071 394585 

Unemployment rate in 

NB 

10.53478 1.554644 7.5 13 

Technological Group 

SAIDI* 4.321273 0.6496103 3.167 5.18 

SAIFI* 2.197727 0.2707697 1.667 2.548 

Load factor, % 55.9087 3.231509 49.2 60.8 

Environmental Group 

Emissions of CO2, 

kilotons  

6788.174 2165.496 2880 9950 

Emissions of SO2, 

kilotons 

64.88164 42.41544 4.52 149.44 

Emissions of NOx, 

kilotons 

17.3283 7.465974 5.34 29.26 

Average annual 

temperature, 0C 

5.626087 0.8539839 4.2 7.2 

Dependent Variables 



 

24 

 

Residential rate, cents 6.722174 1.920123 4.46 10.05 

Large industrial rate, 

cents 

3.72 0.6903951 2.77 4.85 

* the descriptive statistics of SAIDI and SAIFI were calculated for existing data from 2003 to 2013.  

 

The next step is to examine the time series data for the presence of a unit root process using 

the Dickey-Fuller test for each series. In this study, simple Dickey-Fuller test was used due 

to short time series; the results of this test are presented in Appendix I. This test showed 

that most time series, except “net earnings (losses) of NB Power”, “average annual air 

temperature”, “SAIDI”, and “SAIFI”, contain a unit root process meaning that our 

variables are integrated of order one, I(1). The inclusion of I(1) series in a regression might 

cause spurious results as regression might reflect the unit root process among variables 

rather than explaining genuine relationships among them. In some cases, the first difference 

should be applied to get a stationary process which is series integrated of order zero, I(0). 

However, Wooldridge (2012) points out that an integrated of order one process can be 

either trend-stationary or difference-stationary.  

According to Wooldridge (2012), a trend-stationary process (TSP) is “stationary about its 

time trend, as well as weakly dependent”. On the other hand, a difference-stationary 

process (DSP) is “a time series sequence that is I(0) in its first differences”. Maddala and 

Kim (1998) state that “if the time series is DSP and we treat it as TSP, this is a case of 

underdifferencing. If the time series is TSP, but we treat it as DSP, we have a case of 

overdifferencing”. They point out that both cases are associated with adding “a serious 

error” to a model. Therefore, different methods should be applied to obtain stationary 
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series: the first difference refers to DSP while inclusion of a time trend is relevant for a 

TSP (Wooldridge, 2012).  

In our analysis, the time series variables obviously reflect a trending behavior, which means 

that these variables should be treated as TSP. In addition, we expect the data has long 

memory meaning it contains the long-lasting deterministic component. Differencing of our 

series would eliminate the long-memory process which might lead to incorrect 

interpretation of our results. Based on the above, the problem of trend-stationary data is 

solved by incorporating a deterministic linear trend to capture potential common 

relationships among variables. 

Econometrically, the hedonic regression can be defined by the following expression: 

PEt =0 + 1∙Et + 2∙St + 3∙Tt +4∙Ent+et ,   (4.4) 

where PEt – electricity prices in a year t; 

 Et – a vector of economic variables in a year t; 

 St – a vector of social variables in a year t; 

 Tt – a vector of technological variables in a year t; 

 Ent – a vector of environmental variables in a year t; 

 1…4 – vectors of parameters to be estimated; 

 et – an error term (unobserved factors) in a year t.  

As our initial step, we included all independent variables listed in Table 4.1 in the hedonic 

regression using residential rates as a dependent variable. In order to address the issues 

related to autocorrelation and heteroscedasticity, the OLS method with the robust standard 

error was applied to estimate the hedonic regression using STATA statistics software. The 

estimation results are summarized in Table 4.2. 



 

26 

 

Table 4.2. Results of regressing residential rates on all independent variables 

Sample: 1991 – 2013. Total observations: 23 

Variable in STATA 

(variable) 
Coefficient Robust Std. Err. t-statistic p-value 

constant 
-35.5 59.71484 -0.59 0.569 

lngdppc 

(GDP per capita) 

-1.344125 1.521956 -0.88 0.403 

lnhdi 

(household disposable 

income per capita) 

3.13217 0.7837163 4.00 0.004 

ne (Net earnings or losses 

of NB Power) 

1.44e-11 8.29e-11 0.17 0.866 

lnrc (residential customers) 
3.117117 3.498874 0.91 0.391 

lntc (total customers) 
-1.6343 4.127417 -0.40 0.702 

ur (unemployment rate) 
-0.0047621 0.0341472 -0.14 0.893 

lnsaidi (SAIDI) 
-0.0214916 0.0990856 -0.22 0.834 

lnsaifi (SAIFI) 
-0.1160302 0.101924 -1.14 0.288 

lf (load factor) 
-0.0001722 0.0057632 -0.03 0.977 

lneco2 (emissions of CO2) 
0.3160987 0.1478974 2.14 0.065 

lneso2 (emissions of SO2) 
-0.0903457 0.0860439 -1.05 0.324 

lnenox (emissions of NOx) 
-0.1422137 0.1204215 -1.18 0.272 

lnt (average annual 

temperature) 

-0.0785967 0.0776772 -1.01 0.341 

year (time trend) 
-0.0332585 0.0430897 -0.77 0.462 

R-squared  0.9809 
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It is a well-known fact from economic theory that the household disposable income is a 

significant determinant of a commodity’s price: people with higher household disposable 

income can afford to pay more for a commodity. Our results indicate that the household 

disposable income has the biggest influence on electricity prices under 1% level of 

significance: an increase in the household disposable income by 1% leads to an increase in 

residential electricity rate by 3.13%. However, some variables have unexpected signs. 

Therefore, our next step was to identify the validity of the results, presented in Table 4.2. 

Generally speaking, it seems like some explanatory variables are highly or even perfectly 

correlated: for instance, “GDP per capita” and “household disposable income”, “residential 

customers” and “total customers”, and some others. Perfect collinearity leads to violation 

of one of the assumptions under which the OLS estimators are unbiased. The 

multicollinearity problem does not cause biased results but signs and magnitudes of 

estimated coefficients might be incorrect.  

Another issue related to the obtained results is that according to our literature review, each 

group of independent variables has a particular impact on electricity prices. However, the 

number of observations in our case is only 23 meaning that due to limited degrees of 

freedom, inclusion of all independent variables in the hedonic regression is questionable.  

To address the problem of multi- and perfect collinearity and to restrict the number of 

explanatory variables, our next step was to construct a correlation matrix in STATA (Table 

4.3).  
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According to Table 4.3, as expected, our estimated regression contains multi- and perfect 

collinearity problems, meaning that we cannot rely on the results. One way to address these 

problems and increase degrees of freedom is to exclude some independent variables 

leaving only the most important of them.  

As mentioned above, the household disposable income “lnhdi” is a significant determinant 

of a commodity’s price, and it should be included in the hedonic regression for further 

estimations. However, it is highly correlated with many other variables, especially, with 

variables in the social group. In this regard, the household disposable income can be treated 

as a proxy variable for the whole social group. That is why we excluded other variables 

from the social group from the hedonic regression. Moreover, to be consistent with the 

existing literature, our model should definitely include environmental and technological 

determinants of the electricity market. Thus, we keep “lneso2” and “lnsaifi” variables in 

the regression. From empirical standpoint, average annual temperature is one of the 

strongest determinants of electricity consumption and, consequently, electricity prices. The 

last independent variable in our regression is a quadratic trend (“year2”). As a matter of 

fact, our hedonic regression contains both upward (“lnhdi”) and downward (“lneso2”) 

trends, shown in Appendix II. According to Wooldridge (2012), if a model contains both 

upward and downward trends, the quadratic trend might be a flexible way to account for 

this issue. 

Based on the specified set of independent variables, the estimation results are presented in 

Table 4.4. 
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Table 4.4. Results of regressing residential rates on the specified group of 

independent variables 

Sample: 1991 – 2013. Total observations: 23 

Variable Coefficient Robust Std. Err. t-statistic p-value 

constant -19.2163 5.179931 -3.71 0.002 

lnhdi 2.218243 0.5241317 4.23 0.001 

lnsaifi  -0.1524113 0.0744654 -2.05 0.057 

lneso2 -0.0747198 0.0263073 -2.84 0.012 

lnt -0.1266496 0.0831033 -1.52 0.147 

year -0.0151433 0.0071382 -2.12 0.050 

year2 -0.000398 0.0002805 -1.42 0.175 

R-squared  0.95 

 

In order to address the problems of autocorrelation and heteroskedasticity the robust 

standard error was used in the hedonic regression.  

As we can see from Table 4.4, the household disposable income has the strongest impact 

on electricity prices as expected: positive and significant coefficient on “lnhdi” implies that 

a 1% increase in the household disposable income leads to almost 2.22% increase in 

residential rate. The coefficient on “lnsaifi” means that a decrease in a system average 

interruption frequency index by a 1% – which means that the whole electricity system 

becomes more reliable – leads to an increase in residential rate by around 0.15%. The same 

interpretation is behind the coefficient on “lneso2”: a 1% decrease in CO2 emissions by 
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using more advanced filters or purification systems is associated with an increase in 

residential rate by around 0.075%. Average annual temperature has a negative relationship 

with residential rates. Obviously, during winter time people consume more electricity than 

in summer time. A decrease in annual temperature is associated with an increase in 

electricity consumption and according to our results, with an increase in residential rate. 

The previous estimation has been done for residential rates as a dependent variable in the 

hedonic regression. Our next step was to use the same set of independent variables for large 

industrial electricity rates. It allows us to examine the selected independent variables and 

compare the results for two groups of customers. The results of estimation are shown in 

Table 4.5. 

Table 4.5. Results of regressing large industrial rates on the specified set of 

independent variables 

Sample: 1991 – 2013. Total observations: 23 

Variable Coefficient Robust Std. Err. t-statistic p-value 

constant -12.68723 3.3222 -3.82 0.002 

lnhdi 1.48058 0.3370356 4.39 0.000 

lnsaifi  -0.1594753 0.0712936 -2.24 0.04 

lneso2 -0.0516451 0.0165017 -3.13 0.006 

lnt -0.0655234 0.0645791 -1.01 0.325 

year -0.0067914 0.0053965 -1.26 0.226 

year2 -0.0006724 0.0002127 -3.16 0.006 

R-squared  0.857 
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The results of Ramsey RESET test (‘ovtest’) for both hedonic regressions are shown in 

Appendix III, which indicate that the models have no omitted variables at 5 % level of 

significance. Based on comparison of the results for residential and large industrial rates, 

we can conclude that the estimation results are similar in terms of our parameters: their 

signs, magnitudes, and significance (p-value). However, there are two special features that 

distinguish the outcomes for residential and large industrial customers: an increase in the 

value of the parameter on “saifi” and a significant decrease in value of the parameter on 

“lnt” for large industrial rates. In the next section, we will examine and discuss impacts of 

independent variables on each type of customer using panel data analysis. 

4.3 Panel data analysis 

The final step in our study was the use of panel data analysis by combining two separate 

hedonic regressions for residential and large industrial rates in one. This approach gives us 

an opportunity to increase a number of observations in 2 times. According to the central 

limit theorem, a larger sample size produces better results. Econometric specification of 

the hedonic regression with panel data can be presented as follows:  

 

lnpeti =0 +1∙lnhditi +2∙lnsaifiti +3∙lneso2ti+4∙lntti+5∙year+ 6∙year2
 +·Di+ eti, (4.5) 

where lnpeti – electricity prices for the time t and for the i-th consumer group; 

 lnhditi – household disposable income; 

 lnsaifiti  - system average interruption frequency index; 

 lneso2ti – SO2 emissions; 

 lntti – annual average temperature; 

 year –  time trend; 
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, 0…6 – parameters to be estimated; 

eti – error term; 

D – dummy variable (1 – for residents, 0 – for large industries). 

The estimation results are presented below in Table 4.6. 

Table 4.6. Panel data estimation 

Sample: 1991 – 2013. Total observations: 232=46 

Variable Coefficient Robust Std. Err. p-value 

constant -16.22848 3.834703 0.000 

lnhdi 1.848738 0.3976792 0.000 

lnsaifi  -0.1576879 0.0057867 0.000 

lneso2 -0.0629507 0.012216 0.000 

lnt -0.0963508 0.0318569 0.002 

year -0.0110456 0.0044138 0.012 

year2 -0.0005305 0.0001478 0.000 

D 0.5714869 3.59e-15 0.000 

R-squared  0.785 

 

By using panel data analysis, now we can see that most independent variables are 

statistically significant at the 1% level of significance based on p-value. It implies that the 

use of panel data has enhanced the validity of our hedonic regression. The estimated 

coefficients have the same pattern as for the time series analysis: the household disposable 
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income has the biggest influence on electricity prices; technological and environmental 

variables also have a strong impact on these prices. 

However, the hedonic regression discussed above does not allow us to compare effects of 

independent variables on residential rates and large industrial rates separately. In other 

words, we want to assess which independent variables are more important for residential 

customers and which of them are more important for large industrial customers.  

For this purpose, cross-dummy variables (or interactive terms) should be included in the 

hedonic regression one by one, due to the small sample size and lack of degrees of freedom. 

Technically, using interactive terms between the dummy and each independent variable 

helps us investigate a change in slope of each independent variable for both residential and 

large industrial rates. The estimation results for four interactive terms (D*lnhdi, D*lnsaifi, 

D*lneso2, and D*lnt) are summarized in Table 4.7.  

Table 4.7. Panel data estimation using interactive terms 

Sample: 1991 – 2013. Total observations: 232=46 

1 lnpeti =0 +1∙lnhditi +2∙lnsaifiti +3∙lneso2ti+4∙lntti+5∙year+ 6∙year2
 +1·Di+ 

+2·Di·lnhditi + eti 

Variable Coefficient Robust Std. Err. p-value 

constant -12.28592 0.4617631 0.000 

lnhdi 1.452441 0.0340282 0.000 

lnsaifi  -0.1576879 0.0058644 0.000 

lneso2 -0.0629507 0.0123799 0.000 
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lnt -0.0963508 0.0322937 0.003 

year -0.0110456 0.0044731 0.014 

year2 -0.0005305 0.0001498 0.000 

D -7.313631 3.82e-11 0.000 

D*lnhdi 0.792595 3.84e-12 0.000 

R-squared  0.9269 

2 lnpeti =0 +1∙lnhditi +2∙lnsaifiti +3∙lneso2ti+4∙lntti+5∙year+ 6∙year2
 +1·Di+ 

+2·Di·lntti + eti 

Variable Coefficient Robust Std. Err. p-value 

constant -15.99078 3.624035 0.000 

lnhdi 1.848738 0.4030174 0.000 

lnsaifi  -0.1576879 0.0058644 0.000 

lneso2 -0.0629507 0.0123799 0.000 

lnt -0.2348492 0.1850328 0.204 

year -0.0110456 0.0044731 0.014 

year2 -0.0005305 0.0001498 0.000 

D 0.0960832 5.15e-13 0.000 

D*lnt 0.2769969 3.00e-13 0.000 

R-squared  0.8184 

3 lnpeti =0 +1∙lnhditi +2∙lnsaifiti +3∙lneso2ti+4∙lntti+5∙year+ 6∙year2+ 

+1·Di+2·D·lneso2ti + eti 
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Variable Coefficient Robust Std. Err. p-value 

constant -16.37699 4.049956 0.000 

lnhdi 1.848738 0.4030174 0.000 

lnsaifi  -0.1576879 0.0058644 0.000 

lneso2 -0.0237784 0.0308202 0.440 

lnt -0.0963508 0.0322937 0.003 

year -0.0110456 0.0044731 0.014 

year2 -0.0005305 0.0001498 0.000 

D 0.868504 9.63e-14 0.000 

D*lneso2 -0.0783447 2.46e-14 0.000 

R-squared  0.9217 

4 4  lnpeti =0 +1∙lnhditi +2∙lnsaifiti +3∙lneso2ti+4∙lntti+5∙year+ 6∙year2
 +1·Di+ 

+2·Di·lnsaifiti + eti 

Variable Coefficient Robust Std. Err. p-value 

constant -16.24896 3.908758 0.000 

lnhdi 1.848738 0.4030174 0.000 

lnsaifi  -0.1317938 0.034421 0.000 

lneso2 -0.0629507 0.0123799 0.000 

lnt -0.0963508 0.0322937 0.003 

year -0.0110456 0.0044731 0.014 

year2 -0.0005305 0.0001498 0.000 
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D 0.6124374 8.01e-13 0.000 

D*lnsaifi -0.0517882 1.00e-12 0.000 

R-squared  0.7851 

 

According to the obtained results, the coefficients on the cross-dummy variables “D*lnhdi” 

and “D*lnt” are positive. Since the dummy variable is equal to one for residential rates, we 

can conclude that the slopes for residential rates in both cases are higher than for large 

industrial rates. It means that the household disposable income and average annual 

temperature have a bigger impact on residential customers.  

On the other hand, the last two hedonic regressions in Table 4.7 show that the coefficients 

on the interactive terms “D*lneso2” and “D*lnsaifi” have a negative effect. As a result, the 

slopes for residential rates in both cases are lower than for large industrial rates, meaning 

that SO2 emissions and SAIFI have more significant effects on large industrial customers. 

4.4 Summary of estimation results 

Empirical analysis of the proposed methodology has confirmed the hypothesis that 

electricity is a heterogeneous good, and determinants of consumers’ preferences do 

influence electricity prices. Below we present summary of our conclusions.  

Table 4.8. Summary of results 

Time series analysis Panel data analysis 

Hedonic model for residential and large 

industrial rates 

Hedonic model based on panel data 

Rank of independent 

variables in terms of 

impact 

Rank of independent 

variables in terms of 

significance 

Rank of independent 

variables in terms of 

impact 

Rank of independent 

variables in terms of 

significance 



 

38 

 

1.  Household 

disposable income  

1.  Household 

disposable income  

1. Household 

disposable income 

significance at the 1% 

level 

2. SAIFI 2. Emissions of SO2 
2. SAIFI 

3. Average annual 

temperature 
3. SAIFI 

3. Average annual 

temperature 

4. Emissions of SO2 
4. Average annual 

temperature 
4. Emissions of SO2 

 

Estimations of the presented in this study models including interactive terms show which 

independent variables are more important for residential customers and which are 

important for large industrial customers. The household disposable income has a bigger 

impact on residential customers which is in accordance with economic theory. Similarly, 

average annual temperature has a bigger impact on residential customers. As was discussed 

above, average annual temperature influences electricity prices through consumption. 

Apparently, people consume more electricity in winter than in summer. For many large 

industrial customers, a production or manufacturing process, not outside temperature, is 

the biggest determinant of the electricity consumption and prices. In general, any large 

industry is a profit maximizer. Continuous production process is a significant factor 

influencing an industry’s profit. For instance, electricity interruption that stops the 

manufacturing process causes high interruption costs. That is why SAIFI, which reflects 

frequency of electricity interruption, is more important for large industrial customers. The 

last examined factor is emissions of SO2, which has a bigger impact on large industrial 

customers than on residential customers. By consuming more electricity, large industries 
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have more incentives to be interested in reducing the amount of SO2 emissions which is 

associated with extra investment in abatement technology. 
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Chapter 5. Conclusions 

The results of this study are identification the most significant factors influencing New 

Brunswick electricity market.  For this purpose, the hedonic price approach has been used 

based on four groups of independent variables and two types of customers: residential and 

large industrial. To identify determinants of consumer preferences, we have used both time 

series and panel data analysis. According to the existing literature, we selected economic, 

social, technological and environmental groups for the period from 1991 to 2013.  

Using time series analysis, the hedonic regression was estimated based on all independent 

variables. The results showed that only household disposable income is a significant 

determinant of electricity prices at the 1% level: an increase in “hdi” leads to an increase 

in electricity prices by 3.13%. To address trend -stationary processes, multi- and perfect 

collinearity problems, and the existence of upward and downward trends in the hedonic 

regression, the following actions have been taken: 

- some independent variables were omitted based on the correlation matrix; 

- due to the trending behavior and in order to preserve long memory of time series 

variables, the linear time trend was incorporated in the hedonic regression; 

- to account for the existence of both trend directions, the quadratic trend was used 

in the hedonic regression. 

Then, the set of independent variables was regressed on residential and large industrial 

rates. Obtained results confirmed that each group of independent variables has a certain 

impact. The estimated coefficients for residential rates reflect the following results: 
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- an increase in “hdi” leads to an increase in electricity prices of around 2.2% which 

is in accordance with economic theory; 

- a decrease in “saifi” and “eso2” causes an increase in electricity prices of around 

0.15% and 0.075% respectively; this conclusion shows that reducing “saifi” and 

“eso2” requires additional expenditures from NB Power, which then will be 

imposed on their customers; 

- average annual temperature “lnt” has a negative relationship with electricity prices 

meaning that electricity prices should be differentiated among seasons; clearly, NB 

Power’s customers consume more electricity during winter time than in summer 

time. 

The pattern of results for large industrial customers is similar. However, the impacts of 

coefficients are different compared with the hedonic regression for residential rates. To 

assess which independent variables are more important for residential and large industrial 

customers, panel data analysis is used with interactive terms.  

Using panel data analysis has enhanced the validity of our model by increasing a number 

of observations in two times. According to the central limit theorem, it leads to 

asymptotically approaching a population. The results show that the household disposable 

income and average annual temperature are more significant for residential customers. On 

the other hand, quality of electricity and emissions are more important for large industrial 

customers.  

Finally, further work should be discussed related to this study. One of the most important 

issues is to increase the time period of observations. A sufficiently long time series allows 

us to obtain a better result and to address the problem of a lack of degrees of freedom. 
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Another important issue is that only data in public access is used in this study. It would be 

reasonable to test other data that are not in public access, but might have a certain impact 

on price electricity (for instance, production cost, technological factors, etc.).  

The obtained results could be used as guiding information for creating a completely new 

type of electricity product as a bundle of significant attributes. Having sufficient time series 

and characteristics that influence electricity prices allows us to disaggregate data for 

specific customers at a micro level and to estimate the implicit price of each characteristic.  
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APPENDIX I 

 

Results of the Unit Root Test (DF) 

 

 

  

# Variable Unit 

Root 

Result 

Test 

Statistic 

1% Critical 

Value 

5% Critical 

Value 

10% Critical 

Value 

1 GDP per capita Yes -1.781 -3.75 -3 2.63 

2 Household 

disposable income 

Yes 0.181 -3.75 -3 2.63 

3 Net earnings No 3.094 -3.75 -3 2.63 

4 Residential 

customers  

Yes -2.442 -3.75 -3 2.63 

5 Total customers  Yes -0.924 -3.75 -3 2.63 

6 Unemployment 

rate 

Yes -1.619 -3.75 -3 2.63 

7 SAIDI No -4.018 -3.75 -3 2.63 

8 SAIFI No -4.661 -3.75 -3 2.63 

9 Emissions of CO2 Yes -0.483 -3.75 -3 2.63 

10 Emissions of SO2 Yes -1.078 -3.75 -3 2.63 

11 Emissions of NOx Yes -1.013 -3.75 -3 2.63 

12 Average annual 

temperature 

No 3.042 -3.75 -3 2.63 

13 Load factor Yes -2.312 -3.75 -3 2.63 
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APPENDIX II 

 

 

Upward (“lnhdi”) and downward (“lneso2”) trends in the hedonic regression 
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APPENDIX III 

 

 

Ramsey RESET test results for time series analysis (‘ovtest’) 

 

Sample: 1991 – 2013 

lnrrt =0 +1∙lnhdit +2∙lnsaifit +3∙lneso2t+4∙lntt+5∙year+ 6∙year2
 + et 

Ho: model has no omitted variables  

p-value = 0.06 

lnlirt =0 +1∙lnhdit +2∙lnsaifit +3∙lneso2t+4∙lntt+5∙year+ 6∙year2
 + et 

Ho: model has no omitted variables  

p-value = 0.3629 
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