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ABSTRACT 
 

This paper considers the performance of the New Zealand Electricity Market 

after the introduction of competition for the supply of wholesale electricity in 1996. 

Using data from 1997 to 2006, this research identifies a market system using two-

stage least squares regression and estimates a market power parameter that reflects 

any behavior of suppliers in raising prices above competitive levels. The approach 

used in this paper considers the effect of a change in the elasticity of demand to 

evaluate whether resulting shifts in market prices and quantities can be observed in 

the data. 

The analysis in this paper suggests that average supplier conduct in the New 

Zealand Electricity Market is more consistent with conditions of perfect competition 

than other market models, such as Cournot oligopoly or monopoly. When market 

operations are separately analyzed in two time periods (early trading and recent 

trading), the empirical model finds that market power concerns have become more 

important in recent years. There are several possible reasons that recent trading 
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reflects a more significant use of market power, and a range of possible policy 

measures are discussed that might help to facilitate continued supplier competition in 

the New Zealand Electricity Market. 
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Chapter 1.  Introduction 

Over the last twenty years a number of countries have implemented policies to 

introduce competition into the supply of electricity. These market reforms have 

resulted in considerable efficiency gains in some countries, with competition placing 

downward pressure on electricity prices and improving overall service standards 

(Joskow 2003). However, the process of market liberalization has also raised concerns 

in relation to the ability of suppliers to use market power and profitably charge prices 

above marginal costs. Market power concerns were exemplified in the Californian 

energy crisis of 2000-2001, where regulatory authorities found that suppliers were able 

to exercise market power in times of tight supply to charge “unjust and unreasonable” 

rates.1 

New Zealand established a competitive wholesale electricity market in 1996, 

called the New Zealand Electricity Market (NZEM). This paper uses data from the 

NZEM covering the period from 1997 to 2006 to evaluate whether prices reflect the 

use of market power. An econometric model developed under the new empirical 

industrial organization (NEIO) economic literature is used to consider the market 

effects of changes in exogenous variables that rotate the industry demand curve. This 

model is based on the principle that if suppliers are price takers that do not possess 
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market power, then a change in the price elasticity of demand will not change 

equilibrium prices and quantities. In contrast, if market power is present, then a change 

in the demand elasticity will lead to new equilibrium prices and quantities as suppliers 

respond strategically to maximize profit (Bresnahan 1982 and Lau 1982).  

The paper begins by providing an overview of the NZEM and discussing the 

specific features of the market that give rise to concerns about market power. Section 3 

reviews the literature that focuses on the measurement of market power in electricity 

markets internationally and in New Zealand. Section 4 describes the conceptual 

framework for the empirical model estimated in this paper, together with a discussion 

of the possible limitations of the empirical approach. Section 5 describes the data used 

and Section 6 sets out the analysis plan. Section 7 presents the results of the analysis 

and Section 8 considers the policy implications of these results. Section 9 concludes. 

                                                                                                                                              
1 See San Diego Gas & Electric Co. v. Sellers of Energy and Ancillary Services into Markets Operated 

by the California Independent System Operator and the California Power Exchange, 93 FERC ¶ 
61,121 (2000). 
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Chapter 2.  Background 

The NZEM commenced operations as a wholesale market for electricity in 

October 1996 as part of a process of reforms to introduce competition into the market 

for electricity in New Zealand. Prior to 1996, electricity in New Zealand was supplied 

through a single, vertically integrated state-owned monopoly.  

The NZEM consists of 244 nodes spread across the country, where separate 

prices are calculated based on local supply and demand conditions and the ability to 

transport electricity to each location across the high-voltage transmission network.  

The NZEM is generally considered to be a well-designed wholesale spot 

market for electricity, and exhibits most of the features of the Federal Energy 

Regulatory Commission’s (FERC) Standard Market Design, including locational 

marginal pricing.2 The NZEM is an “energy only” market, which means that 

generators are paid only for energy sold and not for installed capacity.3  

The NZEM has been used as a model for reforms in other countries, such as 

Singapore and Ireland (Hogan 2001). However, concerns have recently been expressed 

about the potential for suppliers in the NZEM to exercise market power due to 

relatively high levels of concentration in electricity generation and retail (Dupuy 

                                                                                                                                                                                                                                                                                                             

2  Remedying Undue Discrimination through Open Access Transmission Service and Standard 
Electricity Market Design, Notice of Proposed Rulemaking, 67 Fed. Reg. 55,452 (Aug. 29, 2002), 
FERC Stats. & Regs. ¶ 32,563 (2002), withdrawn July 19, 2005. 
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2006). Although international studies have shown that high levels of market 

concentration are common in wholesale electricity markets (Cardell et al 1997), these 

concerns have led to regulatory investigations into the competitiveness of the NZEM 

(Stevenson and Murray 2004 and OECD 2007). 

The largest five generators supplying electricity in the NZEM account for over 

90 percent of total electricity generated. Buyers in the NZEM include large industrial 

electricity consumers and retail electricity providers that serve industrial, commercial 

and residential consumers. Under the Electricity Industry Reform Act of 1998 the 

monopoly functions of electricity transmission and distribution are separated from the 

competitive functions of generation and retail. This law prevents any transmission or 

distribution company from owning generation assets or directly selling electricity to 

consumers (subject to some limited exceptions for renewable energy investments). 

Wholesale electricity prices observed in the NZEM have been volatile, with 

price spikes occurring in the winter of 2001 and in the fall of 2003. These price spikes 

resulted from extended periods of low rainfall in the South Island of New Zealand, 

which is the location of most of the country’s hydro storage capacity. Hydro generation 

accounts for over 60 percent of average annual generation in the NZEM and adverse 

                                                                                                                                              
3 In contrast, many electricity markets in the United States provide capacity payments to generators to 
ensure that sufficient generation resources are available during periods of peak demand. See Stoft 
(2002). 
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hydrological conditions can have significant impacts on market prices. The NZEM 

does not cap wholesale market prices at a certain level.  

Market participants in the NZEM have used two primary strategies to mitigate 

the risks presented by price volatility. First, the main generators supplying electricity 

into the NZEM have expanded their presence in the retail electricity market, and are 

also now the main retail electricity providers. This form of vertical integration provides 

a natural hedge to the adverse profitability impacts of low market prices for generators 

and high market prices for electricity retailers. Second, the large generator-retailers in 

New Zealand have focused their activities in particular geographic regions to protect 

against the possibility that prices will differ across the transmission network due to 

transmission constraints. This strategy is necessary because the NZEM currently has 

no financial instrument to hedge against nodal price differences caused by transmission 

congestion, such as financial transmission rights. 
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Chapter 3.  Literature Review 

A considerable body of literature exists on the use of market power in the 

wholesale supply of electricity (see for example Borenstein and Bushnell 2000, Joskow 

2003, Wolak 2003). The literature emphasizes a number of unique features in 

electricity markets compared to markets for other tradable commodities that may 

enable suppliers to set prices above competitive levels. These features include a low 

short-term responsiveness of demand to changes in price, the fact that electricity 

cannot be economically stored, the long lead times required for market entry, and the 

ability for transmission constraints to geographically segment the market (Garcia and 

Reitzes 2007). The literature also suggests that power markets with significant hydro 

generation may pose unique competition concerns, as generators may be able to distort 

the allocation of hydro generation over time to influence market prices (Arellano 

2004). 

Concerns about anti-competitive practices have led to the adoption of a range 

of analytical techniques to identify market power in wholesale electricity markets 

(Twomey et al 2005). Some measures have been developed specifically for electricity 

markets, while others have been drawn from industrial organization theory. Twomey et 

al (2005) review the methods available for detecting market power in deregulated 

wholesale electricity markets, and group the various techniques into structural indices, 
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behavioral analysis and simulation models. The authors conclude that there is no single 

effective test for market power, although more complex and data-intensive methods 

have advanced considerably in recent years and tend to be more convincing than a 

simple analysis of market structure. 

One of the more data-intensive measures of market power was developed by 

Bresnahan (1982) under the new empirical industrial organization (NEIO) approach. 

The Bresnahan measure of market power enables an oligopoly solution to be identified 

econometrically by considering a change in demand conditions within a market 

system. Bresnahan (1989) and Kadiyali et al (2001) survey the use of empirical 

techniques in identifying market power. NEIO techniques have been applied to a 

diverse range of industries, including the US cigarette industry (Sumner 1981), rail 

transportation sector (Porter 1983), US auto industry (Bresnahan 1989), Japanese beer 

industry (Parsons, 2007) and wholesale electricity markets (Thomas 2003, 

Vassilopoulos 2003, Wolfram et al 2004 and Bask et al 2007).   

Roy et al (2006) review the performance of a range of NEIO techniques in five 

different markets, and generate consistent results that point to the general strength of 

the approach. Studies by Wolfram (1999) on the electricity spot market in England and 

Wales, and Mullin and Genesove (1995) on the US sugar industry, generate results 

under the NEIO approach that are similar to other types of market power analysis. 
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Steen and Salvares (1999) extend the model developed by Bresnahan to incorporate 

lagged endogenous variables to account for dynamic effects and to allow for short-run 

deviations from a long-run equilibrium in the data. 

Corts (1999) criticizes the ability of the market power conduct parameter used 

in NEIO approaches to accurately detect the use of market power. Corts contends that 

because the conduct parameter observes average supplier behavior, rather than 

marginal effects, the approach will tend to underestimate the use of market power. 

Borenstein et al (2000) note that estimating a market power parameter from aggregate 

market data will capture all inefficiencies in the market and will not be limited to the 

exercise of market power. In a recent critique, Kim and Knittel (2006) compare the 

results obtained using the empirical approach described by Bresnahan with a traditional 

analysis of price-cost margins during the Californian energy crisis. The authors find 

that the market power conduct parameter is biased. In contrast to the Corts critique, the 

authors find that the Bresnahan model tends to overestimate the use of market power.  

Four recent papers have applied the Bresnahan model to competitive wholesale 

electricity markets. Thomas (2003) estimates a market power conduct parameter for the 

market in Alberta, Canada, and finds that supplier behavior in that market is more 

consistent with competition than the exercise of market power. The author concludes 

that specific policy measures that were designed to limit the ability for suppliers to use 
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market power have been successful. Vassilopoulos (2003) performs an empirical 

analysis of prices in the Nordic power market (NordPool) and rejects the hypothesis 

that suppliers have exercised market power. The author suggests that a higher level of 

market concentration following mergers and acquisitions in Norway and Sweden has 

been offset by the expansion of the NordPool market to include Finland and Denmark. 

Bask et al (2007) specifically test whether market expansion has decreased the use of 

market power in NordPool by estimating separate market power parameters for the 

time periods before and after market expansion. This analysis suggests that suppliers in 

NordPool originally had a small, but statistically significant, level of market power that 

has been eliminated by the geographic expansion of the market. Finally, Wolfram et al 

(2004) compare equilibrium prices and quantities across Norway to evaluate the effect 

of different demand conditions when transmission constraints bind. The authors find 

evidence of market power in one of the five regions studied. 

Dupuy (2006) reviews the tests for market power described by Twomey et al 

(2005) in relation to the NZEM. The author concludes that very little work has been 

done to apply empirical measures in New Zealand. In a report commissioned by the 

New Zealand Electricity Commission, Stevenson and Murray (2004) calculate 

structural indices for the generation market and find that the five largest suppliers 
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control over 90 percent of generation capacity.4 The authors then provide a number of 

policy recommendations to encourage further entry into electricity generation, such as 

repealing the cross-ownership prohibition between electricity distribution and retail. In 

a statistical analysis of prices in the NZEM, Videbeck (2004) uses the law of one price 

to evaluate whether transmission constraints segment the market into different 

geographic regions. The author concludes that some market segmentation occurs 

during peak demand periods, although this segmentation is not economically 

significant and does not afford generators the ability to exercise regional market power. 

                                                                                                                                                                                                                                                                                                             

4 The report calculates a Hirschman-Herfindahl Index (HHI) for the generation capacity market of 2,015, 
which according to the US Department of Justice Merger Guidelines reflects a highly concentrated 
market. 
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Chapter 4.  Conceptual Framework and Hypothesis 

Electricity market liberalization is based on the premise that competition is 

preferable to government regulation in disciplining the behavior of suppliers in pricing 

electricity and undertaking required system investments. However, this theoretical 

ideal has not been achieved in all electricity markets where competition has been 

introduced. The Californian electricity crisis in 2000-2001 provides an example of the 

how suppliers might distort market outcomes to their benefit due to the unique features 

of electricity markets (Joskow 2003).  

This paper tests whether suppliers in the NZEM have used market power. This 

question is of interest to policy makers because the NZEM is regarded as a well-

designed market for electricity, and has been used as a model for other countries. In the 

event that a statistically significant level of market power has been used, the empirical 

framework can help to identify the source of market power by considering changes in 

the estimated market power parameter over time. In the event that no market power is 

found, the empirical framework provides a response to critics of the NZEM who 

contend that market concentration is harming consumers and generating excess profits 

for suppliers.   

The conceptual framework for the empirical model applied in this paper is 

presented in the graphs shown in Figure 1. The graph on the left of Figure 1 illustrates 
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that it is not possible to observe from price and quantity data whether a given 

equilibrium results from a state of perfect competition (price equals marginal cost) or 

perfect monopoly. To identify market power in this case we also need detailed 

information on marginal costs, to determine whether supply is given by MC1 or MC2. 

This distinction is commonly made by collecting detailed data on marginal costs and 

using the Lerner index to identify market power (a ratio of the difference between price 

and marginal cost). However, it is particularly difficult to obtain accurate marginal cost 

data for the NZEM, due to the high proportion of hydroelectric capacity in the system 

(Bask et al 2007). While marginal thermal generation costs are dictated by factors that 

can be estimated with accuracy, such as fuel costs and operating and maintenance 

costs, the process of calculating marginal costs for hydro generation is more complex 

and uncertain (Arellano 2004).  



 

14 

Figure 1: Conceptual Framework for the Identification of Market Power 
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(Q1→Q2) and a lower market price (P1→P2). This illustrates that by considering a 

change in market demand conditions, the level of market power used by suppliers can 

be observed from data on market prices and quantities, removing the need for detailed 

information on the marginal costs of supply. 

To apply this empirical model in a market system the following demand and 

supply functions need to be identified: 

• Demand: Q = f (P, Z; α) + ε, where Q is the market quantity demanded, 

P is price, Z is a vector of exogenous variables, α is a vector a 

parameters to be estimated and ε is the econometric error term; and 

• Supply: P = c (Q, W; β) – λ (Q, Z; α) + η, where c reflects marginal 

costs, W is a vector of exogenous variables, β is a vector of parameters 

to be estimated, λ is a measure of market power and η is the 

econometric error term.   

From the parameters affecting supply, we can see that if λ = 0 then price will 

equal marginal cost (i.e. P = c (Q, W; β)). However, if λ = -1 then a perfect monopoly 

is present where the sole supplier (or cartel) is able to set marginal revenue equal to 

marginal cost. If λ = -1/n (where n is the number of firms in the industry) then a 

Cournot oligopoly solution is observed, which is an outcome between perfect 

competition and monopoly (Bresnahan 1982). The Cournot model is particularly 
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interesting for wholesale electricity markets which are thought to reflect Cournot 

oligopoly conditions (Thomas 2003). The NZEM appears to broadly fit the 

characterization of a Cournot oligopoly, with five large firms choosing supply 

quantities based on relatively steep marginal cost curves and capacity constraints. 

The empirical model presented in this paper tests the hypothesis that no market 

power has been used in the NZEM (i.e. λ = 0). This research asks whether suppliers in 

the NZEM perceive a marginal revenue curve that is different from market demand, 

which would cause a strategy of raising prices above competitive levels to be 

profitable. 
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Chapter 5.  Data 

I have obtained weekly data from a number of sources from January 1, 1997 

until December 20, 2006. The combined data set contains a total of 521 weekly 

observations with variables on electricity prices and quantities in the NZEM, 

temperature recordings and daylight hours, hydrological storage and inflows and 

natural gas prices. Seasonal dummy variables are created to control for seasonal effects 

and yearly dummy variables are incorporated to account for annual effects. All price 

data have been converted into real terms using the New Zealand Consumer Price 

Index, available from Statistics New Zealand. 

The primary data source for this research is the April 2007 Centralized Data Set 

(CDS) released by the New Zealand Electricity Commission. This data set contains 

half-hourly NZEM pool prices and dispatch quantities across all 244 nodes throughout 

the NZEM. Average weekly prices at the Haywards reference node are used, which is 

located in the middle of New Zealand, near the capital city of Wellington. I expect 

prices at the Haywards reference node to be an accurate reflection of system-wide 

prices (which vary by location), applying the result of Videbeck (2006) that the NZEM 

is not subject to the use of significant regional market power.  

The exogenous variables that are used to identify the market system are 

obtained from sources other than the CDS. Daily temperature recordings in New 
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Zealand’s largest city (Auckland) were obtained from the NIWA Climate Center, and 

have been used to calculate average weekly minimum temperatures. Data on the 

minutes of daylight in Auckland were also obtained from the University of Texas to 

account for lighting demand. The NZEM Market Administrator supplied weekly hydro 

storage and inflow data, and natural gas prices were obtained from the Ministry of 

Economic Development (MED) Energy Data File. Natural gas contracts with 

electricity generators are not publicly available due to commercial confidentiality, and 

the natural gas prices paid by industrial consumers are used as a proxy. Unlike other 

data series used in this paper, natural gas prices are only available on a quarterly basis. 

Since the variation in natural gas prices within each quarter is small, weekly values 

have been imputed at the end of quarter price.5  

The use of weekly data precludes very short-term market power from being 

indentified. While detailed half-hourly data exist for the NZEM, the use of weekly data 

answers the research question posed in this paper, which is whether suppliers have 

exercised a material level of market power (Bask et al 2007). These concerns are likely 

to be a more serious potential source of market distortion than short-run opportunistic 

supplier conduct. 

                                                                                                                                                                                                                                                                                                             

5 The average quarterly change in natural gas prices from 1997 to 2006 was an increase of around 
$0.10/GJ. Prices for the quarters ending March, June, September and December are reported for each 
year, and these prices have been used to impute natural gas prices for each observation using the end of 
quarter price. For example, observations in February are assumed to have the natural gas price reported 
at the end of March. 
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Data sources and variable definitions for the data set used in this paper are 

provided in Appendix A. 
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Chapter 6.  Analysis Plan 

The analysis presented in this paper uses a two-stage least squares (2SLS) 

regression model to identify a market system for the NZEM. The 2SLS approach 

identifies equations for market demand and supply and solves the problem of 

simultaneity that exists when estimating the market system (Wooldridge 2002). The 

demand equation in this analysis includes a rotation variable, which enables a market 

power conduct parameter λ to be estimated to measure the extent to which suppliers in 

the NZEM may have set prices above competitive levels. 

I first estimate the aggregate demand function, which in general form is given 

by: 

)1()*(
)*(

8765

43210

εβββββ
βββββ

+++++
+++++=

YEARSPRINGWINTERFALLDAYLIGHTP
TEMPPDAYLIGHTTEMPPQ

k

ttt  

Pt is the average weekly price of electricity supplied at the Haywards reference 

node in NZ$/MWh. TEMP is the average minimum weekly temperature recorded in 

Auckland in degrees Celsius and DAYLIGHT is the average minutes of daylight in each 

week. The interaction terms (Pt * TEMP) and (Pt * DAYLIGHT) act as variables that 

rotate the demand curve, based on the insight that industrial demand for electricity will 

become more elastic during periods in which temperatures and daylight hours fall and 
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prices are expected to rise (Thomas 2003).6 While the aggregate demand for electricity 

is known to be highly inelastic,7 such estimates typically ignore differing levels of 

demand response between residential, commercial and industrial consumer groups. 

Residential electricity consumers are unlikely to respond to changes in price because 

they are on fixed price contracts with their electric utility. In contrast, industrial 

consumers with time-of-use meters will have strong incentives to adjust their 

production schedules in times of particularly high electricity prices. The rotation 

variables therefore play an important role in the analysis by allowing the model to 

distinguish between competitive pricing conditions resulting from prices equal to 

marginal costs and the use of market power.  

The general form of the aggregate supply curve, including only those factors 

affecting marginal generation costs (c), is given by: 

)2(43210 υααααα +++++= NATGASINFLOWSSTORAGEQP tt  

Qt is the total weekly quantity of electricity supplied in the NZEM, measured in 

GWh. STORAGE is the amount of electricity that could be generated by the water 

stored in hydro reservoirs throughout New Zealand, measured in GWh. INFLOWS 

measures the hydro resource added to storage reservoirs each week in GWh. NATGAS 

                                                                                                                                                                                                                                                                                                             

6 This relationship holds in New Zealand, where peak demand for electricity occurs during the winter. In 
locations such as the United States, where peak demand occurs during the summer the opposite 
relationship is expected to hold. 
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is the price of natural gas charged to industrial users, and is used as a proxy for the 

natural gas costs incurred by electricity generators. Industrial natural gas costs should 

provide an accurate reflection of the opportunity of using natural gas in gas-fired 

electricity generation, because the largest thermal generators in New Zealand are also 

the largest natural gas suppliers to industrial and residential consumers. 

There is little consensus in the literature on the functional form that should be 

used in modeling electricity market systems, with theory on the unique statistical 

features of electricity pricing continuing to evolve (Knittel and Roberts 2005). Earlier 

research on electricity markets presents a range of possible functional form 

specifications, including linear relationships (Wolfram 1999, Bask et 2007), 

logarithmic relationships (Thomas 2003) and the inclusion of higher-order terms 

(Wolfram et al 2004, Knittel and Roberts 2005). Wolfram (1999) notes that estimates 

of market power conduct parameters are particularly sensitive to the functional form 

assumed in the demand curve. The analysis presented in this paper uses Ramsey 

RESET tests to consider the validity of the functional form specifications used. The 

Ramsey RESET test conducts an F-test of the differences in the R2 value of regressions 

under linear and nonlinear assumptions to determine whether any nonlinear 

                                                                                                                                              
7 Empirical studies generally estimate demand elasticities for electricity markets of between -0.15 and -
0.25 (Garcia and Reitzes 2007).  
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transformations of the specified independent variables have been omitted (Wooldridge 

2002).  

The problem of endongeneity common to the estimation of market systems 

needs to be addressed in estimating equations (1) and (2). The variable Pt is 

endogenous in the general form of the aggregate demand equation (1) as it also appears 

as the dependent variable in the supply relation (2). This variable therefore needs to be 

identified using instrumental variable techniques. The variables for STORAGE and 

INFLOWS from the supply equation (2) are used in the following first stage equation: 

)3(665

43210

υγγγγ
γγγγγ

+++++
++++=
YEARSPRINGWINTERFALL

DAYLIGHTTEMPINFLOWSSTORAGEP

k

t

 

 If the STORAGE and INFLOWS variables are appropriate instrumental 

variables for the endogenous variable Pt then the null hypothesis that γ1 = γ2 = 0 will be 

rejected. The other exogenous supply variable, NATGAS, is not used to identify the 

demand function due to the possibility that it is correlated with the error term ε from 

equation (1). This concern arises because electricity and natural gas may be substitutes 

in some applications, which would mean that the price of natural gas would affect both 

electricity demand and supply.  

Identification of the demand function enables a market power conduct 

parameter to be estimated by considering the impact of a rotation in the demand curve 
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on the supply equation (2) (Bresnahan 1982). An additional term Q* is created to 

consider changes in prices that result from changes in the price elasticity of demand by 

dividing the quantity of electricity demanded by the change in the slope of the demand 

curve. The distribution of observations on Q* is driven by the difference in the slope of 

the demand curve between periods with different temperatures and hours of daylight 

and by differences in Qt (Wolfram 1999). This variable is calculated as: 

)4()(*
431 DAYLIGHTTEMP

Q
Q t

βββ ++
−

=  

The variable Q* is then incorporated into the supply function, and provides an 

estimate of the market power parameter λ, tracking any price deviations from marginal 

costs resulting from the change in demand elasticity: 

)5(*43210 υλααααα +−++++= QNATGASINFLOWSSTORAGEQP tt

 

Lagged independent variables are included in both the supply and demand 

equations to account for dynamic effects. This reflects the fact that short run deviations 

from long run equilibrium in the data can be caused by random shocks, sticky prices or 

the result of changes in the demand or supply curves (Vassilopolous 2003). This 

approach addresses the issue of autocorrelation that exists in electricity markets, where 

current prices and quantities are reflective of prices and quantities observed in recent 

time periods. Wolfram et al (2004) report that adjusted R2 values for daily lagged 
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regressions of prices in Finland in unconstrained areas range from 0.884 to 0.990. 

Wolfram et al contrast this finding to research on the Pennsylvania-Jersey-Maryland 

(PJM) market in the United States, which found adjusted R2 values in similar 

regressions of 0.475. The authors conclude that inter-temporal correlation of electricity 

prices is likely to be stronger in hydroelectric systems than thermal systems due to the 

persistence of hydro storage conditions over the medium term. This finding is 

confirmed using data for the mixed hydro-thermal NZEM system in this paper, which 

yields an adjusted R2 value for a weekly lagged regression of price of 0.699.  

Relating the analysis in this paper to the theory of industrial organization, 

suppliers will only set prices above marginal cost if they can profitably charge 

consumers higher prices without competitors or new entrants lowering the market 

price. Suppliers in a perfectly competitive market are price-takers, and will therefore 

continue to offer available supply into the market until price falls to their marginal cost 

of generating. The parameter λ in equation (4) will be 0 if a perfectly competitive 

market exists. Where a degree of market power exists, suppliers will be able to 

profitably increase prices above marginal costs. This will mean that as demand 

becomes more elastic (introduced to the supply function through the term Q*), the 

price charged under a less than perfectly competitive market structure will fall. In the 

case of a monopoly the parameter λ in equation (4) will be equal to -1. 
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To evaluate the economic magnitude of any market power, the analysis in this 

paper also considers the price-cost markup (also known as the Lerner Index) implied 

by the estimated market power parameter. Wolfram (1999) uses the demand elasticity 

to compare an estimated price-cost markup for the British electricity market to an 

estimated market power conduct parameter generated using the empirical approach 

applied in this paper. Specifically, the author multiplies the price-cost markup by the 

elasticity of demand, i.e. λ = ((P – MC)/P)*η. This approach is used in this paper to 

obtain the price-cost markup implied by the market power conduct parameter, i.e. (P – 

MC)/P = λ / η, using a range for the market demand elasticity of  

-0.15 to -0.25 found in a recent review of electricity markets (Garcia and Reitzes 

2007).  

In addition to demand changes caused by variation in specific variables such as 

temperature and daylight hours, the analysis in this paper also considers whether 

seasonal factors cause a change in demand elasticity (Thomas 2003). The two most 

interesting seasons for the NZEM are the winter period, when industrial demand 

responds to the prospect of higher prices for the same reasons presented above, and the 

fall period, when industrial demand sensitivity also increases. This approach enables a 

broad categorization of the nature of competition in the NZEM to be made by 
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considering whether consistent patterns of supplier behavior emerge in response to 

changing demand conditions. 

Finally, the analysis in this paper examines whether the market power 

parameter estimated changes during different time periods. First, the impact of low 

hydro storage on market competition is considered in order to examine whether the 

behavior of hydro generators is causing any increase in prices (Arellano 2004). The 

analysis considers the low rainfall years of 2001 and 2003 in order to separate the 

effect of binding hydro supply constraints on prices from the effects caused by other 

variables. These years are also interesting because regulatory investigations were 

launched into wholesale electricity pricing in both 2001 and 2003. The analysis then 

considers whether the level of market power has changed considerably over time. 

Some commentators suggest that in a frequently repeated market auction (such as the 

NZEM), suppliers are likely to learn about competitors’ bidding behavior and will 

adjust their behavior to maximize profits given the expected actions of others in the 

market as time passes and experience is accumulated (OECD 2007). This paper divides 

the data into two periods to allow changes in the level and statistical significance of the 

market power parameter to be observed.   
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Chapter 7.  Results 

Weekly prices in the NZEM have averaged $59.50/MWh (megawatthour) in 

real 2006 dollars over the ten year period studied. This is below estimates of the long 

run marginal cost (LRMC) of generation of above NZ$65/MWh (Stevenson and 

Murray 2005), indicating that there is no obvious use of market power observed from 

prices being consistently the above the costs that would be borne by market entrants 

constructing new generation facilities. The maximum weekly average price of 

NZ$362.42/MWh was recorded in the winter of 2001, during an extended period of 

low rainfall. Average weekly prices also exceeded NZ$200/MWh in the fall of 2003. 

Weekly electricity demand has grown by an average of 1.8 percent per annum over the 

ten year period studied. Descriptive statistics for all variables in the dataset are 

provided in Appendix B. 

Table 1 presents the results of 2SLS regression models for the NZEM market 

from 1997 to 2006. All variables are expressed in level terms, following confirmation 

through Ramsey RESET tests that linear relationships provide a valid functional form 

for electricity traded in the NZEM.8 The market system is estimated incorporating the 

first lags of price and quantity variables, which are statistically significant in all models 

                                                                                                                                                                                                                                                                                                             

8 The null hypothesis of correct functional form specification could generally not be rejected from the F-
test statistics generated by Ramsey RESET tests of the demand function. The squared predicted 
dependant variables provided the following p-values: Model 1 p=0.1952, Model 2 p=0.0834, Model 3 
p=0.1133.   
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and consistent with a parsimonious model of the NZEM market system. Instrumental 

variables in first-stage regressions are found to be jointly statistically significant at the 

99 percent confidence level. First-stage regression results for the 2SLS model of the 

demand function are presented in Appendix C. 

Models 1, 2 and 3 consider different interaction terms that rotate the demand 

curve. Model 1 incorporates interaction terms between price and temperature and price 

and daylight hours, capturing the effect of more elastic demand during periods of high 

residential demand for heating and lighting. Model 2 includes an interaction term 

between price and winter and Model 3 uses an interaction term between price and fall.9 

The parameter estimates for these interaction terms are all negative, indicating that 

demand becomes more responsive to price changes when temperature and daylight 

conditions also change (Model 1), and during the winter (Model 2) and fall (Model 3) 

seasons.  

All models presented in Table 1 include control variables for seasonal and 

annual effects. The summer season is used as the reference category for seasonal 

control variables and the first year of the data set (1997) is used as the reference 

category for the annual control variables. The parameter estimates for the control 

variables are provided in Appendix D (see Table 5). The most interesting feature of the 

                                                                                                                                                                                                                                                                                                             

9 Interaction terms for the other seasons were also considered, however demand becomes less elastic 
during spring and summer which is not meaningful in this analysis. 
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control variables is that although electricity demand in New Zealand has grown by 

statistically significant quantities since 1997, real electricity prices are not statistically 

significantly different from 1997 in any subsequent years. This is likely to be due to 

the high level of variability in electricity prices, which increases the estimated standard 

errors. However, the negative sign of the parameter estimates for annual control 

variables in the supply function suggests that when the other factors in the model are 

held constant, real prices have in fact trended down following the establishment of the 

NZEM, with the exception of 2001 (see Table 5 in Appendix D). 
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Table 1: Market System Parameter Estimates with Changes in Demand Elasticity 
 Covariate Model 1 Model 2 Model 3 

Dependent variable – Quantity  

Price 
-0.108 
(0.074) 

-0.173** 
(0.070) 

-0.158**      
(0.070) 

Quantity (first lag) 0.509*** 
(0.033) 

0.524*** 
(0.033) 

0.519***        
(0.032) 

Temperature 
-1.130 
(0.688) 

-2.006***       
(0.452) 

-2.069***        
(0.451) 

Daylight Hours 
-0.144*** 
(0.021) 

-0.132***       
(0.016) 

-0.136*** 
(0.019) 

Price * Temperature -0.015*a 

(0.009) 
  

Price * Daylight Hours 
0.0001a 

(0.0001) 
  

Price * Winter  -0.048       
(0.033)  
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Price * Fall   -0.083**        
(0.037) 

 Adjusted R2 0.905 0.902 0.904 
Dependent Variable – Price  

Quantity 
0.152* 
(0.090) 

0.186** 
(0.086) 

0.183** 
(0.083) 

Price (first lag) 
0.760*** 
(0.029) 

0.754*** 
(0.029) 

0.751*** 
(0.029) 

Hydro Storage 
-0.009*** 
(0.002) 

-0.009*** 
(0.002) 

-0.009*** 
(0.002) 

Hydro Inflows 
0.008 

(0.005) 
0.008 

(0.005) 
0.008 

(0.005) 

Natural Gas Price 
4.324 

(3.176) 
3.848 

(3.081) 
3.981 

(3.076) 
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Market Power Parameter (λ) 
-0.0009 
(0.0012) 

-0.0118 
(0.0076) 

-0.0115* 

(0.0067) 
 Adjusted R2 0.762 0.763 0.764 
Control variables for seasonal and annual effects are included in all models 
* Statistically significant at 90 percent confidence level ** Statistically significant at 95 

percent confidence level *** Statistically significant at 99 percent confidence level 
Notes: a Interaction terms in Model 1 are jointly significant at 99 percent level (p=0.009) 
             Standard errors in parentheses do not account for the presence of serial correlation 
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Temperature and daylight hours follow the same seasonal patterns, which 

affects the sign and statistical significance of the interaction term between price and 

daylight hours.10 The interaction terms in Model 1 are jointly statistically significant at 

the 99 percent confidence level. The magnitude and statistical significance of the 

rotation in the demand function is greatest in Model 3, with the parameter estimate of 

this rotation term suggesting that demand response increases during the fall by around 

50 percent (while remaining relatively inelastic in aggregate). 

There are a number of possible explanations for why demand elasticity is 

greater during the fall season in the NZEM. Other research has found that electricity 

generators typically schedule plant outages during fall, and industrial consumers will 

have commercial incentives to plan their production schedules around these planned 

outages (Thomas 2003). However, a higher number of planned generation outages in 

the NZEM occur during the summer, suggesting that additional factors are causing this 

demand response (Electricity Commission, 2006). A more convincing explanation may 

be that industrial consumers become more price-responsive during the fall season in 

order to compel hydro generators in the NZEM to preserve available hydro storage for 

the winter season, lowering the probability of future price spikes. This contention 

could be verified with reference to data on interruptible load (IL) offers in the NZEM 

                                                                                                                                                                                                                                                                                                             

10 When the interaction term between price and temperature is omitted from the model the interaction 
term between price and daylight hours becomes negative and statistically significant at the 99 percent 
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instantaneous reserves market. If industrial consumers become more willing to curtail 

production during the fall season then more IL would be offered into the market over 

this time period.11  

The signs of the other parameter estimates for the demand function presented in 

Table 1 are consistent with expectations. Quantity demanded is negatively related to 

price, although aggregate demand for electricity appears to be particularly price 

inelastic in the NZEM. A log-log estimation of the demand functions presented in 

Table 1 (without interaction terms) provides an estimated aggregate demand elasticity 

of -0.02, which is lower than estimates for other electricity markets (Garcia and Reitzes 

2007)). Temperature and daylight hours are both negatively associated with quantity 

demanded, reflecting that demand for electricity in New Zealand is highest during the 

winter when temperatures and daylight hours decrease.12  

The signs of the parameter estimates for the supply function presented in Table 

1 are also consistent with expectations. Generators in the NZEM charge higher prices 

as quantity increases and capacity constraints are approached. Higher levels of hydro 

                                                                                                                                              
confidence level. 
11 The NZEM instantaneous reserves market is a co-optimized market within the energy dispatch 
solution, and may be the best way to capture the effect of demand-side bidding. The Electricity 
Commission has recently conducted stakeholder consultation of releasing data from this market 
following a two week delay. See 
http://www.electricitycommission.govt.nz/pdfs/opdev/wholesale/pdfsconsultation/publication-reserve-
offers.pdf.  
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storage are associated with lower prices, with all three models in Table 1 predicting 

that a one standard deviation increase in hydro storage will lower the wholesale market 

price by NZ$5.99/MWh. Hydro inflows and natural gas prices are not statistically 

significant in any of the models estimated. 

The market power parameters (λ) estimated in Models 1 and 2 are statistically 

indistinguishable from zero. The market power parameter estimated in Model 3 is 

statistically significant at the 90 percent confidence level and is similar in magnitude to 

the estimate obtained in Model 2. As discussed above, the economic magnitude of this 

market power can be assessed by calculating an equivalent price-cost markup 

(Wolfram 1999). The price-cost markup generated using a demand elasticity of -0.15 is 

0.077. This price-cost markup decreases to 0.047 if a higher demand elasticity of -0.25 

is used.13  

Assuming that the distribution of price-cost markups does not alter the average 

market outcomes assessed in this paper, the estimates of the market power parameter in 

Model 3 imply that the average market price of NZ$59.50/MWh is between 

NZ$2.80/MWh and NZ$4.58/MWh higher than the true marginal cost of generating 

electricity in the NZEM. These markups are considerably lower than the outcomes 

                                                                                                                                              
12 The winter demand peak in the NZEM differs from some other electricity markets (such as most 
markets in the United States), which experience peak demand during summer months as a result of air 
conditioning load. 
13 This range of demand elasticities is provided in Garcia and Reitzes (2007) (see footnote 6 above). 
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predicted under the Cournot oligopoly model with five firms, suggesting that other 

market or regulatory features may be providing a level of discipline to supplier pricing 

behavior (Wolfram, 1999). Commentators in Australia have suggested that trading 

should be declared “non-competitive” in the event that price-cost markups exceed 0.3, 

which is much higher than the price-cost markups calculated for the NZEM.14 

Furthermore, the “energy only” nature of the NZEM means that some increase in price 

above marginal costs is required for generators to recover the cost of investing in 

peaking plant. Without a market for capacity, there will be no incentives to build 

peaking capacity if prices during peak periods do not enable generators to recover the 

total costs of constructing and operating peaking plants (Brennan, 2002). Therefore, 

some level of economic profit should be expected in “energy only” markets to avoid 

serious consequences for system reliability (Stoft 2002). 

Table 2 considers changes in the estimated market power parameter when the 

data is restricted to different time periods. The years of 2001 and 2003 are used in 

Model 4 to focus the analysis on particular years when investigations were launched 

into wholesale electricity pricing. Models 5 and 6 consider whether any learning 

effects have occurred in pricing electricity in the NZEM by separating the data into 

two periods representing trading before and after January 1, 2002. The fall season 

                                                                                                                                                                                                                                                                                                             

14 See Presentation by Christopher Short of ABARE Economics 
http://www.accc.gov.au/content/item.phtml?itemId=259730&nodeId=0ba7ee3079da9e1306328815ffd3d
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interaction term (Model 3) has been used in this analysis, due to the statistically 

significant effect on demand response over the entire period studied from 1997 to 

2006.  

Variables to control for seasonal effects have been included in the models 

presented in Table 2 and are provided in Appendix D (see Table 6). These models do 

not include annual control variables due to the limited number of years considered in 

each model. An interesting feature of these seasonal control variables is that real 

electricity prices during the spring season are statistically significantly lower in Models 

4 and 6, holding other factors in the model constant. As discussed further below, hydro 

storage has a large impact on price in these models, and storage is typically greatest in 

the NZEM during the spring season (following the melting of snow in the South 

Island). 

                                                                                                                                              
27e&fn=Session+4+-+Mr+Christopher+Short.pdf  
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Table 2: Market System Parameter Estimates in Restricted Time Periods 

 Covariate Model 4 
(2001 & 2003) 

Model 5 
(1997 – 2001) 

Model 6 
(2002 – 2006) 

Dependent Variable – Quantity 

Price 
-0.126 
(0.078) 

-0.020 
(0.068) 

-0.046      
(0.058) 

Quantity (first lag) 0.695*** 
(0.068) 

0.656*** 
(0.043) 

0.671***        
(0.039) 

Temperature 
-2.054 
(1.264) 

-1.124*        
(0.614) 

-1.883***        
(0.688) 

Daylight Hours 
-0.103** 
(0.051) 

-0.107***       
(0.028) 

-0.101*** 
(0.028) 
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Price * Fall 
-0.054 
(0.063) 

0.119 
(0.134) 

-0.062        
(0.046) 

 Adjusted R2 0.796 0.832 0.904 
Dependent Variable – Price 

Quantity 
0.489 

(0.322) 
0.012 

(0.103) 
0.292** 
(0.124) 

Price (first lag) 
0.620*** 
(0.086) 

0.829*** 
(0.035) 

0.676*** 
(0.045) 

Hydro Storage 
-0.031*** 
(0.011) 

-0.005*** 
(0.002) 

-0.017*** 
(0.004) 

Hydro Inflows 
0.019 

(0.024) 
0.005 

(0.006) 
0.018* 
(0.010) 

Natural Gas Price 
3.738 

(9.355) 
0.300 

(3.085) 
-0.429 
(1.928) P
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Market Power Parameter (λ) 
-0.0293 
(0.0186) 

0.0019* 
(0.0010) 

-0.0048* 

(0.0028) 
 Adjusted R2 0.702 0.788 0.729 
 N 104 259 259 
Control variables for seasonal effects are included in all models 
* Statistically significant at 90 percent confidence level ** Statistically significant at 95 

percent confidence level *** Statistically significant at 99 percent confidence level 
Notes: Standard errors in parentheses do not account for the presence of serial correlation 
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The coefficients on the interaction terms in Models 4 to 6 are smaller than in 

Model 3, and are statistically insignificant. In Model 5 the interaction coefficient 

estimate is positive, suggesting that demand become more inelastic during the fall 

seasons in 1997 to 2001. The reason for this result is unclear, and the effect of other 

seasonal interactions terms suggests that during early market operations demand was 

most elastic during the spring. 

The magnitude of the coefficient on hydro storage is particularly interesting in 

these models. In the dry years of 2001 and 2003, limited hydro storage had a much 

stronger impact on price (Model 4). A one standard decrease in hydro storage is 

associated with an increase in price of over $20/MWh. Similarly, hydro storage has 

become more influential after 2002 (Model 6) as electricity demand has grown and 

available hydro storage has remained relatively constant. From 1997 to 2001 a one 

standard deviation decrease in hydro storage is associated with a $3.33/MWh increase 

in price, while from 2001 to 2006 the same change in hydro storage is associated with 

an increase in wholesale electricity prices of $11.32/MWh. 

The estimated market power parameter more than doubles from Model 3 to 

Model 4 when the data is limited to the years of 2001 and 2003, however this result is 

not statistically significant. The market power parameter in Model 6 is statistically 

significant at the 90 percent confidence level, suggesting that suppliers in the NZEM 
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on average may have become more able to exercise market power in recent trading 

years. The price-cost markup generated using a demand elasticity of -0.15 is 0.032, 

which is lower than the estimate for the entire period studied in Model 3, and much 

lower than the outcome expected under Cournot oligopoly model with five firms.15 By 

comparing the size of the parameter estimate to other variables influencing market 

prices in Model 6, such as hydro storage, the effect of market power on final prices in 

the NZEM also appears small. 

These results suggest that suppliers in the NZEM have not been able to increase 

wholesale electricity prices above competitive levels to the level predicted by theory, 

and that market conditions have been more consistent with competitive outcomes than 

the systematic exercise of oligopoly or monopoly market power.  

A number of qualifications apply to this broad categorization of the NZEM as a 

competitive market. First, the estimates of market power provided in this analysis only 

capture average market effects, and do not establish that suppliers have been 

consistently unable to exercise market power on the margin (Corts 1999). The impact 

of this distinction could be significant in New Zealand’s mixed hydro-thermal 

electricity system, where hydro storage might allow generators to influence marginal 

prices through their hydro scheduling strategy (Arellano 2004).  

                                                                                                                                                                                                                                                                                                             

15 The estimated price-cost markup for the NZEM falls from 0.032 to 0.019 using the higher estimate of 
demand elasticity of -0.25 in Garcia and Reitzes (2007). 
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The market power estimates presented in this paper also do not capture the 

effects of transmission constraints, which can create opportunities for generators to 

influence prices at a certain location. In the NZEM, a consideration of the effects of the 

transmission link between the North and South Islands would be particularly 

interesting. One way to address this concern is to conduct the analysis at a regional 

level rather than using nationwide data (see for example, Wolfram et al 2004).  

The analysis presented in the paper considers weekly data, which may mask the 

identification of market power over shorter durations. An analysis that considers 

shorter trading periods is certainly possible for the NZEM, and would complement the 

analysis presented in this paper. 
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Chapter 8.  Policy Implications 

The results of this research suggest that the NZEM has functioned well as a 

market and has not been substantially misused by electricity suppliers to raise prices 

above competitive levels. This is an important result for future policy initiatives in the 

NZEM, which should be directed at improving the current market model rather than 

reshaping the market under a different design. This result also suggests that market 

design features not present in the NZEM, such as wholesale market price caps intended 

to control market power, are not required. Caution should be used in applying these 

findings to other electricity markets because local factors such as fuel supply and 

resource availability are likely to have a large impact on the ability for electricity 

suppliers to influence market outcomes.  

Although the analysis in this paper found no statistically significant market 

power during the years of 2001 and 2003 in Model 4, the size of the estimated market 

power parameter in this model relative to the other models presented remains a 

concern. Several policy initiatives have been implemented in New Zealand since 2003 

to contain the effects of low hydro storage levels, most notably the Government 

purchase of diesel-fired reserve generation capacity offered into the NZEM under 

certain market conditions.16 The effect of these interventions can be studied by 

                                                                                                                                                                                                                                                                                                             

16 Electricity generated by the 155 MW Whirinaki Power Station is dispatched into the NZEM when 
either a certain price trigger is reached or when hydro storage falls below a certain level. 
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applying the approach presented in this paper and comparing estimates of the market 

power parameter for 2001 and 2003 with estimates under similar hydrological 

conditions in future years.  

The apparent increase in price deviations from competitive levels in recent 

years observed in Model 6 should also be of interest to policy makers, although further 

evidence on the cause of this trend is required to make well-informed policy decisions. 

If the use of market power is the result of higher levels of supplier concentration in the 

NZEM, then policy makers could support initiatives aimed at market entry. Supplier 

concentration has increased in the NZEM in recent years as established players have 

purchased generating capacity from firms exiting the market. A number of new players 

have made proposals to construct new generation facilities in New Zealand, and these 

players could contribute to a more effective competitive fringe to help discipline the 

pricing behavior of larger suppliers in the NZEM.  

Market entry is unlikely to be an effective control on the use of market power, 

however, if the observed pricing behavior results from the allocation of hydro 

generation between periods with different demand conditions (Arellano 2004). As 

hydro storage availability has fallen relative to demand in the NZEM, suppliers of 

hydro electricity may have become more able to shift production to price inelastic time 

periods to maximize profits. An effective policy response to this type of behavior may 
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be to facilitate more competition in the use of available hydro storage in the NZEM. 

Ownership of hydro storage in the NZEM is very highly concentrated.17 Further 

research on this policy solution is required to weigh the effects of any reduction in 

market power against the efficiency gains achieved through the coordinated 

management of hydro reservoirs. 

A further policy implication of the results presented in this paper is that there 

appears to a legitimate role for greater regulatory oversight of supplier behavior in the 

NZEM as the market continues to develop. The regulator of the NZEM, the Electricity 

Commission, is responsible for (among other things) ensuring that electricity is 

efficiently produced and delivered to consumers.18 To date the Electricity Commission 

has not established a process for regular market monitoring, and uncertainty remains 

over whether such activities would properly fall under the responsibilities of the New 

Zealand Commerce Commission, the national competition authority (Dupuy 2006). A 

proactive approach to market monitoring could provide an opportunity to combine ex 

post analyses of historical market outcomes, as presented in this paper, with a forward-

looking assessment of supplier incentives (Garcia and Reitzes 2007). 

                                                                                                                                                                                                                                                                                                             

17 The largest owner of hydro storage in New Zealand, Meridian Energy, controls around 70% of New 
Zealand's total hydro storage, operating the Waitaki hydro scheme and the Manapouri Power station. See 
http://www.meridianenergy.co.nz/aboutus/lakelevels/default.htm (accessed February 9, 2008). 
18 Electricity Act of 1992, section 172N. 
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Chapter 9.  Conclusions 

This paper has studied the behavior of suppliers in the NZEM by applying an 

empirical model that estimates the use of market power. This approach leads to a broad 

categorization of the NZEM as a viable market. By separating market operations into 

two periods, this analysis also suggests that market power concerns have become more 

important in recent years. Further research would be useful in confirming this result in 

the presence of regional transmission constraints and considering shorter time periods 

A data-intensive study on the NZEM has recently been commissioned by the 

New Zealand Commerce Commission, using substantial amounts of data from market 

participants in detailed market modeling (OECD 2007). The results of the work 

commissioned by the Commerce Commission will provide an interesting comparator 

to the empirical results presented in this paper. 
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Appendix A – Data Set Information 

Data Sources 

Electricity Commission Centralized Data Set (price and quantity) 

http://www.electricitycommission.govt.nz/opdev/modelling/centraliseddata/ind

ex.html (accessed February 18, 2008).  

M-Co (hydrology) http://www.comitfree.co.nz/fta/ftaPage.hydrology (accessed 

February 18, 2008). 

MED (natural gas) 

www.med.govt.nz/templates/MultipageDocumentTOC____28065.aspx 

(accessed February 18, 2008). 

NIWA (temperature) http://www.niwa.cri.nz/ncc (accessed February 18, 2008). 

Statistics New Zealand (consumer price index) http://www.stats.govt.nz/default.htm 

(accessed February 18, 2008). 

University of Texas (daylength) www.stardate.org (accessed February 18, 2008). 
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Variable Definitions 

Price Real electricity price expressed in NZ$/MWh at the Haywards 

reference node near Wellington, New Zealand obtained from the 

Electricity Commission Centralized Dataset (CDS) 

Pricet-x Lagged price variable, incorporating x number of lags  

Quantity Total quantity of electricity supplied at each grid exit point, net of 

technical losses, expressed in MWh and obtained from the CDS 

Quantityt-x Lagged quantity variable, incorporating x number of lags 

Price*temperature Interaction term between price and temperature variables 

Price*daylight Interaction term between price and daylight variables 

Price*winter Interaction term between price variable and winter dummy 

variable 

Price*fall Interaction term between price variable and fall dummy variable 

Hydro storage Water stored in hydroelectric reservoirs expressed in GWh and 

obtained from the NZEM Market Administrator 

Hydro inflows Weekly water inflows into hydroelectric reservoirs expressed in 

GWh and obtained from the NZEM Market Administrator 

Natural gas price Real industrial natural gas prices expressed in NZ$ per gigajoule 

and obtained from the Ministry of Economic Development 
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Energy Data File 

Temperature Temperature recordings of the minimum ambient temperature in 

New Zealand’s largest city, Auckland, obtained from the NIWA 

Climate Centre 

Daylight Average daily minutes of daylight for Auckland obtained from 

University of Texas McDonald Observatory  

Summer Dummy variable = 1 during summer months of December 

January, February 

Fall Dummy variable = 1 during fall months of March, April, May 

Winter Dummy variable = 1 during winter months of June, July, August 

Spring Dummy variable = 1 during spring months of September, 

October, November 

YearX Dummy variable = 1 for each year of analysis. For example, 

YEAR97 = 1 for all observations in 1997 
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Appendix B – Descriptive Statistics 

Table 3: Descriptive Statistics 

Variable  N Mean Standard 
Deviation Minimum Maximum 

Price (NZ$/MWh) 521 59.50 41.22 4.07  362.42

Pricet-1 (NZ$/MWh) 520 59.51 41.26 4.07  362.42

Quantity (GWh) 521 672.30 58.13 497.50 847.87

Quantityt-1 (MWh) 520 672.38 58.16 497.50 847.87

Temperature (oC) 521 12.72 3.32 4.10  20.40

Daylight (Minutes) 521 724.05  102.79 578.00 881.00

Hydro Storage (GWh) 521 2,727.58  664.72 1,187.00 4,242.00

Hydro Inflows (GWh) 521 492.49  204.65 161.00  1,902.00

Natural Gas Price (NZ$/GJ) 521 4.66 0.93 3.39  7.94

Price * Temperature 521 736.76  494.01 67.56 3,400.47

Price * Daylight Hours 521 41,872.76  26,294.75 3,377.93 241,011.78

Price * Winter 521 17.98  41.02 0  362.42

Price * Fall 521 17.71  38.97 0 306.35
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Appendix C – First Stage Regression Results 

Table 4: First Stage Regression Results (All Models) 

 Covariate Models 1, 2, 3 Model 4 
(2001 & 2003) 

Model 5 
(1997 – 2001) 

Model 6 
(2002 – 2006) 

Dependent Variable – Price 

Storage 
0.0032 

(0.0023) 
0.013* 
(0.007) 

-0.004      
(0.003) 

0.001 
(0.003) 

Inflows -0.0144*** 
(0.0054) 

0.013 
(0.018) 

-0.016**       
(0.008) 

-0.016 
(0.011) 

Temperature 
-3.491*** 
(0.540) 

-4.821***       
(1.781) 

-1.597*        
(0.851) 

-4.856*** 
(0.985) 
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Daylight Hours 
-0.187*** 
(0.022) 

-0.152**        
(0.071) 

-0.223*** 
(0.0370) 

-0.147*** 
(0.040) 

 Adjusted R2 0.855 0.572 0.683 0.669 
 N 520 104 259 259 
Control variables for seasonal and annual effects are included in all models 
* Statistically significant at 90 percent confidence level ** Statistically significant at 95 percent confidence 

level *** Statistically significant at 99 percent confidence level 
Notes: Standard errors in parentheses do not account for the presence of serial correlation 
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Appendix D – Estimation Results for Control Variables 

Table 5: Control Variable Parameter Estimates and Standard Errors (Models 1 – 3) 

 
Covariate 

Model 1 
(Temperature 

& Daylight) 
Model 2 
(Winter) 

Model 3 
(Fall) 

Dependent variable – Quantity  

Fall -7.139** 
(3.843) 

-7.671**    
3.881 

-3.003     
(4.371) 

Winter 9.949* 
(5.035) 

12.585**    
5.677 

7.936     
(5.076) 

Spring 3.884     
(3.019) 

2.926     
(3.032) 

2.685     
(3.012) 

1998 0.625     
(3.699) 

0.719     
(3.741) 

0.927     
(3.722) 

1999 8.649**  
(3.759) 

8.169**     
(3.802) 

8.628**    
(3.788) 

2000 14.495***   
(3.927) 

14.128***    
(3.971) 

14.533***    
(3.956) 

2001 25.798***   
(4.615) 

28.076***    
(4.655) 

26.468***    
(4.564) 

2002 29.834***   
(4.236) 

29.118***    
(4.280) 

29.867***    
(4.279) 

2003 40.375***   
(4.746) 

39.025***    
(4.778) 

40.619***    
(4.814) 

2004 43.220***   
(4.814) 

41.573***    
(4.831) 

42.037***    
(4.813) 

2005 50.298***   
(4.802) 

49.317***    
(4.825) 

49.660***    
(4.801) 
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2006 60.258***    
(5.438) 

58.072***    
(5.452) 

59.531***   
(5.470) 
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Dependent Variable – Price  

Fall 0.946     
(3.649) 

1.875     
(3.468) 

-14.302    
(10.028) 

Winter -13.201    
(8.171) 

-22.558**    
(10.471) 

-10.907    
(7.924) 

Spring -14.865***    
(4.727) 

-14.455***    
(4.636) 

-14.174***   
(4.626) 

1998 1.016     
(5.021) 

1.979    
(4.869) 

1.828     
(4.858) 

1999 -6.55     
(5.111) 

-5.510    
(4.809) 

-5.540     
(4.800) 

2000 -0.781     
(4.950) 

0.172    
(4.713) 

0.310   
(4.704) 

2001 2.776     
(5.128) 

4.246    
(4.764) 

4.416 
(4.757) 

2002 -6.054     
(6.441) 

-4.244    
(5.729) 

-3.96     
(5.717) 

2003 -2.711     
(7.510) 

-0.178    
(6.615) 

0.244     
(6.610) 

2004 -13.286    
(9.587) 

-10.640    
(8.545) 

-10.262     
(8.527) 

2005 -15.082    
(11.705) 

-11.425    
(10.208) 

-11.144    
(10.186) 
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2006 -18.758    
(14.549) 

-14.581    
(13.047) 

-14.249    
(13.021) 

* Statistically significant at 90 percent confidence level ** Statistically significant at 95 
percent confidence level *** Statistically significant at 99 percent confidence level 

Notes: Seasonal control variables are jointly significant at 99 percent confidence level in all 
models, except the demand function of Model 3 where the seasonal control 
variables are jointly significant at 90 percent confidence level 

           Standard errors in parentheses do not account for the presence of serial correlation 
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Table 6: Control Variable Parameter Estimates and Standard Errors (Models 4 – 6) 

 Covariate Model 4 
(2001 & 2003) 

Model 5 
(1997 – 2001) 

Model 6 
(2002 – 2006) 

Dependent Variable – Quantity 

Fall -1.257    
(11.136) 

-12.083   
(8.848) 

-4.403     
(6.485) 

Winter 1.369    
(13.347) 

3.7124    
(7.475) 

0.240     
(7.733) 
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Spring -4.197    
(7.331) 

2.472    
(4.236) 

-2.385     
(4.538) 

Dependent Variable – Price 

Fall -44.300    
(32.356) 

67.664*    
(38.304) 

-32.771    
(24.171) 

Winter -20.659    
(29.907) 

-7.283    
(10.582) 

-24.760**    
(12.548) 
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Spring -46.959**    
(20.075) 

-10.930*    
(5.556) 

-23.606***    
(7.330) 

* Statistically significant at the 90 percent confidence level 
** Statistically significant at the 95 percent confidence level 
*** Statistically significant at the 99 percent confidence level 
Notes: Seasonal control variables are not jointly significant in any of the demand functions. 

Seasonal control variables are jointly significant in the supply functions, at the 90 
percent confidence level in Model 4, the 95 percent confidence level in Model 5 and 
the 99 percent confidence level in Model 6  

           Standard errors in parentheses do not account for the presence of serial correlation 
 


