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Abstract

A competitive wholesale electricity m arket began operation in Ontario in 2002. The 

institutional features and development process are described, and the outcomes 

associated with certain features are assessed.

First, a six-equation model of the m arket is specified and estimated. The results are 

used to undertake analysis of the province's renewable energy program. The impacts of 

the program on consum ers' and producers' surplus, as well as the resulting degree of 

carbon dioxide (CO2) emission-abatement, are estim ated. These results are used to infer 

the per-unit cost of CO2 abatem ent resulting from  the program . Under the assum ption 

that the renewable-fuelled energy displaces coal-fuelled energy from the market, the 

estimated cost is approxim ately $93/tonne of CO 2; under the alternative assum ption that 

natural gas-fuelled generation is displaced, the estim ated cost is $207/tonne of CO2. 

Comparison to costs observed in other m arkets and jurisdictions reveals the program  to 

cost approximately one order of m agnitude greater than elsewhere. It is concluded that 

Ontario pays substantially more for emission abatem ent than is necessary or, 

alternatively, that Ontario achieves substantially less abatem ent than is feasible for each 

dollar of economic resources expended.

Second, the market model is also used to assess the treatm ent of electricity exports with 

respect to the so-called global adjustm ent charge. The analysis reveals that the current 

practise of exempting exports from the charge is not socially optimal from a total 

surplus-maximisation standpoint. That objective w ould be achieved if global 

adjustment was allocated to exports at approxim ately 32% of the rate at which it is 

applied to Ontario-based consumers, a result consistent with a Ramsey-type inverse 

elasticity rule.



Third, the forward market unbiasedness hypothesis is assessed in the context of the 

market for financial transmission rights (FTR). Issues related to left-censoring of 

payouts at $0 and overlapping observations are dealt with. The analysis reveals little 

evidence in favour of the hypothesis, but finds less biasedness in long-term rights as 

compared to short-term rights. Analysis of bidder behaviour reveals greater levels of 

participation in auctions of FTRs that link Ontario to similarly competitive 

neighbouring jurisdictions as opposed to non-competitive jurisdictions.
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Chapter I: Introduction and purpose

A competitive wholesale electricity market began operation in Ontario in May 2002.

The purpose of this thesis is to undertake an assessment of certain aspects of this 

market, especially its development during the period after m arket opening. The aspects 

of the m arket to which special attention is paid  are (1) issues regarding cost and cost 

allocation related to implementing certain governm ent policies and (2) the performance 

of financial transmission rights markets.

The thesis proceeds as follows. Chapter II formulates and estimates a m odel of 

Ontario's wholesale electricity market. This m odel accounts for the behaviour of 

Ontario-based consumers and producers, inter-jurisdictional trade, and the impact of 

government policy in the procurem ent of generation capacity. A fitted base case 

equilibrium is constructed using this model.

Chapters III and IV report analyses of counterfactual policies, using the base case 

constructed in chapter II as a benchmark. Two specific counterfactual policies are 

considered. First, the cost of the provincial governm ent's renewable energy policy is 

estimated. This is im portant because there are num erous alternative policies that have 

been used in different electricity markets to induce entry of renewable electricity 

generators. W ithout knowledge of the cost of Ontario's policy there is no theoretically 

sound way to say whether it is cost efficient or otherwise. Second, the mechanism used 

to allocate certain costs among consumers that cannot be recovered from the m arket is 

considered. In particular, it is current policy that certain costs are not allocated to 

exports. The impact of allocating these costs to exports at various rates, including at the 

same rate as they are allocated to Ontario consumers, is considered. This is im portant 

because, in the absence of evidence, it is not obvious that the optimal rate at which costs 

are allocated to exports is zero.
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Chapter V tests the forward market unbiasedness hypothesis in relation to O ntario's 

market for short-term financial transm ission rights. This m arket is im portant for a 

number of reasons, among them (1) that participants in the physical electricity m arket 

can use these financial instrum ents to hedge certain risks associated w ith their 

operations and (2) that the auction m arket through which the rights are allocated sends 

forward-looking signals of congestion in the electricity transm ission system  that may be 

valuable to other agents in the w ider electricity m arket. A test of the forw ard m arket 

unbiasedness hypothesis amounts to a general consideration of the usefulness of 

financial transmission rights.

Chapter VI extends the analysis reported in the previous chapter to O ntario 's m arket 

for long-term financial transmission rights.

Chapter VII reports an analysis of the determ inants of the num ber of b idders who 

decide to contest financial transmission rights auctions.

Chapter VIII concludes.

For a more general, theoretical overview of the features and characteristics of electricity 

markets relevant to economic analysis, see Stoft (2002) and Rothwell and Gomez (2003).
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Chapter II: A model of the market

1. Introduction and purpose

A competitive wholesale electricity m arket began operation in Ontario in M ay 2002.

The purpose of this market is to coordinate production and consum ption of electricity 

in O ntario—including inter-jurisdictional t r a d e - in  an economically efficient m anner 

while maintaining electricity system reliability.1 Prior to May 2002, the functions of 

what subsequently became the wholesale electricity m arket were fully integrated 

components of Ontario H ydro2—a vertically integrated, Province of Ontario crown 

corporation that m anaged the generation and transmission of electricity w ithin Ontario, 

as well as all trade of electricity w ith neighbouring jurisdictions.

The purpose of a competitive wholesale m arket is to induce a process w hereby optim al 

use of existing resources, including imports, is incentivised in the short run, while in the 

long run more efficient sources of supply w ould drive less efficient sources of supply 

out of the market. This process, in both time dimensions, is intended to be guided by 

m arket-determined prices. In the short run, supply would be draw n from  the 

generating facilities w ith the lowest incremental cost of production and w ould be 

allocated to the consumers w ith the highest willingness-to-pay. Inter-jurisdictional 

trade of electricity would occur, subject to potentially binding transmission system 

constraints, largely as an arbitrage process whereby electricity would flow from

1 One way to characterise the quality of electricity services is to consider the probability of their 
availability: the higher the probability, the higher the quality. System reliability refers to maintaining an 
arbitrarily high value of this characteristic. Since, in a specified jurisdiction, system reliability is both 
non-excludable and non-rivalrous in its provision and consumption, it is a public good.
2 The Electricity Act, 1998, abolished Ontario Hydro and replaced it with five distinct entities currently 
known as Ontario Power Generation Incorporated (OPG), Hydro One Incorporated (HOI), the 
Independent Electricity System Operator (IESO), the Ontario Electricity Financial Corporation (OEFC), 
and the Electrical Safety Authority (ESA). The OEFC is the legal successor company to Ontario Hydro.
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jurisdictions with low prices to jurisdictions with high prices.3 In the long run, prices 

would guide producer and consumer decisions that are fixed in the short run.4

Under a standard competitive market construct, wholesale m arket clearing prices 

would vary through time in response to varying cost and dem and conditions and all 

consumers and producers would pay or be paid, respectively, this price.5 W ith respect 

to producers, assuming that supply is offered into the m arket at incremental cost, this 

means that at any given point in time quasi-rents w ould be earned by infra-marginal 

suppliers while the m arginal supplier w ould break even. This situation is illustrated in 

Figure II-l.6 Such quasi-rents, which w ould be larger in hours w ith higher prices, are 

necessary to cover fixed costs. In the long run, the composition of capacity w ould 

adjust such that these quasi-rents would exactly cover fixed costs. In practice, while 

quasi-rents would be earned by some producers at each point in  time, there w ould be a 

small num ber of hours characterised by extremely high prices as a result of available 

supply being exhausted.7 It is in these hours that the bulk of fixed costs w ould be 

covered, including those of the marginal supplier—which w ould receive a price in 

excess of marginal cost since price w ould be determ ined based on willingness-to-pay. 

This situation is illustrated in Figure II-2.8

3 The ranking of jurisdictions by price is anticipated to change through time.
4 Many characteristics of electricity producers and consumers are fixed in the short run. In the case of 
producers, these include facility size, location, and fuel type. In the case of consumers, these include 
location and structure of production facilities (consuming firms), and the choice of appliances and 
residence size (consuming households).
5 The issue of locational pricing is ignored in this thesis. However, had this not been the case the general 
conclusions w ould remain intact, except that instead of view ing the Ontario as a single market with a 
uniform wholesale market clearing price it w ould  be view ed as a set of potentially different sub-markets 
based on potentially binding physical constraints in the electricity transmission system.
6 The illustrations in this section assume generic upward- and downward-sloping market supply and 
demand functions. Q is the amount of generation capacity.
7 In Ontario, regulations prevent the absolute value of the wholesale market clearing price from exceeding 
$2,000 per MWh.
8 See Stoft (2002) for a thorough discussion of the features of competitive electricity markets.
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Figure II-l: Marginal supplier breaks even
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Figure 11-2: Marginal supplier earns quasi-rents
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This process envisioned a relatively minor role for regulators regarding the entrance of 

incremental supply. It was expected that regulators, acting under the authority of the 

provincial government, would provide various services—such as real-time
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management of the transmission and distribution system —critical to the ongoing 

operation of the wider electricity market by the establishm ent of an independent system 

operator. In Ontario, the relevant agency is know n as the Independent Electricity 

System Operator (IESO).

There are a variety of benefits associated w ith this type of m arket structure. 

Decentralised decision making incentivises a variety of supply and dem and responses 

to changing cost and dem and characteristics that cannot typically be m ade by 

government-owned and m anaged monopolies. This is particularly the case in relation 

to inter-jurisdictional trade, where arbitrage-driven trade is likely to lead to m arket 

demand being satisfied at a lower total cost than otherwise. Competitive m arkets also 

tend to distribute risk efficiently. In particular, risk tends to be bom e by shareholders of 

generation firms that choose to bear it rather than by electricity consumers (rate-payers) 

and government (tax-payers), who generally bear it under governm ent-owned 

monopolies.

Structural reforms were necessitated by the rigidity of the industry in the years before 

market opening in 2002. Consumer prices, set by governm ent regulation, generated 

insufficient revenues to cover the costs incurred by Ontario Hydro, thereby resulting in 

large accumulated losses. W ith respect to generation capacity, prior to m arket opening 

the most recent electricity generator to enter service was the fourth nuclear reactor at 

Darlington, east of Toronto. Taken together, low prices resulted in a lack of investm ent 

in the industry as Ontario H ydro lacked sufficient financial resources and no privately- 

owned firm had the incentive to propose entry .9

9 There was an analogous lack of investment in transmission infrastructure. One additional benefit of a 
competitive market is that it signals the locations (routes) of the most socially valuable transmission  
infrastructure improvements.
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Over the period commencing with the passage of the Electricity Act, 1998, in that year 

and culminating w ith market opening in 2002, approximately 10,000 MW of 

incremental capacity—both greenfield (all of which was natural gas-fuelled) and 

refurbishments of previously exited capacity (all of which was nuclear-fuelled) — had 

announced plans to enter the m arket .10 While it was not clear at the time how  m uch of 

this proposed incremental capacity would ultim ately enter, opening the m arket 

certainly induced m uch private-sector interest in doing so.

It was not immediately clear that the m arket process described above w ould fail to 

achieve the desired long-run equilibrium. However, in the years after m arket opening 

it became clear that realised wholesale m arket clearing prices were, on average, 

insufficiently high such that the desired long-run equilibrium w ould indeed not be 

achieved. This outcome obtained, at least partially, as a result of governm ent and 

regulatory intervention. In particular, a variety of policies and regulations, some of 

which were highly technical in nature, had the effect of systematically suppressing the 

wholesale market clearing price paid by consumers to producers.

For instance, in the process of determ ining the wholesale m arket clearing price, 

electricity generators are treated as being able to change their level of output at a 

constant multiple of w hat is technically feasible . 11- 12 This policy was adopted as a

10 See the first report of the Market Surveillance Panel, "Monitoring Report on the IMO-Administered 
Electricity Markets for the First Four Months," published on 7 October 2002. Note that IMO is the 
acronym for Independent Market Operator. This w as the original name of the Independent Electricity 
System Operator (IESO), a change made by the Electricity Restructuring A ct, 2004.
11 The rate at which a particular electricity generator can change its level of output is a technical 
characteristic of the generator that is known as its ramp rate. For instance, suppose a generator requires 
20 minutes to be able to increase its output from 100 MW to 200 MW, then its ramp rate, at least while
increasing output over the specified range, is 5 MW per minute. The m ultiple of this rate that is used by 
the system operator in the wholesale market clearing price determination process can be thought of as the 
ramp rate multiplier. Continuing with the exam ple above, if a 12-times multiplier is used by the system  
operator then the generator would be treated as being able to increase output at a rate of 60 MW per
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means of reducing the volatility of the wholesale m arket clearing price, which it did by 

treating wholesale market supply as being effectively more price elastic (faster to adjust 

to a given price change) than is truly feasible. However, the effect was also to 

systematically suppress the average wholesale m arket clearing price . 13 The effect is 

most meaningful at the m ost supply-constrained points of time, w hen the standard 

market construct described above suggests the bulk of fixed cost is recovered.

A similar example relates to the treatm ent of inter-jurisdictional trade—a treatm ent that 

systematically suppresses the wholesale m arket clearing price . 14

As a result of this outcome, a restructuring of the wholesale m arket began in 2004 w ith 

the passage of the Electricity Restructuring Act, 2004, which am ong other things, 

amended the Electricity Act, 1998. The key impact of this Act was the creation of the 

Ontario Power Authority (OPA ) . 15 One aspect of the OPA's m andate is to act as a long- 

run electricity system planner . 16 To that end, recognising that entrance of new  supply 

would eventually become necessary and that the m arket as described above w ould not 

achieve this on its own, the OPA initiated a program m e of generation procurem ent—a 

programme of policy-induced entry of supply. At its beginning, this program m e 

focused on inducing entry of natural gas-fuelled electricity generators so as to

minute. In other words, the generator would be treated as being able to increase its output from 100 MW 
to 200 MW in 1 minute and 40 seconds rather than the 20 minute duration required physically.
12 From market opening on 1 May 2002 to 11 September 2007, the ramp rate multiplier w as tw elve (12). 
Effective 12 September 2007 onward, it was reduced to three (3).
13 This issue was discussed in the second report of the Market Surveillance Panel (MSP, December 2003, p. 
112), many times subsequently, and elsewhere.
14 This issue was discussed in the fourth report of the Market Surveillance Panel (MSP, December 2004, p. 
17-8), many times subsequently, and elsewhere.
15 Bill 75, Ontario Electricity System Operator A ct, 2012, which is before Ontario's legislative assembly as of
15 June 2012, w ould merge the IESO and the OPA w ould  be m erged into a single entity called the Ontario 
Electricity System Operator (OESO). The bill can be found at
http://www.ontla.on.ca/web/bills/bills_detail.do?locale=en&BillID=2622&detailPage=bills_detail_debates.
16 The OPA has numerous additional responsibilities, especially in relation to electricity conservation and 
usage efficiency. Consideration of these activities is beyond the scope of this chapter.
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implement the governm ent's goal of w ithdraw ing coal-fuelled electricity generators 

from the market.

Later, the m andate of the regulator was augm ented to include the inducem ent of 

renewable energy generating technologies—principally wind- and solar-fuelled—into 

the electricity m arket . 17 While this deepened the extent of governm ent involvem ent in 

the market, the structure of the hybrid m arket was not materially altered.

Due to the Electricity Restructuring Act, 2004, Ontario's electricity m arket became a 

hybrid market: a competitive wholesale electricity m arket w ith a governm ent agency 

that actively manages supply. One impact of this altered m arket structure is that, 

subsequent to its creation, no generation capacity has entered O ntario 's electricity 

market w ithout a contract written under the generation procurem ent program m e. 

Though the OPA is not a regulator in the classical sense, given its role in actively 

managing m arket supply, terminology referring to it as such is adopted herein.

Certain relevant details regarding the generation procurem ent program m e are 

discussed in this chapter. However, it is immediately clear that any such program m e 

may lead to costs being borne by the regulator . 18 These costs, and the risks associated 

therewith, are funded through a financial account known as the global adjustm ent 

mechanism (GAM ) . 19 A convention of referring to aggregate costs, m easured in dollars, 

borne by the regulator in m onth t as GAMt is adopted.

17 For instance, a 16 November 2005 ministerial directive required the OPA to enter into contracts w ith  
nine wind-fuelled generation firms that had been selected by the Ministry o f Energy to construct w ind  
farms in Ontario.
18 As discussed below, the aggregate costs incurred may be negative. In such an event, this balance is 
paid out to consumers in an analogous manner to the mechanism that allocates positive costs.
19 As noted in the detailed discussion regarding the com position of the GAM below, GAM includes 
significant expenses related to regulatory activities other than the programme of generation procurement. 
For instance, GAM includes expenses associated w ith various regulator-directed conservation  
programmes.
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Assuming that funding directly from the provincial treasury is not feasible, some 

mechanism is required to raise the necessary funds from electricity consumers, i.e., the 

regulator's budget m ust be balanced. The specific rule used to allocate GAM costs 

among consumers shall be referred to as the global adjustm ent allocation rule (GAAR). 

From its institution in January 2005, the GAAR was such that all Ontario-based 

consumers were charged in constant proportion to their own level of total m onthly 

consumption. Export-consumers do not pay this fee. A convention of referring to the 

rate, m easured in dollars per kWh, at which costs are allocated by the regulator in 

m onth t as g t is adopted. Interestingly, the GAAR was altered in an im portant m anner 

effective January 2011. Given the recent nature of this change and the nature of the 

adjustment and learning process that will follow, this issue will not be considered in the 

main body of the chapter, though it is discussed at some length in Appendix II-A.

Had either the regulator's generation procurem ent initiative or the GAAR been 

materially different, outcomes observed in O ntario 's electricity market w ould have been 

materially different. The purpose of this chapter is to assess the hypothetical impact of 

two such policy counterfactuals. First, the impact of renewable generation procurem ent 

is assessed. Second, the impact of altering the GAAR such that export dem and is m ade 

subject to the costs associated with global adjustm ent is assessed.

The chapter will proceed as follows. Section 2 describes the methodology em ployed in 

the chapter. Section 3 describes in some detail the structure of the wholesale electricity 

market and the regulator, w ith particular focus on the impact of policy-induced 

entrance of supply on the wholesale m arket equilibrium. Particular attention is paid to 

the aspects of the m arket for which hypothetical alternative policies are relevant. This 

discussion is used to motivate the components of a sim ultaneous equations model of 

O ntario's electricity market. Section 4 describes the data. Section 5 describes the 

econometric techniques and econometric results associated w ith the estimation of the
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market model. Section 6  constructs a base case m arket equilibrium. Section 7 

concludes.

2. Methodology

As stated in section 1, the purpose of this chapter is to assess the impact on the 

electricity m arket equilibrium of certain regulatory policies. Such an assessm ent would 

be m ade by determining the difference between the observed equilibrium  and certain 

counterfactual policy equilibria.

The first step is to model the process by which the observed equilibrium  obtains. This is 

called the base case. The second step is to consider the alternative processes by which 

each counterfactual policy equilibrium obtains. These processes are used to simulate 

the related counterfactual policy equilibrium, thereby determ ining the im pact of the 

regulatory policy.

2.1. Step one: the base case

The model is comprised of a system of six equations—corresponding to six 

endogenously determ ined variables: Ontario-based supply; imports; Ontario-based 

demand; exports; the regulator's budget constraint; and the quantity equilibrium —as 

specified in section 3 that describe, in simplified terms, the process by which the 

observed equilibrium obtains. As described there, the first four of these equations m ust 

be estimated, while the last two are identities. The four non-identities are estim ated as a 

system of simultaneous equations, w ith techniques described in  section 5. The 

regulator's budget constraint m ust be calibrated w ith relevant m arket data.

The fully param eterised system of six equations is then solved for the base case values 

of each of the six endogenous variables. This process is discussed further in section 6 .
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2.2. Step two: the counterfactuals

Under each of the counterfactuals considered, at least one aspect of the m arket w ould 

have been different. Critically, the estim ated coefficients are assum ed to be unaltered. 

For instance, the estim ated coefficient associated with the price paid by exporters of 

electricity is assumed to be unchanged as a result of the counterfactual policy.

The counterfactual-policy outcomes are constructed by altering either the underlying 

data series or the regulator's budget constraint as appropriate. The equilibrium  impact 

of each counterfactual policy is then m easured by comparison of the sim ulated 

counterfactual w ith the base case. These issues are considered in chapter III.

3. The model: the role of the regulator and the wholesale market

The impact of regulatory policy on the wholesale m arket equilibrium is of param ount 

importance in this study. Section 3.1 outlines, w ith reference to Appendix II-A, the 

structure of the regulator. Particular attention is given to how its policies m andate the 

existence of a global adjustm ent mechanism (GAM) in principle. Section 3.2 outlines 

the structure of the wholesale market itself, including how the equilibrium  wholesale 

market clearing price and global adjustm ent rate are determined. A ttention is directed 

to the mechanisms by which regulatory intervention impacts the various com ponents of 

the market, and therefore its equilibrium.

3.1. The role of the regulator

The governm ent regulator that is relevant in the context of this chapter is the one whose 

objective is to engage in long-run m anagem ent of the supply side of O ntario 's electricity 

market: the OPA. To that e n d —under the direction and authority of num erous 

directives from the provincial governm ent—the OPA initiated a program m e of 

generation procurement. This program m e manifested itself in the form of m any
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specific procurem ent initiatives differentiated by generation technology or fuel source, 

such as nuclear, hydro, natural gas, and w ind . 20

The contracts that resulted from these procurem ent initiatives offered signatories terms 

and, therefore, outcomes that could not be obtained from uncontracted entrance into the 

wholesale electricity market. The m ost im portant effects were to reduce the uncertainty 

and, in some cases, raise the level of the net present value of the expected revenues of 

prospective entrants . 21

From the perspective of the OPA, in any given time period (typically, one month), an 

individual contract may result in a paym ent that may be either positive or negative.

The aggregate paym ents to all contracted generation in any time period may, as a 

consequence of summation, be either positive or negative as well. These costs are 

allocated to certain groups of consumers as a component of the GAM.

The mechanism by which GA is allocated am ong consumers has im portant implications 

for the functioning of the wholesale electricity market. From its creation in January 

200522 until December 2010 GA costs were allocated among consumers in proportion to 

their consumption, i.e., GA was levied at a specific rate (gt, $ per MWh of consumption). 

The allocation mechanism was meaningfully altered as of 1 January 2011. The changes 

are described in Appendix II-A, but are otherwise ignored in this analysis for reasons 

given there.

20 The structure of individual procurement initiatives varied across initiatives. For instance, the initial 
wind generation contracts followed from a request-for-proposals process, while all solar generation 
contracts resulted from individual firm applications to various standard offer processes. The details of 
these procurement structures are not relevant within the context of this study.
21 It is likely the case that a large proportion, if not all, of the supply that entered the market as a result of 
these contracts w ould not have entered otherwise.
22 The GA is defined, for the period prior to January 2005, to be zero both in aggregate terms and as a rate.
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The impact of the program m e of policy-induced entry m anifests itself in the wholesale 

electricity market in two forms. First, supply is greater than it w ould have otherwise 

been. Second, the costs imposed through the allocation of GA will im pact net-of-GA 

willingness to pay for electricity. The details of these two effects on various 

components of the market, as well as m arket equilibrium, are discussed in the next 

section.

3.2. The wholesale market

This section outlines the general structure of O ntario 's wholesale electricity m arket .23 

The model of Ontario's electricity m arket is composed of six distinct equations relating 

to: (1) Ontario-based supply; (2) imports; (3) Ontario-based dem and; (4) exports; (5) the 

regulator's budget constraint; and (6 ) a quantity equilibrium  condition.

3.2.1. Supply

Supply is offered into Ontario's wholesale electricity m arket by both Ontario-based 

generators and importers.

3.2.I.I. Ontario-based supply

Ontario-based supply ) relates to electricity produced within Ontario and is 

endogenously determined within the model. In particular, it does not include im ports 

of electricity to Ontario.

Ontario-based generators produce electricity using a variety of different technologies 

and fuel sources, and operate under a variety of different contractual arrangem ents

23 There are important issues related to real-time managem ent of the electricity market and the time 
periods in which certain electricity resources are scheduled. In particular, inter-jurisdictional trade is 
determined and fixed in advance of real tim e—in the so-called pre-dispatch period. Consideration of 
such issues is beyond the scope of this study.
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relative to the regulator. The regulator's program m e of generation procurem ent 

impacts wholesale m arket supply in two respects: offer quantities and offer prices.

The quantity of offers is impacted by the generation procurem ent program m e because it 

results in generators offering supply that w ould otherwise not be in the m arket. In 

other words, if a generator w ould not have entered Ontario's market in the absence of 

regulatory inducement, then the regulator's activity will have raised the quantity of 

offered supply.

Regulator activities also impact the prices at which generators in the m arket offer 

supply. It is assum ed that generators offer their production into the wholesale m arket 

at their private opportunity cost—which is directly affected by the contractual terms 

offered by the regulator, if any. Consider two examples. First, a generator operating 

without a contract will have an opportunity cost equal to its physical incremental cost 

of supply. It is expected to offer its supply at this price. A detailed discussion of the 

contract structures relevant to Ontario is provided in Appendix II-B. In short, contracts 

between the regulator and generators have im portant effects on supply offers.

Ontario-based electricity producers are paid the wholesale market clearing price (pt ) — 

in addition to which some generators also receive contractually specified out-of-market 

payments as described above. Regardless of contract structure, offering below the 

wholesale m arket clearing price is a necessary and sufficient condition for receiving 

dispatch instructions to produce .24

24 Ontario's electricity system  operator determines tw o dispatch schedules. The first is the so-called  
constrained schedule, which minimises the total cost of meeting demand and accounts for all constraints 
relevant to the market. Physical dispatch instructions to generators are based on this schedule. The 
second is the so-called unconstrained schedule, which functions similarly but ignores all (Ontario) 
internal transmission constraints. While there is no economically sensible reason for any physical 
constraint to be ignored in the determination of prices, wholesale market prices are based on this 
schedule.
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For some electricity producers the wholesale m arket clearing price is the critical 

variable considered in relation to supply offers. For instance, it is generally the case that 

coal-fuelled thermal generators desire to produce whenever the wholesale m arket 

clearing price exceeds their incremental cost. Certain other generators, natural gas- 

fuelled thermal generators in particular, operate under contracts that include significant 

lump-sum transfers that are reduced whenever the wholesale m arket clearing price 

exceeds their contractually specified incremental costs. The result is that such firms are 

exposed to wholesale m arket conditions and tend to produce m ore ou tpu t w hen the 

wholesale m arket price is higher. It is expected that Ontario-based supply will be 

increasing in the wholesale m arket clearing price.

Presuming that firms exposed to the wholesale m arket clearing price—such as coal- and 

natural gas-fuelled generators—will produce w henever that price exceeds incremental 

cost, offers from Ontario-based electricity producers in the wholesale m arket will be 

dependent on the level of those incremental costs. A unitless fuel price index, 

denoted fu e l t and constructed as the weighted average of H enry Hub natural gas and 

Central Appalachian coal prices, is taken as a proxy for incremental costs .25 Each 

commodity trades on the New York Mercantile Exchange. The associated prices are 

converted into Canadian currency. The weights used in the construction correspond to

25 The Henry Hub is a major natural gas pipeline junction located in Louisiana, United States. Central 
Appalachia is a major coal-producing region in central part of the Appalachian Mountains, roughly  
centred on West Virginia. Certain coal-fuelled generators in Ontario—Nanticoke Generating Station and 
Thunder Bay Generating Station, both owned by the provincial crown corporation Ontario Power 
Generation—also use coal from the Powder River Basin, located in Montana and W yoming, United  
States. The market for coal from the Powder River Basin is smaller, and the price less volatile, than that 
from Central Appalachia. The Ontario-based generators that use it tend to purchase it under long-term  
contract, thereby dim inishing the importance of the market price from an opportunity cost perspective. 
These features suggest the price of Central Appalachian coal is relatively more important than the price 
of Powder River Basin coal.
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the relative am ount of generation capacity installed in O ntario . 26 The fuel price index is 

assumed to be determined exogenously of Ontario's electricity market. Supply is 

expected to be decreasing in the level of the fuel price index.

There is a class of producers whose level of production is not dependent on the 

wholesale market price. W ithin this class there are three sub-classes: producers whose 

output is independent of price due to (i) contractual arrangements, (ii) technical 

generator characteristics, and (iii) environmental conditions.

At the level of a specific firm, contractual arrangem ents can result in a situation w here 

output is independent of the wholesale market clearing price if the incentives created by 

the contract result in the wholesale market clearing price—or any other real-time 

market conditions—not entering the firm 's profit function. If the difference betw een the 

contract price and the physical incremental costs of supply is positive, the generator 

will perceive its opportunity cost of supply as being negative, that is, reducing supply 

by one unit will lead to a loss of contract revenue in excess of the physical incremental 

cost of supply. Therefore, a profit maximising firm will maximise production. Since, as 

discussed above, offering below the wholesale m arket price is a necessary and sufficient 

condition for being dispatched to produce, such generators will offer into the m arket at 

the lowest price allowed. In Ontario, this price is negative $2,000 per MWh. Such 

contractual arrangements can be referred to as fixed-price contracts and are the type of

26 For instance, if, in a given month t, the amount of coal-fuelled generation capacity was double the 
amount of natural gas-fuelled generation capacity, the coal price w ould receive a w eight of % and the 
price of natural gas w ould receive a weight of Vs in the construction of the fuel price index for that month. 
These weights have changed since market opening, reflecting the construction of new  natural gas-fuelled  
generators and the decom missioning of incumbent (at the time of market opening) coal-fuelled  
generators. Since the fuel mix is largely a matter of public policy, the w eights are assum ed to be 
determined exogenously of the wholesale electricity market. Indeed, coal is currently planned to be 
com pletely eliminated as a fuel in Ontario as a result of provincial government policy.
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contracts under which renewable resource generators , 27 non-utility generators (NUGs), 

and most nuclear generators operate in Ontario.

Another situation w here output may be independent of the wholesale m arket clearing 

price is as a result of the technical characteristics of the generation technology. For 

instance, nuclear powered generators have relatively limited ability to vary their level 

of output when in operation and, as a result, tend to produce output at or near their 

maximum capacity whenever in operation .28 Following shutdown, such generation 

facilities often require several days before production can resume. As a result, output 

tends to be independent of the wholesale m arket clearing price.

Finally, output will be independent of the wholesale m arket clearing price if its level is 

determined exogenously by environm ental conditions. For instance, hydroelectric 

generators use elevated w ater as the variable input in their production process. While it 

is often the case that such generators can vary their production on an hour-by-hour 

basis in response to m arket conditions, aggregate generation on  a m onthly basis is 

principally a function of the am ount of w ater available—a characteristic beyond the 

generator's control. In addition to their contractual arrangements, w ind and solar 

resource generators are additional examples that tend also to be characterised by having 

a level of output exogenously determ ined by environm ental conditions.

27 The m ost important renewable resource technology in use in Ontario today, aside from large-scale 
hydro, is w ind power. Solar and, to a lesser extent, biom ass resource generators have also been 
constructed in Ontario. In the case of wind and solar resource generators, profit maximisation by 
maximisation of output manifests itself as the generator producing output at the greatest feasible level 
given the quality of inputs, air m ovem ent and solar conditions respectively, available at each time. As 
noted subsequently, see the discussion of the situation where output levels are exogenously determined 
by environmental conditions.
28 The ability of nuclear powered generators to vary their level of output is relatively limited in the sense 
of a comparison to other generator resource types. For instance, hydroelectric generators can change 
their output quickly and repeatedly throughout a single day, including ceasing and resuming production.
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Taken together, the electricity generators discussed im m ediately above—renewables, 

NUGs, nuclear, and hydro—constitute a class of electricity producers whose level of 

output is not dependent on the wholesale m arket clearing price. The production of this 

class of producers is often referred to as baseload generation (baseload t). H igher levels 

of exogenously determined baseload generation are synonym ous w ith greater supply. 

Therefore, it is expected that quantity supplied will be increasing in the quantity 

baseload generation.

Thus, the specification of the Ontario-based supply curve used in the m odel is

Rt = Yo + YiPt + Y2 f u e l t + y^baseloadt + elt (II-l)

3.2.I.2. Im ports29

In addition to Ontario-based supply, electricity exchanged in O ntario 's wholesale 

m arket can originate outside of province (qfl. Such supply constitutes im ports of 

electricity with respect to Ontario, which are m odelled separately from Ontario-based 

supply so as to avoid constraining the wholesale m arket clearing price to having the 

same marginal effect as it does on Ontario-based supply. As a result, im ports are 

permitted to have a different price elasticity than Ontario-based supply. Im ports of 

electricity to Ontario are endogenously determ ined within the model.

As with Ontario-based supply, im ports are expected to be increasing in the wholesale 

m arket clearing price (pt). Given that arbitrage is a critical aspect of the nature of inter- 

jurisdictional trade, import supply is expected to be relatively more elastic than 

Ontario-based supply since traders are assum ed to actively seek out the highest price 

jurisdictions in which to offer their power for sale, i.e., traders can easily offer their

29 Inter-jurisdictional trade of electricity is feasible in relation to N ew  York, Michigan, Minnesota, 
Manitoba, and Quebec.
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electricity into other markets. Ontario-based suppliers, on the other hand, m ust offer 

their production into Ontario's electricity m arket if they want to receive a production 

schedule, irrespective of where they intend their output to ultimately go .30 W ith data 

measured in levels and not logs, this feature need not imply anything about the 

magnitude of the coefficient associated w ith the wholesale m arket clearing price relative 

to its equivalent in the Ontario-based supply equation. Unlike exports, w ith im ports 

there is no issue regarding global adjustm ent (g t).

Im ports are also expected to be dependent on contemporaneous market conditions in 

neighbouring jurisdictions. As prices in neighbouring jurisdictions are assum ed to be 

endogenous w ith respect to Ontario's wholesale electricity market, such electricity 

prices cannot be used as a m easure of the conditions prevailing in those markets. 

Instead, the quantity of electricity consumed in New York state (called the New York 

integrated load and denoted (NY_Lt)) is used as a proxy for m arket conditions beyond 

Ontario. With respect to imports, it is expected that, ceteris paribus, higher levels of 

electricity consumption in New York will result in lower levels of im ports to Ontario as 

electricity is likely to be more highly valued in New York than in Ontario under such 

circumstances . 31

Finally, electricity is often transm itted between two neighbouring jurisdictions using 

Ontario's transmission system. The explicit linking of the im port and export 

components of the associated transactions results in a so-called linked-wheel 

transaction. The M arket Surveillance Panel (MSP, January 2009) reports that during the

30 Generators are not allowed to inject power into the electricity system without being selected to do so by 
the electricity system operator. In other words, generators can only acquire physical transmission rights 
as a result of offering into the wholesale electricity market.
31 A variety of alternative control variables for contemporaneous market conditions in neighbouring 
jurisdictions were considered. For instance, the market-determined price o f electricity in N ew  York was 
one such candidate. However, there is a collinearity issue between this price and Ontario's wholesale 
market electricity price. The N ew  York integrated load allows a less problematic indication of demand in 
N ew  York to be obtained.
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seven-month period January to July 2008 there were an unusually  large num ber of 

linked-wheel transactions through O ntario . 32 Since linked-wheel transactions have no 

net impact on inter-jurisdictional trade, they do not impact O ntario 's wholesale m arket 

clearing price. They do, however, impact gross im ports (and exports) of electricity. To 

control for the tem porary increase of such transactions, a dum m y variable equal to one 

for the seven specified months of 2008 and zero otherw ise—denoted lin ked t —is 

included in the model.

Thus, the specification of the im port equation used in the m odel is

q\ = SQ + SxPt + 82NY_Lt + S3linked t + e2t (H-2)

3.2.2. Demand

Demand for electricity in Ontario's wholesale m arket arises from  Ontario-based 

consumers and exporters.

3.2.2.I. Ontario-based consumers

Ontario-based dem and ( q f ) relates to electricity consumed w ithin Ontario and is 

endogenously determined within the model. In particular, it does not include exports 

of electricity from Ontario.

Ontario-based consumers pay the m arket clearing price (pt) as well as global 

adjustment (g t) for each unit of consumption. Assum ing that consum ers respond to the 

all-in price rather than to its components, as far as price is concerned, consum ers will 

respond to the sum  of the market-clearing price and global adjustm ent (pt + g t ). It is

32 The Market Surveillance Panel (MSP, July 2008) reports that this issue emerged as a result of certain 
technical characteristics of electricity markets in the United States. The issue w as resolved as a result of 
market rule changes enacted by the N ew  York Independent System Operator in July 2008 (MSP, January 
2009).

21



expected that Ontario-based demand will be decreasing in the all-in price. Both the 

market clearing price and global adjustment are endogenous variables in the m odel . 33

Given that indoor climate control—principally space heating and cooling—is one of the 

most im portant uses of electricity, consumption is likely to be dependent on am bient 

temperature. However, in general dem and will be neither an increasing nor a 

decreasing function of temperature. Rather, the impact of a change in ambient 

tem perature on quantity demanded will be dependent on the initial ambient 

temperature. Thus, if the ambient tem perature is relatively low, say 0° C, and assum ing 

that consumers desire to heat a certain am ount of space to a particular (higher) 

temperature, then an increase of the ambient tem perature will reduce the am ount of 

electricity required for space heating. Similarly, if the ambient tem perature is relatively 

high, say 30° C, and assuming that consumers desire to cool a certain am ount of space 

to a particular (lower) temperature, then an increase of the ambient tem perature will 

raise the am ount of electricity required for space cooling. For these reasons, dem and 

will not be a monotonic function of tem perature.

Given the description above regarding the impact of a change of ambient tem perature 

on demand, it is reasonable to conclude that dem and is increasing in the extent to which 

ambient tem perature deviates—above or below —from a typical indoor tem perature 

chosen by hum ans. The concept of a heating degree day (HDDt) can be used to 

m easure the m agnitude by which the ambient tem perature is below a specified

33 H ouseholds (and certain other classes of consumers) in Ontario are eligible to participate in the 
regulated price plan (RPP) designed by the Ontario Energy Board (OEB). Consumers enrolled in the RPP 
pay specified rates for electricity—either tiered or time-of-use as applicable—that are fixed in advance for 
six-month periods. The plan is designed to smooth the costs associated w ith electricity usage. These 
rates are set based on forecasts of wholesale market energy prices and global adjustment with the intent 
of recovering the market-determined costs of consumption. At their own discretion, consumers may opt- 
out of the RPP in favour of a variety of com petitively determined alternative contract structures. The 
remaining RPP-enrolled consumers are expected to have the lowest elasticity of demand of any class of 
consumers in Ontario's electricity market.
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threshold . 34 Consider a threshold of 18° C. The HDD m easure for any given day will be 

the greater of (1) 18° C less the average am bient tem perature and (2) zero. Thus, if the 

ambient tem perature is less than 18° C, a 1 ° C decrease will correspond to one 

additional heating degree day, while if the am bient tem perature is greater than 18° C, a 

1° C decrease will correspond to no change in the num ber of heating degree days .35

Analogously, the concept of a cooling degree day (CDDt) can be used to m easure the 

magnitude by which ambient tem perature is above the specified threshold. Thus, if the 

ambient tem perature is greater than 18° C, a 1° C increase will correspond to one 

additional cooling degree day, while if the am bient tem perature is less than 18° C, a 1°

C increase will correspond to no change in the num ber of cooling degree days .36

Monthly m easures of HDD and CDD can be com puted by sum m ing the relevant daily 

HDDs and CDDs. It is expected that dem and will be increasing in both measures. 

However, there is no reason to believe that the m arginal effect of a one unit change of 

HDD will be the same as the marginal effect of a one unit change of CDD. Therefore, 

the two measures both appear independently in the dem and equation.

Finally, consum ption of electricity in Ontario is expected to be sensitive to the state of 

the macro economy in Canada and beyond. A broad m easure of electricity-intensive 

economic activity is included in the m odel to control for this aspect of dem and. The 

control variable adopted is the Institute for Supply M anagem ent's (ISM) M anufacturing 

Supplier's Delivery Index. This index m easures deliveries of m anufactured goods by 

producers located in the United States. To eliminate a potential endogeneity problem

34 The first over-the-counter weather derivatives, based on this concept, were introduced in 1997. Various 
related weather futures and options on weather futures have been exchanged on the Chicago Mercantile 
Exchange since September 1999. For additional detail, see chapter 20 of Hull (2002).
35 A 1° C decrease of ambient temperature corresponds to a fractional HDD if the initial temperature is 
less than 19° C.
36 Analogously for C D D —see the previous footnote.
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between this variable and Ontario-based dem and, a one-m onth lag is used in

place of contemporaneous delivery index in the m odel .37

Thus, the specification of Ontario-based dem and equation used in the m odel is

q f  = a 0 + aiCpt + g t) + a 2HDDt + a 3CDDt + a AMt - x + e 3t (II-3)

3.2.2.2. Exports

In addition to Ontario-based demand, electricity exchanged in O ntario 's wholesale 

market is also consumed outside the province Such dem and constitutes exports of 

electricity with respect to Ontario and is m odelled separately from Ontario-based 

demand. The rationale for this choice is analogous to the treatm ent of im ports. Exports 

of electricity from Ontario are endogenously determ ined w ithin the model.

As with Ontario-based demand, exports are expected to be decreasing in the wholesale 

market clearing price (pt). Given that arbitrage is a critical aspect of the nature of inter- 

jurisdictional trade, whereas Ontario-based dem and is determ ined by local economic

37 Many alternative control variables exist that are sensitive to the state of the macro econom y. For 
instance, the ISM also publishes an index called the Purchasing Managers' Index. This index is based on 
data broader in nature than deliveries (and, therefore, the deliveries index). However, since electricity 
usage is relatively more important to manufacturers than to other commercial firms, the deliveries index 
is a broad measure of economic activity that is particularly important to the electricity industry. Other 
potential alternative control variables considered include direct measures of the amount of 
manufacturing output (in Ontario, Canada, and the United States, or beyond) or manufacturing capacity 
utilisation, at sector, subsector, industry group, and industry levels as defined by the North American 
Industry Classification System (NAICS). Use of manufacturing sector data yields generally similar 
results, suggesting a degree of robustness to the particular choice made. U se of the less aggregated  
measures of manufacturing yielded varying results. This is likely a result of industry-specific effects. For 
instance, data regarding the transportation equipment manufacturing subsector (NAICS 336) and its 
nested industry groups and industries can be significantly impacted by planned shutdow ns (say, for 
annual maintenance) and various other idiosyncratic effects such as strikes that are not meaningful 
factors relevant to outcom es in Ontario's electricity market. Industry-level analysis w ould  be required to 
appropriately handle these issues. This is beyond the scope of the analysis undertaken in this thesis. 
Aside from its broad-based nature, the price index used was chosen because it is a long-established  
measure of manufacturing activity, having first been calculated in 1948. For a detailed discussion of the 
price index, including its usefulness as an indicator of manufacturing-sector activity, see Koenig (2002).
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and environmental conditions in addition to the price, export dem and is expected to be 

relatively more price elastic. W ith data m easured in levels and not logs, this feature 

does need not imply anything meaningful about the m agnitude of the coefficient 

associated with price relative to its equivalent in the Ontario-based dem and equation. 

Note that in the (base-) case described above, it is the wholesale market price alone— 

and not the wholesale m arket price plus global adjustm ent as in  Ontario-based 

dem and—that is relevant to exports. The reason is that exports of electricity from 

Ontario are not charged global adjustment.

Exports are also expected to be dependent on contem poraneous market conditions in 

neighbouring jurisdictions. The quantity of electricity consum ed in N ew  York state 

(called the New York integrated load and denoted (NY_Lt)) is used as a proxy of market 

conditions beyond Ontario. It is expected that, ceteris paribus, higher levels of electricity 

consumption in New York will result in higher levels of dem and for exports of 

electricity from Ontario.

The dum m y variable discussed in relation to im ports concerning linked-wheel 

transactions is included in the specification of the export equation based on an 

analogous rationale.

Thus, the specification of the export equation used in the m odel is

<7t = Po + Pi Pt + p2NY_Lt + pslinked t + c4t (II-4)

3.2.3. The regulator's budget constraint

The regulator's operations began on 1 January 2005. Its purpose and objectives, along 

with other details, were described above. This section describes the budget constraint 

that binds on the regulator, which ensures that the costs incurred by the regulator in its
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activities are recovered from (certain) electricity consum ers through the global 

adjustment mechanism.

3.2.3.I. Revenues

The regulator collects revenue by levying the GA fee (g t) on Ontario-based dem and 

{ g f). Regulator revenue is the product of these two variables.

During the period from m arket opening to 31 December 2004, before the regulator 

existed, global adjustment was not levied, i.e., g t = 0 , and consequently no revenues 

were obtained. This is accounted for in the modelling process.

The structure of the GA allocation mechanism was changed effective 1 January 2011.

As a result of the change two classes of Ontario-based consum ers arose: class A and 

class B. This issue is considered further in A ppendix II-A, bu t is ignored in the 

modelling process for two reasons. First, the vast majority of Ontario-based consumers 

(based on quantity dem anded) are expected to be class B consumers for whom  global 

adjustment will be calculated and levied in an unchanged manner, i.e., as a specific 

rate {gt)- Second, the new policy regime was only in place for the final six m onths/ 

observations of the sample period and consumers were just beginning to adapt thereto.

Thus, the regulator's revenues are

Revt = g t * qt (H-5)

The discussion will return  to the specification of equation (II-5) in relation to the 

counterfactual policies. In particular, under the counterfactual policy in which GA is 

applied to exports, it will be altered.
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3.23.2 .  Expenses

As described in section 3.2.1.1 and Appendix II-B, significant expenses related to 

contractually specified out-of-market top-up paym ents to certain electricity generators 

are borne by the regulator. The regulator also bears significant expenses associated 

with a programme of conservation activities.

The equation for regulator expenses, reproduced from Appendix II-B, is

Expt = qYind * {p™ind ~ Pt) + ql°lar * so larjcapacity  * (p lolar -  Pt)

+ q?U9S * (PcU9S ~ Pt) + q?UClear * (p?uclear ~ Pt) + qbt ase~hydro * ( p f seJiydro -  Pt) 

+ n a t _gas_capacityt + con tingencyt + conserva tion t (H-6)

This equation calibrated as described in Appendix II-B is

Expt = q f nd * (135 -  Pt) + q st olar * 0.19 * (420 -  Pt)

+ 1577 * (75 -  Pt) + q ™ clear  * ( 5 5  _ p j  + 19qq * ( 3 3  _ p j

+ n a t _gas_capacityt + con tingencyt + c o n se rv a tio n  (II-7)

Note that the specification outlined in equations (II-6 ) and (II-7) does not guarantee or 

require that out-of-market top-up paym ents be positive transfers of funds from the 

regulator to generators. If the wholesale m arket clearing price was high enough, 

elements of the regulator's expenses could be negative, i.e., the top-up can act as a claw

back mechanism.

In the period before the regulator existed—from m arket opening to 31 December 2004— 

it obviously incurred no expenses requiring recovery. This period corresponds to the 

period during which global adjustm ent w as not levied as described in the immediately
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preceding section.

The structure of regulator expenses was not altered by the global adjustm ent reforms of 

201 0, as described in Appendix II-A.

3.2 .33 .  Budget balance

The regulator is required to balance its budget, i.e., it m ust raise the same am ount of 

revenue by choice of the global adjustm ent rate as it incurred as expenses carrying out 

its various activities. Therefore, equations (II-5) and (II-6 ) or, equivalently, equations 

(II-5) and (II-7), m ust be equal. Thus

R evt = Expt

Substitution yields

g t * q f  = q™ind * (p^md -  Pt) + q t° lar * solar jc  opacity  * (p*olar -  Pt)

+  q ™ g s  *  ( p ™ 9 s  -  +  q n u c lea r  *  ^ n u c l e a r  _  p  J

base_hyd.ro (  b a se j iyd ro  n \
+ Rt * \Pc ~ Ft )

+ nat_gas_capacityt + con tingencyt + c o n se rv a tio n  (H-8 )

This is the equation that endogenises the GA rate. If the regulator's expenses are 

positive in aggregate then the GA rate is positive, that is, GA collects revenue from the 

specified set of consumers. Alternatively, if the regulator's expenses are negative in 

aggregate the GA rate is negative, that is, GA returns revenue to the specified set of 

consumers.

3.2.4. Equilibrium

For the wholesale electricity market to clear, quantity supplied m ust equal quantity
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demanded. Conceptually, this means that Ontario-based supply plus im ports m ust 

equal Ontario-based dem and plus exports. However, this condition m ust be adjusted 

to account for transmission losses associated w ith the transm ission of electricity.

When electricity is transm itted across a transmission system, a fraction of w hat is 

dispatched does not arrive at its destination. For instance, some of the dispatched 

electricity is converted to heat and lost. The dispatched electricity that is lost is referred 

to as line losses and can be thought of as the transportation cost associated w ith 

transmitting electricity from its point of generation to its point of consum ption. Line 

losses—denoted as 0 < L < 1 —are m odelled as a constant fraction through time; a 

process sometimes referred to as iceberg transportation costs in other contexts. In 

particular, L = 0.025 is assumed, i.e., line losses constitute 2.5% of dispatched electricity.

Thus, the specification of the m arket clearing equilibrium  condition in quantities in the 

model is

q f  + qf  = (1 -  Z.) » ( q f  * qf) (II-9)

4. Data and literature review

This section discusses the data used in the electricity m arket m odel estim ated in this 

chapter and summarises a few empirical findings regarding price elasticities that are 

reported in existing literature.

4.1. Data

This study uses m onthly data observed over a 110 m onth period from M ay 2002 to June 

2 0 1 1 , inclusive.

The six endogenously determined variables—wholesale m arket clearing price, global 

adjustment, Ontario-based supply, imports, Ontario-based dem and, and exports—as
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well as the so-called all-in price, that is, the sum  of the wholesale m arket clearing price 

and GA, are plotted in Figures II-3, II-4, and II-5. Summary statistics for these variables 

are reported in Table II-l. Summary statistics for the exogenous variables used in the 

econometric model are reported in Table II-2.

The two market-determined prices—the wholesale m arket clearing price and the GA 

rate—are illustrated in Figure II-3. It is apparent that at the regulator's origin the GA 

was near zero and subsequently somewhat negative. This is consistent w ith the 

regulator's generation procurem ent program m e just being initiated . 38 Over time, as the 

m agnitude of regulatory activity increased, the costs funded by the GA increased. The 

creation of the GA appears to have stabilised the all-in price (which, before the creation 

of the GA was the wholesale market price itself). The seasonal character of Ontario- 

based demand — with local peaks in both the sum m er and the winter, w ith spring and 

fall shoulder seasons, all of which is largely driven by average air tem perature—is 

illustrated in Figure II-4. Figure II-4 also reveals the m agnitude of net exports, which is 

the difference between Ontario-based supply and dem and.

The individual components of net exports—im ports and exports—are illustrated in 

Figure II-5. Over the 110 m onth study period, Ontario was generally a net exporter, 

with average net exports averaging approxim ately 350 MW h per hour. During the 

period shortly after market opening, Ontario was, on average, a net im porter of 

electricity. During the last 24 months of the study period net exports averaged 

approximately 1,070 MWh per hour. The long-run trend tow ards exporting more, 

importing less, and consequently having higher net exports is clear from these data as 

well as Figure II-5. This trend is driven, at least partially, by the general decline of the 

wholesale m arket clearing price—which is the price paid  (received) by (for) exports

38 Other regulatory programmes, such as various conservations initiatives, began sim ultaneously. See 
Appendix II-B for additional detail.
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(imports) . 39 It is this long-run trend that motivates interest in the counterfactual policy 

under which the GA rate would be applied to exports.

The data regarding New York integrated load results from a m arket process sim ilar— 

though different in m any im portant respects—to Ontario's for the full duration of the 

study period. Note that the opening of New York's wholesale electricity m arket pre

dates Ontario's.

Electricity market data were obtained from the Independent Electricity System Operator 

(IESO), Ontario Power Authority (OPA), and Ontario Energy Board (OEB). Canadian

Figure II-3: Wholesale market price, global adjustment, and the all-in price
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39 This statement ignores the role of intertie congestion, which when present creates a w edge between the 
internal and external Ontario electricity prices. This issue is the subject of the companion chapter on 
Ontario's market for financial transmission rights (FTR). The full impact of the regulator's activities 
depends on outcom es in that market and is critically dependent on whether FTR auction markets are 
efficient, i.e., characterised by forward market unbiasedness or not.
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Table II-l: Summary statistics of endogenous variables

Variable Units Mean Std. Dev. M inimum Maximum
q f MWh per hour 16,611.5 1,242.8 13,766.0 19,352.8
q st MWh per hour 17,483.2 1,264.9 14,984.0 20,537.0
q et MWh per hour 1,381.3 682.2 49.0 3,512.0

q\ MWh per hour 935.8 416.1 216.0 2,154.0
Pt Dollars per MWh 49.01 15.32 19.60 98.10
9t Dollars per MWh 9.43 15.68 -21.37 50.05

Pt + 9t Dollars per MWh 58.44 9.49 30.07 88.17

Table 11-2: Summary statistics o f exogenous variables

Variable Units Mean Std. Dev. M inimum Maximum
HDDt Degrees Celsius 1 0 . 2 0 8.78 0 . 0 0 27.39
CDDt Degrees Celsius 1 . 0 1 1.62 0 . 0 0 6 . 2 1

Mt- i  1 Unit int. index 55.91 7.93 26.30 70.00
NY_Lt MWh per hour 16,494.1 1,515.7 14,223.4 20,743.5
fu e l t Dollars 4.23 1.06 2.60 7.59

baseloadt MWh per hour 14,707.6 1,427.1 9,870.0 17,555.5

weather data are from Environment Canada. N atural gas and coal prices are from the 

United States Energy Information Adm inistration (US EIA), converted to Canadian 

currency using the last exchange rate observation for the m onth, as recorded by the 

Bank of Canada. The Institute for Supply M anagem ent's M anufacturing Supplier 

Delivery Index was obtained from the Federal Reserve Economic Data (FRED) database 

maintained by the Federal Reserve Bank of St. Louis.

4.2. Previous estimates of price elasticities

There is a voluminous literature associated w ith the analysis of electricity markets. 

While m uch of this work was motivated by the desire to undertake policy analysis, 

since this chapter is focused on the developm ent of a m odel of Ontario's electricity
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market in its own righ t—with policy analysis to follow in chapter III—a small subset of 

this literature is considered here. In particular, attention here is paid to the results of 

previous empirical investigations of the price elasticities of the various components of 

the market. It is to these investigations that the empirical results derived later in this 

chapter can be compared.

Estimation of the price elasticity of dem and for electricity has been carried out on m any 

occasions. Taylor (1975) emphasised the importance of distinguishing betw een the 

short and long run  in the context of electricity dem and. Given the focus of this chapter, 

attention here is paid to short-run analyses.

One early analysis of electricity dem and was reported by Houthakker (1951), in which 

data for the years 1937 and 1938 from 42 m unicipalities in the United Kingdom were 

analysed. The price elasticity of dem and was reported to be -0.9. Subsequent analysis 

by Houthakker and Taylor (1970) estimated the price elasticity on a state-by-state basis 

in the United States, w ith results ranging from -1.58 to -0.05 and an average in the 

inelastic range .40 Additional analyses in the early literature include Baxter and Rees 

(1968), Wilson (1971), Anderson (1973), Griffin (1974), Houthakker, Verleger, and 

Sheehan (1973), and M ount, Taylor, and Tyrrell (1973). By the time of Taylor (1975), it 

had become a stylised fact that electricity dem and is inelastic, and m ore so in the short 

run than in the long run.

Many additional analyses of electricity dem and have been conducted since the 1970s. A 

num ber of surveys of this literature have also been conducted. Among these surveys 

are Bohi and Zim m erm an (1984), Espey and Espey (2004), Reiss and White (2005), and 

Lijesen (2007). Estimates of price elasticity in these surveys vary considerably, though 

most are within the range -0.4 to -0.1, w ith an average of -0.2.

40 Alaska and Hawaii were excluded.
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There is a significant and growing literature associated w ith the estimation of price 

elasticity of supply, especially in relation to analysis of renewable portfolio s tandards— 

policy instruments intended to incentivise entrance and utilisation of renewable 

generation capacity into electricity markets. For an example of this literature, see 

Johnson (2010). However, the characteristics of electricity supply  in a given jurisdiction 

are at least somewhat dependent upon underlying geographic characteristics, such as 

the endowm ent of hydroelectric resources. Com pared to Ontario, jurisdictions such as 

Quebec, British Columbia, and Norway are endow ed w ith relatively significant 

hydroelectric resources, while jurisdictions such as Alberta, Texas, and Australia lack 

them almost completely. As a result, estimates of price elasticity of supply are less 

comparable across space than are estimates of price elasticity of demand.

Inter-jurisdictional trade of electricity has been m uch less w idely studied. The basic 

rationale for such trade is to arbitrage spatial price differences, w ith electricity flowing 

from low-price to high-price jurisdictions. Borenstein, Bushnell, and W olak (2002) 

explicitly accounts for the role of imports in its study of the Californian electricity 

market over the years 1998 to 2000, bu t does not explicitly undertake m easurem ent of 

their price responsiveness. M ansur (2003) estim ates the price elasticity of net im ports to 

range between 0.79 and 4.20 depending on the time of day, for the Pennsylvania-New 

Jersey-Maryland (PJM) market. IESO (2008) estimates the price elasticity of exports 

from Ontario to New York to range between -5.65 and -2.79 depending on the time of 

day, with an average of -4.67.

Taken together, the literature suggests that dem and is substantially less price 

responsive than is inter-jurisdictional trade.

5. Estimation and results

Each estimable equation is specified as a linear relationship of the variables as discussed
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above. Months are indexed w ith the subscript t. All 110 observations (months) are 

used in the estimation of each estimable equation.

5.1. Estimation technique and estimates

Each of the four estimable equations has one regressor—the relevant price—that is 

endogenously-determined. The equations, therefore, cannot be consistently estim ated 

w ith the standard ordinary least squares estimator. Instead, the four estimable 

equations are estimated by a generalised m ethod of moments instrum ental variables 

(GMM IV) estimator w ith heteroskedasticity and autocorrelation consistent standard 

errors. The instrum ents used in each equation are the excluded exogenous variables 

that appear in the other estimable equations of the system.

Econometric results associated w ith the estimation of equations (II-l), (II-2), (II-3), and 

(II-4) are reported in the four panels, A, B, C, and D, respectively, of Table II-3. The F- 

statistic associated w ith the appropriate first-stage regression and the J-test of over

identifying restrictions is also reported in the various panels of Table II-3.

These results were generated by use of Stata/SE 11.0 for Windows.

Table II-3: Panel A: Estimation of Ontario-based Supply Equation

Variable Coefficient z-statistic p-value
Pt 110.14 30.11 0 . 0 0 0

f u e l t -689.10 -10.53 0 . 0 0 0

baseloadt 1.023 35.19 0 . 0 0 0

Constant -68.62 -0.15 0.881
First-stage F-statistic (with p-value) 129.00 (0.0000)

J- statistic (with p-value) 1.6674 (0.8930)
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Table II-3: Panel B: Estimation of Import Equation

Variable Coefficient z-statistic p-value
Pt 20.29 17.52 0 . 0 0 0

NY_Lt -0.044 -5.27 0 . 0 0 0

linked t 723.19 2 2 . 1 2 0 . 0 0 0

Constant 612.97 6.14 0 . 0 0 0

First-stage F-statistic (with p-value) 200.43 (0.0000)
J- statistic (with p-value) 1.6508 (0.8950)

Table II-3: Panel C: Estimation of Ontario-based Demand Equation

Variable Coefficient z-statistic p-value
Pt + 9 t -84.55 -8.94 0 . 0 0 0

HDDt 190.69 46.82 0 . 0 0 0

CDDt 907.54 60.99 0 . 0 0 0

Mt- 1 19.39 7.27 0 . 0 0 0

Constant 17,607.3 34.94 0 . 0 0 0

First-stage F-statistic (with p-value) 63.02 (0.0000)
J- statistic (with p-value) 1.7740 (0.7772)

Table II-3: Panel D: Estimation of Export Equation

Variable Coefficient z-statistic p-value
Pt -21.71 -12.63 0 . 0 0 0

NY_Lt 0 . 1 2 2 14.05 0 . 0 0 0

linked t 1717.42 33.13 0 . 0 0 0

Constant 325.67 2.84 0.004
First-stage F-statistic (with p-value) 200.43 (0.0000)

J- statistic (with p-value) 1.7522 (0.8823)

5.2. Discussion

Before turning to a discussion of the coefficient estimates, the relevance and validity of 

the instruments used are considered. There are two basic requirem ents that an 

instrum ental variable m ust satisfy: it m ust be correlated with the endogenous variable
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and orthogonal to the (unobservable) error process. The first-stage F-statistic and the J- 

statistic can be used to consider these requirements. Each estimable equation is 

considered separately.

The first-stage F-statistic provides a useful rule-of-thumb regarding the assessment of 

the strength of the instruments employed, that is, w hether the instrum ents used are 

meaningfully correlated w ith the endogenous variable—of w hich there is one in each 

estimable equation. Weak instrum ents result, at best, in m isleading inference. Indeed, 

sufficiently weak instruments may function no better than random ly generated 

instruments. This point was m ade by, for instance, Bound, Jaeger, and Baker (1995) 

regarding Angrist and Krueger's (1991) study of returns to education and is an issue 

that m ust be considered here. Stock, Wright, and Yogo's (2 0 0 2 ) discussion of weak 

instruments in the context of GMM concludes that w hen the first-stage F-statistic is less 

than 1 0  that it is prudent to use an estimation m ethod fully-robust to instrum ent 

weakness instead of GMM. Flowever, of the four estimable equations considered here, 

the smallest first-stage F-statistic—approximately 63, from Table II-3 Panel C —is well 

above the threshold referred to by Stock, Wright, and Yogo (2002).

Hansen's (1982) J-statistic can be used to assess an instrum ent's independence from  the 

(unobservable) error process. This test can be used if an equation is overidentified — 

which is true of each of the estimable equations. The null hypothesis is jointly that the 

instruments are orthogonal to the error and the m odel is correctly specified. A rejection 

of the null hypothesis implies that either the instrum ents do no t satisfy the 

orthogonality condition or the m odel was misspecified. Such a result implies that either 

the instruments are not exogenous or were wrongly excluded from the regression. As 

reported in the various panels of Table II-3, the null hypothesis is not rejected in relation 

to any of the four estimable equations.
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These results, taken together, afford confidence in both the m odel specifications and 

instrum ents chosen.

With respect to the coefficient estimates, w ith the exception of the constant in the 

Ontario-based supply equation, all coefficient estimates differ statistically from zero in 

the directions described in section 3.

The coefficient estimate associated w ith the wholesale market clearing price in the 

equations for Ontario-based supply and im ports are both positive and statistically 

significant. In other words, each of these curves is upward-sloping. In particular, ceteris 

paribus, a $1 per MWh increase of the wholesale m arket clearing price corresponds to a 

110 MWh per hour increase in Ontario-based supply and a 20 MWh per hour increase 

in imports. On the other hand, the coefficient estimates associated w ith the price paid 

by consum ers—the wholesale m arket clearing price plus global adjustment in the case 

of Ontario-based dem and, and the wholesale m arket clearing price alone in the case of 

exports—are both negative and statistically significant. In other words, each of these 

curves is downward-sloping. In particular, ceteris paribus, a $1 per MWh increase of the 

relevant price paid by consumers corresponds to an 85 MWh per hour decrease in 

Ontario-based dem and and a 22 MWh per hour decrease in exports.

W ith respect to the Ontario-based supply equation, the coefficient estimate associated 

w ith the fuel price index—constructed using the coal and natural gas prices—is 

negative and statistically significant. This indicates that increased costs of generation 

have a negative marginal effect on m arket supply. The coefficient estimate associated 

w ith baseload generation is positive and statistically significant. This indicates that 

increased generation from generally non-price responsive generators increases supply.

W ith respect to the Ontario-based dem and equation, the coefficient estimates associated 

w ith the tem perature variables—HDD and CDD—are positive and statistically
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significant. This indicates that dem and is increasing in the extent to w hich ambient 

temperature deviates from 18° C, the baseline adopted in section 3. The relationship 

between these two variables, as well as the coefficient estim ates themselves, is discussed 

in further detail below. The coefficient estim ate associated w ith the m anufacturing 

activity index is also positive and statistically significant. This indicates that dem and is 

greater when there is greater m anufacturing activity.

With respect to the imports equation, the coefficient estimate associated w ith the New 

York integrated load variable is negative and statistically significant. This indicates that 

greater consumption of electricity in New York results in fewer im ports to Ontario, a 

result due to less electricity being available for export from N ew  York at any given price 

when New York dem and is relatively high. The coefficient associated w ith the dum m y 

variable related to the period—the first seven m onths of 2008—in which the volume of 

linked-wheel transactions was notably high is both  positive and statistically significant. 

The point estimate indicates that the average volum e of extraordinary linked-wheel 

transactions scheduled either through Ontario or ending in Ontario (thus, import-only) 

was approximately 723 MWh per hour during the period. This represents 

approximately 44% of the average 1655 MW h per hour of im ports observed during the 

seven-month period.

With respect to the exports equation, the coefficient estimate associated w ith  the New 

York integrated load variable is positive and statistically significant. This indicates that 

greater consumption of electricity in New York results in greater exports from Ontario, 

a result due to more electricity being dem anded in N ew  York at any given price when 

New York consumption is relatively high. This effect is, as expected, opposite that 

found in relation to imports. The coefficient associated w ith the dum m y variable 

related to extraordinary levels of linked-wheel transactions is both positive and 

statistically significant. The point estimate indicates that the average volum e of
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extraordinary linked-wheel transactions scheduled either through Ontario or beginning 

in Ontario (thus, export-only) was approximately 1,718 MWh per hour during the 

period. This represents approximately 58% of the average 2,974 MWh per hour of 

exports observed during the seven-month period.

It was noted above that the coefficient estimates associated w ith the tem perature 

variables—HDD and CDD—in the Ontario-based dem and equation were both positive 

and statistically significant. The coefficient estimates are 190.69 and 907.54, 

respectively. These values indicate that a 1° C decrease in the ambient tem perature 

below a threshold of 18° C, that is, a one-unit increase of the heating degree day (HDD), 

increases average dem and by approximately 191 MWh per hour. Similarly, a 1° C 

increase in the ambient above a threshold of 18° C, that is, a one-unit increase of the 

cooling degree day (CDD), increases average dem and by approximately 908 MW h per 

hour. (Recall that the data are m onthly averages.) In other words, dem and increases by 

an average of 191 MWh per hour when ambient tem perature falls by 1° C if it is 

relatively cold outside. Likewise, dem and increases by an average of 908 MW h per 

hour w hen ambient tem perature increases by 1° C if it is relatively w arm  outside. This 

reflects, to some extent, the use of electricity to power space-heating and -cooling 

equipment.

It is notable that the marginal effect on Ontario-based dem and due to a change in 

ambient tem perature seems to depend on the level of the ambient tem perature. That is, 

the marginal effects associated with the HDD and CDD variables are different.

W hether this apparent difference is statistically significant in nature can be assessed 

with a chi-square test. The test results41 indicate that it is indeed the case that the

41 The null hypothesis H0: a 2 = a 3 is tested against the alternative hypothesis H0: a 2 * a 3. The test- 
statistic is distributed as a chi-square variable with one degree of freedom. The calculated test-statistic 
value is 2,315.92, w ith a related p-value of 0.0000. As a result, the null hypothesis can be rejected.
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marginal effects differ, w ith the m arginal effect of a 1 ° C increase in the ambient 

temperature when it is relatively warm  outside being approxim ately five times greater 

than the marginal effect of a 1° C decrease in the am bient tem perature w hen it is 

relatively cold outside. The relatively large impact of a change of ambient tem perature 

when it is relatively w arm  outside reflects the lack of substitutes to electricity that are 

available to power space-cooling equipm ent com pared to space-heating equipm ent. In 

particular, space-cooling air conditioners are generally pow ered with electricity, while 

space-heating heaters can be powered w ith electricity as well as fossil fuels such as 

natural gas and propane. Indeed, according to data from the Office of Energy 

Efficiency, Natural Resources Canada, electricity pow ered between 13.1% and 15.4 % of 

space-heating equipm ent in Ontario during the years 2003 through 2009, inclusive 

(NRC, 2011, Table 5).

5.3. Price elasticity estimates

The econometric results can be used to estim ate the price elasticities associated with 

each of the four endogenously-determ ined quantities. The absolute values of these 

estimates are reported in Table II-4.

The point estimate of price elasticity of dem and is 0.301. This falls w ithin the range of 

estimates reported in the existing literature, as sum m arised in section 4.2. As discussed 

in section 4.2, estimates of price elasticity of supply are not directly comparable across 

jurisdictions.

The point estimates of price elasticity of im ports and exports are 1.103 and 0.976, 

respectively. Each of these estimates fall w ithin the range of estimates of price elasticity 

of net imports reported by M ansur (2003), as discussed in section 4.2. This suggests that 

the character of inter-jurisdictional trade between Ontario and its neighbours is not 

fundamentally different than that of California and its neighbours.
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Table 11-4: Price Elasticity Estimates42

Equation Estimate Std. Dev.
(1) Ontario-based supply 0.307 0.082
(2) Imports 1.103 0.158
(3) Ontario-based demand 0.301 0.064
(4) Exports 0.976 0.870

These data report that im port supply is greater than three times (1.103/0.307 = 3.59) as 

price elastic as Ontario-based supply and that export dem and is also greater than three 

times (0.976/0.301 = 3.25) as price elastic as Ontario-based dem and. Thus, inter- 

jurisdictional trade is far more price responsive than Ontario production and 

consumption, a result consistent with the view that inter-jurisdictional trade is driven 

by arbitrage. It is also notable that Ontario-based supply is approxim ately as price 

elastic as Ontario-based dem and (0.307 and 0.301, respectively). These results are 

particularly im portant in relation to the counterfactual policy discussion regarding the 

application of global adjustm ent to exports in chapter III.

6. Fitted base case

This section undertakes the fitting of the m arket equilibrium using the system of 

equations and econometric estimates reported in previous sections. This is the so-called 

base case. Section 6.1 describes the process by which the base case equilibrium  is

42 The price elasticity of Ontario-based supply, e/, was calculated for each month as

1 q'dPt)
where the denominator is equation (1)—the Ontario-based supply equation—evaluated at the observed 
wholesale market clearing price. The mean of this series, £s, is reported in Table II-4. The other price 
elasticities were calculated analogously, noting that in the case of Ontario-based dem and the relevant 
price in the wholesale market clearing price plus the global adjustment rate.

Elasticities are reported in absolute value terms.
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constructed. Section 6.2 reports results related to the base case, while section 6.3 

provides related discussion.

6.1. Procedure

This section provides an explanation of how the four estimable equations of the 

m odel—Ontario-based supply, imports, Ontario-based dem and, and exports—are 

combined with the two identities of the model —the quantity equilibrium condition and 

the regulator's budget constraint—to determ ine equilibrium. This explanation is 

accompanied by a technical description of the analytical solution to the system of 

equations in Appendix II-C.

The specification for Ontario-based supply adopted in section 3.2.1.1 is

Qt = Yo + Y i P t  + Y z f u e l t  + Y 3 b a s e l o a d t + elt (II-l)

Given that the exogenous explanatory variables—the fuel price index and the am ount 

of baseload generation—vary on a month-to-m onth basis, the component of the 

Ontario-based supply equation that is independent of the wholesale m arket clearing 

price can be represented, for m onth t, as

Yot = Yo + Y z f u e l t  + y 3b a s e l o a d t (11-10)

Substitution of equation (11-10) into equation (II-l) yields

Qt = Yo t  + TiPt + £it (n - i i )

Econometric estimates of the coefficients in equation (II-l) were reported in section 5.1. 

These estimates, in addition to the fuel price index and baseload generation data series, 

can be used to construct equations (11- 1 0 ) and (11-1 1 ), yielding a fitted equation for 

Ontario-based supply
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Figure 11-6: Base case Ontario-based supply
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This equation, referred to as base case Ontario-based supply in order to facilitate 

discussion of the policy counterfactuals, is illustrated in Figure II-6 . The graphical 

characterisation of equation (11-1 2 ), the function's positive slope and negative vertical 

intercept in particular, correspond w ith the discussion provided in section 3.2.1.1 and 

the econometric results reported in section 5.1.
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The specification for imports adopted in section 3 .2 .1 . 2  is 

q\=  d0 + 8xp t + 82NY_Lt + S3linked t + s2t 

Similarly to Ontario-based supply, define 

50t = do + 82NY_Lt 

q\ = dot + d i p t  + e2t

and

q lt = dot + di pt

(II-2)

(11-13)

(11-14)

(11-15)

Equation (11-15), referred to as base case im port supply in order to facilitate discussion 

of the policy counterfactuals, is illustrated in Figure II-7. The graphical characterisation 

of equation (11-1 2 ), the function's positive slope and positive vertical intercept in 

particular, correspond with the discussion provided in section 3.2.1.2 and the 

econometric results reported in section 6.1. In addition, since (gross) im ports m ust be 

non-negative, at prices below ( -  50t/<U im port supply is zero.

Figure II-7: Base case import supply

'ot
slope  = —
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Aggregate market supply is the sum of Ontario-based supply and imports. Using the 

econometric results reported in section 6.1., it can be w ritten as the sum  of equations (II- 

12) and (11-15). That is

Q tS = Rt + Qt = Yot + $ot + (5X + f i ) p t  (11-16)

Equation (11-16), referred to as base case aggregate supply, is illustrated in Figure II-8 .

Figure II-8: Base case aggregate supply
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Base case aggregate demand is the solid line. The graphical characterisation of equation 

(11-16), the function's positive slope and negative vertical intercept in particular, 

correspond with the discussion provided in sections 3.2.1.1 and 3.2.1.2 as well as the 

econometric results reported in section 6 .1 .

As noted above in the description of base case im port supply, a t prices below ( -  §0r/3i) 

import supply is zero .43 In other words, at prices below ( -  50t/^ i)  aggregate base case 

supply is comprised of Ontario-based supply only. W ith respect to Figure II-8 , this 

feature corresponds to base case aggregate supply being the dash-dot line at prices 

below (-  SotA ) -  This feature is not reflected in the m athematical representation of base 

case aggregate supply. This would be problematic if the wholesale m arket clearing 

price in any m onth t was ever less than ( -  Sm/d J .  This turns out not to be the case. The 

reason is that the fitted value of (gross) im ports w ould be negative, thereby violating 

the non-negativity assum ption .44

The specification for Ontario-based dem and adopted in section 3.2.1.3 is

q f  = a 0 + a r (p t + g t) + a 2HDDt + a 3CDDt + a 4 Mt _ 1 + e3t (II-3)

Similarly to Ontario-based supply and imports, define

a ot ~ a o + cc2HDDt + a 3CDDt + (H-17)

q f  = a ot + a ^ p t  + g t) + £3t (11-18)

and

q f  = dot + &i(Pt + g t) (H-19)

43 Note that ( -  Sot/S^) varies on a month-to-month basis.
44 If the wholesale market clearing price was ever less than ( -  S0t/S^)  in a given month, the sim ulation  
procedure would have to explicitly recognise this outcom e and set (gross) imports to zero. A s noted in 
the main text, this turns out not to be necessary.
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Equation (11-19), referred to as base case Ontario-based dem and, is illustrated in Figure 

II-9. The graphical characterisation of equation (11-19), the function's negative slope and 

positive intercept in particular, correspond with the discussion provided in section

3.2.1.3 and the econometric results reported in section 6.1.

The critically im portant feature of Figure II-9 is its illustration of the impact of the GA 

rate on observed dem and. The gross-of-GA dem and curve, based in principle on

Figure 11-9: Base case Ontario-based demand
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willingness-to-pay, is the dashed line while the net-of-GA dem and curve, which is 

observed in the wholesale electricity market, is the solid line, both of which possess the 

same slope. The vertical distance betw een the two lines is the GA rate, m eaning that the 

slopes are the same. The particular situation illustrated in Figure II-9 presum es a 

positive GA rate, that is, a GA rate that constitutes a charge to Ontario-based consumers 

of electricity. This is not the only possible case. As reported in Table II-l in section 5, 

throughout its existence the GA rate has been both positive and negative. A negative 

GA rate would constitute a rebate to Ontario-based consumers and w ould be associated 

with the net-of-GA demand curve being located above the gross-of-GA dem and curve 

in a diagram  analogous to Figure II-9. In any event, the equilibrium GA rate is 

endogenously determined within the electricity market.

The specification for exports adopted in section 3.2.1.4 is

= Po + PiPt + Pz NY_Lt + p 3lin ked t + £4t (II-4)

Similarly to the other estimable equations, define

Pot = Po + PiNY_Lt (11-2 0 )

Figure 11-10: Base case export demand
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and

Rt = Pot  +  P i  Pt + e4t

Rt = Pot + P i P t

Figure 11-11: Base case market demand
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Equation (11-22), referred to as base case export dem and, is illustrated in Figure 11-10. 

The graphical characterisation of equation (11-22), the function's negative slope and 

positive intercept in particular, correspond with the discussion provided in section

3.2.1.4 and the econometric results reported in section 6.1. In addition, since (gross) 

exports m ust be non-negative, at prices in excess of ( -  P ot/P i) export dem and is zero.

In other terms, ( -  Pot/P i) is the choke price of export dem and.

Aggregate market dem and is the sum of Ontario-based dem and and exports. Using the 

econometric results reported in section 6 .1 , it can be w ritten as the sum of equations (II- 

19) and (11-22). That is

Q t°  = Qt + qet = &ot + P ot  + (« i + P i ) P t  +  « i  9 t  (H-23)

Equation (11-23), referred to as base case aggregate demand, is illustrated in Figure 11-11. 

The graphical characterisation of equation (11-23), the function's negative slope and 

positive vertical intercept in particular, correspond w ith the discussion provided in 

sections 3.2.1.3 and 3.2.1.4 as well as the econometric results reported in section 6.1.

As noted above in the description of base case export dem and, at prices in excess of 

( -  Pot/P i) export dem and is zero. With respect to Figure 11-11, this feature corresponds 

to the net-of -GA base case aggregate dem and curve being the dash-dot line at prices in 

excess of ( -  Pot/Pi)- This feature is not represented in the mathematical representation 

of base case aggregate dem and. This w ould be problematic if the wholesale m arket 

clearing price plus the GA rate in any given m onth t was ever in excess of ( -  Pot/P i)- 

This turns out not to have been the case. The reason is that the fitted values of (gross) 

exports would be negative at such prices, thereby violating the non-negativity
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assumption . 45

Market equilibrium is characterised by aggregate supply, equation (11-16), equaling 

aggregate demand, equation (11-23). In section 3.2.4, the wholesale m arket equilibrium  

was characterised by

q f  + qet = (1 -  losses) * (q t + q[) (II-9)

This equilibrium is illustrated in Figure 11-12, which is a combination of Figures II- 8  and 

11-11. The illustrated equilibrium ignores the issue of line losses—which generally 

results in observed aggregate supply being less than observed aggregate dem and —as 

specified in equation (II-9).

The base case wholesale m arket clearing price is determ ined by the intersection— 

labelled point E —of base case aggregate supply w ith base case aggregate dem and and 

is denoted p*t in Figure 11-12. The illustrated equilibrium  makes use of five of the six 

equations in the system: Ontario-based supply, imports, Ontario-based demand, 

exports, and the quantity equilibrium condition. This equilibrium depends, however, 

on the m agnitude of g*t . Notwithstanding this, the GA rate is an  endogenously 

determined variable as a result of the sixth equation of the system that is not illustrated 

in Figure 11-12: the regulator's budget constraint, equations (II-5), (II-7), and (II-8 ).

It is useful to consider the role of the regulator's budget constraint in the determ ination 

of the wholesale m arket equilibrium. Suppose the GA rate in a given m onth is 0, i.e., 

gl = 0. As per equation (II-5), the regulator will raise no revenue. In this case, the 

gross-of-GA and net-of-GA dem and curves are coincident. The wholesale m arket

45 If the wholesale market clearing price w as ever in excess of ( -  /?ot//?i) in a given month, the simulation  
procedure w ould  have to explicitly recognise this outcom e and set (gross) exports to zero. As noted in 
the main text, this turns out not to be necessary.
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Figure 11-12: Base case wholesale market equilibrium
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would clear as illustrated in this section, thereby determ ining the wholesale m arket 

clearing price as well as the four endogenously determ ined quantities. This outcome is
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an equilibrium if and only if the regulator's budget is balanced, that is, if equation (II-8 ) 

holds at equality. In this case, since the regulator generates no income, it cannot have 

an equilibrium if and only if the regulator's budget is balanced, that is, if equation (II-8 ) 

holds at equality. In this case, since the regulator generates no income, it cannot have 

net expenses, as per equation (II-7), that differ from 0 .46 If the regulator's budget 

constraint does not hold at equality, then it cannot be the case that g l  = 0 .

The m anner in which the regulator's budget constraint fails to hold is instructive w ith 

respect to whether the equilibrium GA rate is positive (a charge to Ontario-based 

consumers) or negative (a rebate to Ontario-based consumers). In particular, if the 

regulator's budget is in deficit when g*t = 0, then a (positive) GA rate m ust be charged 

to consumers in order to raise the required revenues and bring the budget into balance. 

Conversely, if the regulator's budget is in surplus w hen g l = 0, then a (negative) GA 

rate m ust be rebated to consumers in order to dispense the negative expenses collected 

by the regulator under its supply procurem ent contracts and bring the budget into 

balance. Any GA rate that differs from zero will result in the gross-of-GA and net-of- 

GA dem and curves necessarily being non-coincident. This more general situation is 

illustrated in Figure 11-12. The lowest GA rate that clears the wholesale m arket and 

balances the regulator's budget constitutes the equilibrium GA rate .47

As stated above, an analytical solution to this model is provided for in Appendix II-C.

46 This does not mean that the regulator cannot provide out-of-market payments to any particular 
generator. Rather, it requires that the sum of all out-of-market paym ents—which may be negative—be 
zero. See Appendix II-B for further discussion.
47 The regulator's budget constraint is quadratic in the GA rate. This can be seen from equation (II-5), 
where the regulator's revenue is written as the product of the GA rate and the quantity of Ontario-based 
demand, which is itself a function of the GA rate as per equation (II-3). A s a result, there are potentially 
tw o unique, real solutions to the mathematical procedure that solves for the GA. The low est GA rate is 
chosen so as to minimise the impact of the regulator on the market equilibrium.
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6.2. Base case results

The fully-parameterised system —using the results reported in Table II-3—of six 

equations is solved for the base case values of the each of the six endogenous variables 

as described above. This section reports the results of this simulation, along w ith a 

restatement of certain statistics regarding the observed data.

Table II-5 reports the mean and standard deviations of the observed and base case 

endogenous variables for all 110 m onths of the study period and the last 24 m onths 

only. Figure 11-13 plots the observed and base case time series for the wholesale m arket 

clearing price over all 110 months. Figures 11-14,11-15, and 11-16 report comparable data 

in relation to the wholesale m arket clearing price, GA, all-in price, and four endogenous 

quantity variables, respectively.

The purpose of these data is to provide a descriptive-only sense of the perform ance of 

the system of equations. Formally, the fit of the system of equations can be assessed in 

relation to the quality of the instrum ents em ployed in estimation. As discussed in 

section 5, the instrum ents are of sufficiently high quality to proceed w ith estimation and 

inference.

Inspection of the data and figures presented above suggests that the fitted base case 

series approximate the observed data relatively well. Given that the fitted base case is 

definitionally endogenous w ith respect to the model, calculation of common goodness- 

of-fit measures generates spurious results.
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Table 11-5: Mean and standard deviation of observed and base case endogenous variables
All months and last 24 months

Variable Case
All M onths Last 24 M onths

M ean Std. Dev. M ean Std. Dev.

r !
Observed 17,483.2 1,264.9 17,161.4 1,282.7
Base Case 17,570.2 1,129.6 17,583.2 1,182.9

Rt
Observed 935.8 416.1 624.8 226.8
Base Case 949.0 306.3 655.8 195.9

Rt
Observed 16,611.5 1,242.8 15,689.5 1 ,1 1 0 . 6

Base Case 16,685.5 1,168.4 16,263.8 1,303.0

Rt
Observed 1,381.3 682.2 1,693.9 422.7
Base Case 1,370.7 459.6 1,519.2 217.1

Pt
Observed 49.01 15.32 33.32 7.40
Base Case 49.83 11.91 37.46 11.05

9 t
Observed 9.42 15.68 33.35 9.65
Base Case 7.71 12.77 24.85 11.38

P t +  9 t
Observed 58.44 9.49 66.67 4.21
Base Case 57.54 5.09 62.31 1.87

Figure 11-13: Observed and base case wholesale market price
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Figure 11-14: Observed and base case global adjustment
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Figure 11-15: Observed and base case all-in price
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Figure 11-16: Observed and base case equilibrium quantities
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7. Conclusions

The purpose of this chapter is to formulate an analytical m odel of O ntario 's electricity 

market for use in counterfactual policy analysis. To that end, a six-equation m odel was 

developed. The parameters of the estimable equations of this system were estim ated 

using a generalised m ethod of moments instrum ental variables estimator. It was 

determined that the instrum ents chosen for use in estim ation were of sufficient quality 

to proceed with further analysis.

The system of equations, having been fitted using these econometric results, was used 

to construct a base case equilibrium. This construction is a crucial com ponent to the

59



process of counterfactual policy analysis. The reason is that the impact of any 

counterfactual policy under consideration is defined as the deviation of the resulting 

(counterfactual) equilibrium from the fitted base case. This is necessary so as to isolate 

the impact of the alternative policy being considered from errors in m odelling historical 

data.

Counterfactual policy analysis is the focus of chapters III and IV.
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Chapter III: Impact of renewable energy generation

1. Introduction

The first counterfactual policy under consideration relates to the impact of renewable 

energy procurem ent—taken here to m ean wind- and solar-fuelled generation—on the 

electricity market. For greater clarity, even though w ater-fuelled generation is 

renewable in nature it is not included in the definition of renewable energy that is 

relevant in this analysis.

The issue of negative externalities associated w ith carbon em issions—including from 

electricity generators—has been faced by m any political jurisdictions throughout the 

world. The purpose of this chapter is to estimate the cost of O ntario 's renewable energy 

policy in terms of its effect on carbon emissions. W ith this knowledge, the cost of 

carbon dioxide (CO2) abatem ent in O ntario 's electricity m arket can be compared to CO 2 

abatement cost data observed in other m arkets as a result of alternative strategies. Such 

a comparison allows for conclusions to be draw n regarding the cost effectiveness of 

Ontario's entry policy.

While the regulator's generation procurem ent policy extends, as described in chapter II, 

beyond renewable energy generation, the counterfactual policy under consideration in 

this chapter focuses exclusively upon them. U nder the counterfactual policy described 

thus far, the am ount of generating capacity based in Ontario would be lower than 

under the base case. Given the interm ittent nature of wind- and  solar-fuelled 

generators, it is clear that a reduction of 1 MW of renewable generation capacity results 

in a reduction of less than 1 MWh of ou tpu t in a typical hour. A reasonable and 

conservative regarding the reduction of ou tpu t is 0.328 MW h in a typical hour, that is, 

that the total energy contribution of renewable energy generators averages 32.8% of
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capacity .48 It is assumed that the absence of renewable energy generation capacity is 

off-set by additional natural gas-fuelled generation at that rate.

The chapter proceeds as follows. Section 2 discusses the m otivation for and importance 

of considering this issue. The theoretical impact of the counterfactual policy is 

described in detail in section 3. Using this as a basis of analysis, section 4 reports 

counterfactual results, which are then described —in their own right and in relation to 

the base case constructed in chapter II—in section 5. Section 6  concludes.

2. Importance of issue and motivation of analytical approach

This section discusses the importance of studying the impact of renewable energy 

generation on the market by describing the m agnitude of entry and its cost. A 

standardised measure of the cost of CCh-emission abatement is then described. The 

general analytical approach to estimating this value is then described.

2.1. Importance of issue

Chapter II provided background on the development of the electricity m arket in 

Ontario. As discussed there, one im portant developm ent related to the creation of the 

regulator's programme of generation procurement. Initially, this program m e focused 

on inducing entry of natural gas-fuelled and, to a m uch lesser extent, renewable energy 

electricity generators so as the implement the governm ent's goal of w ithdraw ing coal-

48 The Independent Electricity System Operator (IESO) makes planning assum ptions in its periodic, 
medium-term (18 months) assessments of the reliability and operability of Ontario's electricity system. 
The m ethodology underlying these assessments assumes that monthly average w ind capacity 
contributions range from 13.4% to 32.8%. These data are estimated from (simulated) historic w ind output 
data. The total energy contribution from wind energy is found to average 29%. The m aximum of the 
m onthly average wind capacity contributions—32.8%, associated with January, February, and 
Decem ber—is used in the analysis reported in this chapter. See IESO (November 2011a) and IESO 
(November 2011b) for additional details.
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fuelled generators from the m arket .49 Effectively, it was a carbon dioxide-emission 

abatement policy.

At the end of 2005, action to achieve the initial goal of the program m e was underw ay . 50 

While many of the generators under contract at that time would not enter the market 

for several years due to planning and building lead-times, the focus of the regulator's 

program m e shifted away from natural gas-fuelled generation towards renewable 

energy generation. Especially significant w as the implementation of standardised 

contracts for prospective renewable energy generators in place of request for proposal- 

type auctions. Two such program m es have existed: the Renewable Energy Standard 

Offer Program  (RESOP) 51 and subsequently the Feed-in Tariff Program (FIT) . 52

The renewable energy generation program m e m erits special consideration because it 

has a significant impact on the electricity market. Figure III-l illustrates Ontario's 

installed capacity of renewable energy generation. This capacity was 0 MW at the 

beginning of 2006 bu t had risen to approxim ately 1,915 MW by June 2011. In 

comparison, in the summer of 2011 there was approximately 35,000 MW of installed

49 As described in chapter II, the Ontario Power Authority (OPA), referred to herein as the regulator, was 
created by the Electricity Restructuring Act, 2004. One of the OPA's principle activities was to develop a 
long-term electricity system plan that w ould result in the phase-out of coal-fuelled generation in Ontario. 
See section 34 of the Electricity Restructuring Act, 2004, which became section 25.30 of the Electricity Act, 
1998. This legislative undertaking was in accordance with the 2003 general election platform of the 
Liberal Party of Ontario, the party that formed the provincial government following that election. See 
Liberal Party of Ontario (2003).
50 See the first annual report of the Ontario Power Authority (OPA, March 2006), which summarises the 
contracts that had been created up to the end of 2005. Lakeview Generating Station, a coal-fuelled  
generating station, near Toronto, w as withdrawn from service on 30 April 2005. See the Market 
Surveillance Panel report (MSP, June 2005) related to the six-month period ending April 2005 for 
additional information regarding developm ents in the electricity market at that time.
51 The RESOP was established by the direction of a Ministerial Directive (Ministry of Energy, 2006) issued  
on 21 March 2006 by Ontario's Minister of Energy.
52 The FIT programme was established by the direction of a Ministerial Directive (Ministry of Energy and 
Infrastructure, 2009) issued on 24 September 2009 by Ontario's Minister of Energy and Infrastructure.
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electricity generation capacity of all fuel types located in O ntario . 53 Thus, over the first 

five-year period in which the regulator's procurem ent policy w as in place, renewable 

energy generation rose from 0% to approximately 6 % of capacity. Figure III-2 illustrates 

the total production of electricity from renewable energy generators. This has risen 

from an hourly average of 0 MWh per hour at the beginning of 2006 to as high as 680 

MWh per hour in February 2011, when it constituted approxim ately 3.7% of Ontario- 

based supply.

While the proportions of capacity and production related to renewable energy 

generation are small, their impact on the wholesale m arket is magnified by the level of 

the contract prices they receive. Figure III-3 illustrates the production-w eighted

Figure III-l: Capacity of renewable energy generators, by fuel type
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53 There were 34,960 MW of generating capacity connected to the IESO-controlled grid in A ugust 2011 
(Independent Electricity System Operator, November 2011a). In addition, there were several hundred  
megawatts of generating capacity em bedded within the distribution system, including approximately 235 
MW of wind-fuelled capacity (Ontario Power Authority, A ugust 2011).
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Figure III-2: Output of renewable energy generators, all fuel types
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Figure 111-3: Average contract price of renewable generation
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average of contract prices received by renewable energy generators from M arch 2006 

onward. This series begins at a level of $135 per MWh, corresponding to the contract 

price of wind-fuelled renewable energy generation discussed in chapter II, and stays 

there for m any m onths until solar-fuelled renewable energy generation began to enter 

the m arket (as illustrated in Figure III-l). W hen this began to occur, the average 

contract price rose above $135 per MWh, reflecting the $420 per MWh contract price 

offered to solar-fuelled generation.

Figure III-4 illustrates the contents of Figures II-3 and III-3 jointly: the wholesale m arket 

clearing price, the global adjustment rate, the all-in price, and the average renewable 

energy contract price. It is immediately evident that renewable energy contract prices 

are well in excess of the wholesale m arket clearing price. As described in the 

construction of the regulator's budget constraint in chapter II, contractually guaranteed

Figure III-4: Average contract price o f renewable energy and other prices
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revenue that is not obtained from the wholesale m arket is provided by the regulator in 

the form of out-of-market top-up payments. Figure III-4 m akes clear that these top-up 

payments, funded through the global adjustm ent mechanism, constitute a majority of 

the revenue received by the typical renewable energy generator. It is in this way that 

the impact of renewable energy production on the m arket is magnified well beyond the 

level suggested by the fraction of total capacity and ou tpu t associated w ith renewable 

energy.

Presentation of these data is not intended to act as an analysis of renewable energy in its 

own right, but rather to illustrate the importance of policy-induced entry on the m arket 

and to motivate further analysis.

2.2. Motivation of analytical approach

The most useful measure of the (average) social cost of CCh-emission abatem ent as a 

result of the programme is the num ber of dollars spent per tonne of CO2 abated, i.e., 

$/tonne of CO2. This is because it is a normalisation that facilitates com parison to 

alternative approaches taken in other jurisdictions and m arkets. This calculation 

requires two inputs: the total (social) cost of the program m e in dollars and the num ber 

of tonnes of CO2 emissions abated as a result of the expenditure.

The model developed and reported in chapter II can be used to find each of these 

inputs. Calculation of each value is described in turn.

The cost of the program m e in social terms can be estim ated by calculating the am ount 

by which total surplus differs under the counterfactual policy of no renewable energy 

generation in comparison to the base case. Surplus is obtained by each of the four types 

of economic agents considered: consumers based in Ontario (Ontario-based demand), 

producers based in Ontario (Ontario-based supply), and inter-jurisdictional traders
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(imports and exports). The impact of the counterfactual on each of these groups of 

agents m ust be considered.

Ontario-based consumers pay the all-in price, which is the sum  of the wholesale market 

clearing price and the GA rate. The impact of the counterfactual policy need not have 

symmetric effects on the components of this price. That is, one component could 

increase while the other decreases. Since Ontario-based consumers pay both, it is the 

net impact of the counterfactual policy that is relevant to consumers. Any change of the 

all-in price, therefore, impacts consum ers' surplus. The effects of the individual 

components of the all-in price are not considered.

Traders w ho export electricity buy it in the wholesale m arket and pay the wholesale 

market clearing price . 54 These consumers do not pay the GA rate on their purchases.

As a result, a change of the wholesale m arket clearing price impacts the surplus they 

obtain from their activities while they are indifferent to the (direct) effect a changing GA 

rate.

Similarly, traders who im port electricity sell it in the wholesale market and receive the 

wholesale m arket clearing price .55 As a result, a change of the wholesale m arket 

clearing price impacts the surplus they obtain from their activities.

The last group of relevant economic agents (aside from the government) is Ontario- 

based producers. As described in detail in chapter II and Appendices II-B and II-C, the 

incentives faced by these producers are not uniform  across all firms. Some producers 

are significantly exposed to changes of the state of the wholesale market, the wholesale

54 The impact of transmission system  congestion on electricity pricing is ignored in this chapter. This 
issue is revisited in significant detail in chapter V in relation to an assessment of Ontario's market for 
financial transmission rights (FTR).
55 See the previous footnote regarding the impact of transmission system congestion on the electricity 
market.
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m arket clearing price in particular. The hydroelectric generators owned by Ontario 

Power Generation (OPG) are an example of a class of producers of this type. A change 

of the wholesale market clearing price affects the surplus obtained by such producers.

Other producers are indifferent to the state of the wholesale market. Generators that 

operate under fixed-price contacts, such as non-utility generators (NUGs), are an 

example of a class of producers of this type. These firms receive the same, 

contractually-specified price per unit of output irrespective of the wholesale m arket 

clearing price through the paym ent of out-of-market top-ups by the regulator. While 

the wholesale m arket clearing price m ay change under the counterfactual policy, 

exactly off-setting changes in the out-of-market top-up paym ents nullify the impact on 

such firms. Thus, the surplus obtained by such firms does not change as a result of the 

counterfactual policy.

The exception among generators that operate under fixed-price contracts are those that 

would not have entered in the first instance under the counterfactual policy. Any 

surplus that would have been obtained by these firms associated w ith entering the 

m arket is lost under the counterfactual policy. Renewable energy generators—such as 

wind- and solar-fuelled generators—fall in this category in relation to the particular 

counterfactual policy under consideration. If, however, the contract prices offered by 

the regulator's program m e to induce entry by renewable energy generators are set so as 

to do so at lowest cost, then the entering firms will earn  approxim ately zero producers' 

surplus. In this case, there would be no loss of surplus associated w ith such firms no t 

entering the market under the counterfactual policy.

The change of total surplus associated w ith the counterfactual policy of an absence of 

the regulator's programme of policy-induced entry of renewable energy generation is 

the sum of the individual effects outlined above. This can be thought of as the social
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cost of the obtaining the environm ental effects of the program m e for all relevant market 

participants collectively . 56

The final component of the wholesale market equilibrium is the budget constraint of the 

regulator itself, equation (II-8 ). Before considering this particular budget constraint, 

consider the impact on total surplus of a revenue-seeking governm ent levying taxes on 

sales in general. In the classic analysis of the welfare effects of a distortionary tax, the 

imposition of a tax on a commodity results in a wedge em erging between the price paid 

by consumers and the price received by producers. The size of the wedge is the tax 

rate. In a typical case, there is a transfer of surplus from both consumers and producers 

to the government. This revenue is not considered to constitute a total loss of social 

welfare because it can be used to finance either lum p-sum  transfers to consumers or 

some other socially valuable endeavour. See Mas-Colell, W hinston, and Green (1995, p. 

331) for further discussion. In the context of Ontario's electricity market, the revenue 

raised by the regulator is used to fund program m es whose effects are felt w ithin the 

m arket itself. Of particular importance is the use of these revenues to shift the supply 

curve by, for instance, running program m e of policy-induced entrance of renewable 

energy generators. In any event, m ost of the revenue collected by the regulator is not 

used to finance either lum p-sum  transfers to consumers or some other socially valuable 

endeavour .57 This is not to say that the regulator's revenue itself constitutes a loss of 

surplus. Since the regulator spends each dollar it raises w ithin the electricity market, 

this revenue again appears in the surplus calculations of the economic agents discussed 

above.

56 Total surplus is presumably greater under the counterfactual policy than under the base case. This 
presumption is based in the expectation that policy-induced entry into a market is not free.
57 Some of the regulator's expenditures do not directly impact the position of the supply curve. For 
instance, conservation spending. These expenditures are not considered to constitute a loss of surplus. 
Irrespective of this assumption, since such expenditures are constant across all counterfactual policies 
considered in this chapter (and the next), there can be no change in surplus associated w ith them that 
must be considered when comparing a counterfactual policy to the base case.
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In the context of Ontario's electricity market, since both the GA rate and the level of 

Ontario-based demand may change under the counterfactual policy equilibrium, the 

amount of revenue collected by the regulator may also change. Given that the 

regulator's budget must balance, the am ount of funds distributed by the regulator m ust 

change symmetrically. Thus, the change in the regulator's revenue will feed through 

the regulator and manifest itself in the outcomes of the economic agents discussed 

above.

To recapitulate, consider the counterfactual policy from the opposite perspective, that 

is, by thinking about the base case as having no renewable energy generators and the 

counterfactual policy as their contracted entry. Assume again that the entering firms 

earn zero economic profit, that is, the revenue they receive is exactly equal to the cost— 

including fixed cost—they incur. The cost of covering the fixed cost associated w ith 

entry is entirely a dead-weight loss from the perspective of the market. The loss, which 

manifests itself in the m arket through the GA rate, is incurred against consumers 

through a higher all-in price and non-contracted producers through a lower wholesale 

m arket clearing price. Not considering the avoidable nature of fixed cost under the 

counterfactual policy am ounts to assum ing that renewable energy capacity is free.

The num ber of tonnes of CO2 emissions abated by the program m e can be determ ined 

by consideration of the difference in the composition of Ontario-based supply between 

the base case and the counterfactual policy. In particular, under the counterfactual 

policy there is no output from renewable energy generators. The difference in total 

output must, therefore, come from producers that emit CO2 as they produce electricity. 

This incremental output is assum ed to come from natural gas-fuelled generators .58

58 It is assumed that baseload generators—hydro and nuclear in particular—as well as peaking hydro 
generators are fully utilised under both the base case and the counterfactual policy. Since coal-fuelled
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With these results, the average cost of abating one tonne of CO 2 emissions under the 

programme of policy-induced entrance of renewable energy generators can then be 

estimated. The details of the necessary calculations are reported in the next section.

3. Analytical approach and anticipated effects

As described in the previous section, there are two aspects to the calculation of the cost 

of CO2 emission abatement under the regulator's programme of generation 

procurement. First, there is the change in total surplus as a result of the program m e. 

Second, there is the change in CO2 emissions as a result of the program m e. The 

previous section also outlined how these calculations would be m ade in general terms. 

A detailed description is provided here.

Section 3.1 describes how  the counterfactual equilibrium is m odelled in the context of 

the model introduced in chapter II. Sections 3.2 and 3.3 describe, respectively, how the 

change in total surplus and the change in CO2 emissions betw een the counterfactual 

policy and the base case are measured. The cost of CO2 emission abatem ent described 

in section 3.4.

3.1. Counterfactual equilibrium

In order to make these calculations, the details of the appropriate counterfactual policy 

must be specified. The presence of renewable energy generation impacts the market 

equilibrium through three mechanisms: it impacts Ontario-based supply, it contributes 

costs (potentially negative) that m ust be recovered by the GA, and it displaces other 

types of generation capacity.

generators are being phased-out of the market, the incremental supply m ust come from the only other 
source: natural gas-fuelled generators.
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To determine the impact of the counterfactual policy, the three m echanism s described 

above m ust be accounted for. First, the am ount of baseload supply m ust be am ended to 

exclude the contributions m ade to it by renewable energy. Second, the equation that 

describes the regulator's expenses m ust be am ended to exclude out-of-market top-up 

payments to renewable energy generators. Third, that m ust be further am ended to 

include costs associated w ith payments to the non-renewable energy generation 

capacity that replaces renewable generation.

In terms of the market m odel introduced in chapter II, the first mechanism  impacts the 

baseload time series in

Qst = Yo + YiPt  + Y i f u e l t  + y 3b a s e lo a d t + e l t  (II-l)

which w ould be lower by the m agnitude of observed energy output from  wind- and 

solar-fuelled generators located in Ontario. Crucially, the econometrically-derived 

coefficient estimates are assumed to be unchanged. In other words, the Ontario-based 

supply curve shifts to the left under the counterfactual.

The second and third mechanisms impact aspects of the regulator's expenses and, 

therefore, appear in the regulator' budget constraint. In particular, out-of-market top- 

up paym ents required to induce renewable energy entry in the first instance are 

components of the regulator's expenses and, therefore, appear in the regulator's budget 

constraint. A no-renewable energy counterfactual policy w ould be associated w ith the 

absence of these paym ents (costs). In particular,

Expt = q f nd * (135 -  Pt) + qst olar * 0.19 * (420 -  Pt)

+ 1577 * (75 -  Pt) + qpuclear * (55 -  Pt) + 1900 * (33 -  Pt)

+ n a t j ) a s _ c a p a c i t y t + c o n t in g e n c y t + c o n s e r v a t i o n t (H-7)
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would reflect both the absence of wind- and solar-fuelled output, i.e., q f ind = q l°lar = 0 , 

and a scaling-up of natural gas capacity costs in proportion to the am ount of renewable 

energy generation capacity eliminated as described in section 2 .

Holding the GA rate constant, a reduction of supply associated w ith the absence of 

output from renewable energy generators would result in an increase of the wholesale 

market clearing price, along w ith increased imports, and decreased Ontario-based 

demand and exports. Due to the higher wholesale m arket clearing price, the generators 

that remain in the market would earn greater revenue than otherwise. A subset of these 

generators operates under contractual arrangem ents w ith the regulator that entitles 

them to receive the out-of-market top-up paym ents described in chapter II and 

Appendix II-B. These paym ents are, in aggregate, reduced as a result of the higher 

wholesale m arket clearing price. The result is that the regulator's budget has a surplus, 

thereby placing dow nw ard pressure on the GA rate initially held constant.

Likewise, a reduction of supply associated w ith the absence of output from renewable 

energy generators would eliminate the out-of-market top-up paym ents that were 

necessary to induce entry of such generation in the first instance . 59 As a result, the 

expenses included in equation (II-7) would be less than otherwise, thereby placing 

additional dow nw ard pressure on the GA rate.

Taken together, a reduction of supply associated with the absence of ou tpu t from 

renewable energy generators would raise the wholesale m arket clearing price and 

reduce the GA rate. The net impact on the all-in price depends principally on the 

average contract price paid for renewable energy relative to the wholesale m arket 

clearing price. Since renewable energy generation is procured at average contract prices

59 The average prices to which renewable energy generation is topped-up are well above average market 
clearing prices. This is illustrated in Figure III-4. It is because of this relationship that such generation  
will only enter the market under special contractual terms.
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several times the average wholesale m arket clearing price, the net impact on the all-in 

price is expected to be negative .60

Offsetting this effect is the additional cost borne by the regulator of the natural gas- 

fuelled capacity that replaces the renewable energy capacity. As described in section 2, 

the amount of incremental natural gas-fuelled capacity is defined to be a constant 

proportion—32.8%—of the renewably-fuelled capacity elim inated under the 

counterfactual policy. Relative to the form er effects, the latter effect is expected to be 

small. 61

A lower all-in price implies that Ontario-based dem and will be higher. A higher 

wholesale m arket clearing price implies that exports will be lower and im ports will be 

higher.

The impact of the regulator's policy of generation procurem ent as it relates to 

renewable energy can be looked at from the opposite perspective compared to that 

above, that is, the impact on the wholesale m arket equilibrium of the entry of renewable 

energy generation. Holding the GA rate constant, such entry increases supply at all 

price levels, thereby lowering the wholesale m arket clearing price. The lower wholesale 

market clearing price means those contractual paym ents to non-renewable generators 

will increase, creating a budget deficit for the regulator, thereby placing upw ard 

pressure on the GA rate. Given the relatively h igh costs associated w ith inducing the 

entry of renewable generation into the market, the resulting equilibrium  is expected to

60 See previous footnote. In Appendix II-C it is show n that if the (capacity) weighted-average of contract 
prices offered by the regulator exceeds the wholesale market clearing price that w ould  prevail in the 
absence of regulatory intervention regarding supply, then the GA rate must be positive. Given that 
contract prices offered to renewable energy generators exceed the levels offered to other types of 
generation, entry of renewable energy generation capacity raises this weighted-average and, by 
extension, the GA rate. Thus, under the counterfactual policy both are low er than otherwise.
61 To begin with, natural gas-fuelled capacity is less expensive than renewable energy capacity. This 
relationship is reflected by the relatively high contract prices offered to renewable energy generators.
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be one where the wholesale market price is lower, bu t the GA rate and all-in price are 

both higher.

3.2. Change of total surplus

Once the counterfactual policy equilibrium has been simulated, the associated change in 

total surplus can be calculated. To facilitate this discussion, use is m ade of m odified 

versions of Figures II-6 , II-7, II-9, and 11-10, the Figures that illustrate base case Ontario- 

based supply, imports, Ontario-based demand, and exports.

A particular notation convention is adopted. Base case values are denoted w ith 

superscript asterisks (*). Counterfactual policy values are denoted w ith superscript 

primes ('). Additional notational conventions are defined locally where necessary.

First, consider the impact of the counterfactual policy on the surplus obtained by 

Ontario-based supply. As described above, the impact of changing wholesale m arket 

conditions on producers varies according to the contractual arrangem ents that exist 

between individual producers and the regulator. Some producers are exposed to the 

wholesale m arket clearing price and others are not. Those that are not exposed lack 

exposure because they receive compensation from the regulator that neutralises the 

impact on them of changing wholesale m arket conditions. As a result, such producers 

do not experience a change of surplus under the counterfactual policy relative to the 

base case. The exception is those renewable energy generators that are elim inated from 

the m arket under the counterfactual policy. If, however, these generators were induced 

to enter the market with contracts that ensured approximately zero economic profits, 

then these generators would not lose surplus under the counterfactual policy either. 

Those non-contracted generators that are exposed to the wholesale m arket clearing 

price gain surplus if the price rises and lose surplus if the price falls. The details of
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these contractual arrangem ents are described in greater detail in section 2 , as well as in 

chapter II.

Conceptually, a supply curve that corresponds to the subset of non-contracted Ontario- 

based generators that are exposed to the wholesale m arket clearing price can be 

constructed. Since such a curve represents a fraction of Ontario-based supply, it m ust 

relate a smaller quantity to each price than either the base case or counterfactual 

Ontario-based supply. For notational convenience, this sub-supply curve is denoted 

with superscript noughts (°).

Figure III-5 illustrates base case and counterfactual policy Ontario-based supply. The 

sub-supply curve related to non-contracted generation is also illustrated. The base case 

equilibrium wholesale m arket clearing price is pi, while the counterfactual policy 

equilibrium wholesale m arket clearing price is p't . As argued above, and w ith 

foreknowledge of the results to be reported in the next section, the figure assumes 

that pi < p i

As stated above, this price change only impacts the surplus obtained by non-contracted 

generators. The am ount of supply provided by non-contracted supply can be read off 

the sub-supply curve. In particular, base case non-contracted supply is S ° (p l) while 

counterfactual non-contracted supply is S ° The result that S °(p l) < S ° (p i)  follows 

from p i < p't and the presum ption that non-contracted supply is increasing in the 

wholesale m arket clearing price. The change in surplus obtained by Ontario-based 

supply is the shaded area in Figure III-5 and can be represented mathematically as

^ O n t a r i o  S u p p l y  =  j p l  S o ( x ) d ; c

= | [S°(pD + S°(pl)] * [ V't -  p i ] (III-l)
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Figure 111-5: Changing surplus of Ontario-based supply
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The second equality in equation (III-l) follows from the linear specification of the 

various supply curves resulting in the shaded area in Figure III-5 being a trapezoid.

An increase of the wholesale m arket clearing price under the counterfactual policy will 

increase the surplus obtained by non-contracted Ontario-based generators (and by 

extension Ontario-based generators collectively). That is ^ p s ^ ntari° supply > q -^his 

change of surplus obtained by Ontario-based supply constitutes the first part of the 

change of total surplus under the counterfactual policy.
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Figure III-6: Changing surplus of import supply
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The impact of the counterfactual policy on the surplus obtained by other economic 

agents in the m arket is more straightforward to m easure because the counterfactual 

policy does not impact the fundam ental characteristics of these agents, just the price 

they pay for their consum ption or are paid for their supply.

Figure III- 6  illustrates the change of surplus obtained by importers of electricity to 

Ontario under the counterfactual policy. Surplus changes because the price paid to 

imports, the wholesale m arket clearing price, changes. The change in surplus is the 

shaded area in Figure III- 6  and can be represented mathematically as

A p s /m p°r , s  = j p j  -Q- ( x ) d x

= ffot'+ « { ' ] * [ pi-Pt-] (in-2)

where q \ (x ) denotes the level of exports at price x. This area is also a trapezoid due to
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the linear specification of the im port supply curve. An increase of the wholesale m arket 

clearing price under the counterfactual policy will increase the surplus obtained by 

importers. That is APSt/mports > 0. This change of surplus obtained by im porters 

constitutes the second part of the change of total surplus under the counterfactual 

policy.

Figure III-7 illustrates the change of surplus obtained by Ontario-based consum ers of 

electricity under the counterfactual policy. Surplus changes because the price paid by 

consumers, the all-in price (the sum  of the wholesale m arket clearing price and the GA 

rate), changes. The change in surplus is the shaded area in Figure III-7 and can be 

represented mathematically as

^ O n t a r i o  D e m a n d  =  j P t + a l  ( * ) < * *

=  f f a t '  +  <l t* ]  *  [ ( P t+ sD  -  (Pt+d t)] (IH-3)

where q f (x) denotes the level of Ontario-based consum ption at price x. This area is 

also a trapezoid due to the linear specification of the Ontario-based dem and curve. A 

decrease of the all-in price under the counterfactual policy will increase the surplus 

obtained by Ontario-based consumers. That is ACSf ntari° Demand > 0. This change of 

surplus obtained by Ontario-based consumers constitutes the third part of the change of 

total surplus under the counterfactual policy.

Figure III- 8  illustrates the change of surplus obtained by exporters of electricity from 

Ontario under the counterfactual policy. Surplus changes because the price paid for 

exports, the wholesale m arket clearing price, changes. The change in surplus is the 

shaded area in Figure III- 8  and can be represented m athematically as
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Figure III-7: Changing surplus of Ontario-based demand
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= - | [ q t e' + q n * [ P t - P t ]  (HI-4)

where q f (x) denotes the level of exports at price x. This area is also a trapezoid due to 

the linear specification of the export dem and curve. An increase of the wholesale 

market clearing price under the counterfactual policy will decrease the surplus obtained
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Figure III-8: Changing surplus of export demand

V

Pt

Pt

0 e *

by exporters. This is the source of the negative sign in equation (III-4). That is 

ACS^xports < 0. This change of surplus obtained by exporters constitutes the fourth part 

of the change of total surplus under the counterfactual policy.

The change of total surplus under the counterfactual policy is simply the sum  of the 

changes in surplus obtained by each of the four groups of economic agents considered. 

That is

A TSt = APS°ntari0 Supply + APS[mports + A CSt0ntario Demand + AC Sfxports (ID-5)

Since the four terms of equation (III-5) are not expected to be of the same sign, the sign 

of ATSt itself is ambiguous. The change in total surplus is m easured in dollars.

The expected results illustrated above depend on the wholesale market clearing price 

being higher and the all-in price being lower under the counterfactual policy than under 

the base case, that is: p't > pi and p ’t+ g't < p*t + g*t . If this were to turn out not to be the
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case, equations (III-l), (HI-2), (III-3), and (III-4) w ould continue to  represent changes of 

surplus obtained by the various groups of economic agents, bu t the signs of the changes 

would differ. Equation (III-5) would continue to represent the change of total surplus 

due to the counterfactual policy.

3.3. Change of CO2 emissions

Generators that are fuelled by fossil fuels emit CO 2 as they produce electricity. O ther 

generators, including those wind- and solar-fuelled, do not. Once the counterfactual 

policy equilibrium has been simulated, the associated change in  CO2 emissions can be 

calculated. This calculation depends on how the composition of supply differs under 

the counterfactual policy from the base case. Attention here is restricted to CO 2 

emissions from Ontario-based supply alone.

The amount of Ontario-based supply under the base case and the counterfactual policy 

is q** and q l', respectively. The difference betw een the two values is the change of 

Ontario-based supply under the counterfactual policy, that is

This can be seen in Figure III-5.

Assume that the marginal Ontario-based supplier is a natural gas-fuelled generator. 

Then the change in Ontario-based supply that is produced from  C0 2 -emitting 

generators can be decomposed into two parts: the change in the level of supply and the 

change in the composition of supply. That is

Consider each of these effects. First, a change in the level of supply w ould result in a 

change in output of the marginal, C0 2 -emitting supplier. Second, the renewable energy

Aqt
s ,Carbon E m i t t in g  Su pp ly = A qst + (q f nd + q st °lar) (III-7)
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generation that is eliminated from the m arket under the counterfactual policy would be 

replaced by the marginal, CCh-emitting supplier. The change is reported in average 

MWh per hour of electricity.

Define 9 to be the CO2 emissions in tonnes per MWh of electricity generated by the 

marginal supplier, which is assum ed to be natural gas-fuelled. Effectively, 9 m easures 

the CO 2 intensivity of the m arginal supplier and is reported in tonnes per MWh of 

electricity generation. Then the change of CO 2 emissions associated w ith the 

counterfactual policy is

AC02t = 9 * Aqst 'Carbon Emittina s^ i y  (m _8)

In other words, the change in carbon dioxide emissions under the counterfactual policy 

is the change in the am ount of electricity generated by natural gas-fuelled producers 

m ultiplied by the CCh-intensivity of those generators. The change is m easured in 

tonnes of CO2 .62

Detailed analysis of the technical characteristics of typical natural gas-fuelled generators 

allows for 9 to be estimated. Gagnon, Belanger, and Uchiyama (2002) report that a 

reasonable value of 9 in a N orth American (or European) context is 0.443 tonnes of CO 2 

per MWh of electricity .63

62 This is because 6 is measured in tonnes of CO2 per MWh of electricity generation and 
k q st 'Carbon EmittLns supply jg measurecj jn MWh of electricity generated.
63 Equation (III-8) captures the change in CO2 em issions associated with increased use of natural gas- 
fuelled generators under the counterfactual policy. This analysis ignores the stand-by generation, 
typically natural gas-fuelled, that is necessary under the base case to act as back-up for renewable energy 
generation due to its intermittent nature. Also ignored is the fact that renewable energy generation itself 
is not truly free of CO2 em issions. For instance, Pehnt (2006) reports that the 0  associated with renewable 
energy generation equals approximately 0.010 for w ind- and solar-fuelled generators.
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3.4. Cost of CO2 emission abatement

The results obtained from the analyses reported in sections 3.2 and 3.3 can be used to 

estimate the average cost of carbon dioxide emission abatem ent (COA).

In particular, the COA is the ratio of equations (III-5) and (III-8 ). That is

COA,  = ATSt/ i C 0 2 t  <m - 9 >

Since the change in total surplus is m easured in dollars and the change in CO2 

emissions is measured in tonnes of CO2, then COA is m easured in dollars per unit of 

CO2 abated (as a result of the regulator's program m e of renewable energy generation 

capacity procurement). This is a standardised m easure of the cost of CO 2 abatem ent 

that can be used to compare Ontario's approach w ith those taken in other markets and 

jurisdictions.

4. Empirical results

This section reports the empirical results associated w ith im plem entation of the 

analytical approach described in the previous section. Section 4.1 reports the 

counterfactual policy equilibrium under which no renewable energy generation 

capacity is induced by the regulator to enter the m arket. The results are contrasted with 

the base case in the related discussion. Section 4.2 reports the change in total surplus 

between the counterfactual policy and the base case, while section 4.3 reports the 

associated change in CO 2 emissions. Section 4.4 reports the estimated cost of CO 2 

abatement due to Ontario's program m e of renewable energy capacity procurem ent.

4.1. Counterfactual equilibrium

Table III-l reports the m ean and standard deviation of each of the endogenous variables
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in the model under both the base case and the counterfactual policy. The statistics are 

presented for all 110 months of the study period and the last 24 months only.

Figures III-9,III-l 0, and III-ll illustrate the base case and no-renewable energy 

counterfactual policy values for the wholesale m arket clearing price, the GA rate, and 

the all-in price, respectively.

Qualitatively, the counterfactual policy results reported in Table III-l correspond w ith 

the theoretical expectations outlined in section 3 for both (i) all 110 m onths of the study 

period and (ii) the last 24 months of the study period.

These results, in addition to Figures III-9,111-10, and III-ll, show that the impact on 

market equilibrium of the regulator's policy of generation procurem ent as it relates to

Table III-l: Base case and no-renewable energy counterfactual policy statistics
A ll months and last 24 months

Variable Case
All M onths Last 24 M onths

M ean Std. Dev. Mean Std. Dev.

<7t
Base Case 17,570.2 1,129.6 17,583.2 1,182.9

No Renew. 17,568.3 1 ,1 2 0 . 0 17,597.5 1,153.0

q t
Base Case 949.0 306.3 655.8 195.9

No Renew. 975.9 288.9 736.9 187.7

q?
Base Case 16,685.5 1,168.4 16,263.8 1,303.0

No Renew. 16,738.8 1,142.1 16,443.7 1,265.0

q t
Base Case 1,370.7 459.6 1,519.2 217.1

No Renew. 1,341.9 450.1 1,432.4 219.4

Pt
Base Case 49.83 11.91 37.46 11.05

No Renew. 51.16 10.74 41.46 10.41

fft
Base Case 7.71 12.77 24.85 11.38

No Renew. 5.75 10.48 18.72 9.75

Pt + 9t
Base Case 57.54 5.09 62.31 1.87

No Renew. 56.91 4.69 60.19 1.27
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Figure III-9: Base case and no-renewable energy counterfactual policy wholesale market clearing price
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renewable energy has been growing through time. This finding is consistent w ith the 

expectations regarding how the regulator's policy w ould manifest itself, namely that 

the impact w ould gradually appear in the m arket as the generation procured entered 

service.

The results indicate that consumers located in Ontario faced higher all-in electricity 

prices as a result of the procurem ent policy. The results also indicate that non- 

contracted generators lost quasi-rents as a result of the procurem ent policy. This is a 

result of the policy's negative effect on the wholesale m arket clearing price.

In particular, over the whole study period, the analysis concludes that in the absence of 

renewable energy generation the average wholesale m arket clearing price w ould be 

$51.16 per MWh instead of $49.83, an increase of $1.33 per MWh (2.7%). The GA rate
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Figure 111-10: Base case and no-renewable energy counterfactual policy global adjustment

o  _

C l

2008m5 2010m52004m5 2006m52002m5
Month

-------------  Base Case Global Adjustm ent Rate
-------------No-Renewables G lobal Adjustm ent Rate

would be $5.75 per MWh instead of $7.71 per MWh, a reduction of $1.96 per MW h 

(25.4%). The Ontario all-in price would be $56.91 per MW h instead to $57.54 per MWh, 

a reduction of $0.63 per MWh (1.1%). With respect to quantities, Ontario-based 

demand would increase by 53.3 MWh per hour (0.3%), im ports would increase by 26.9 

MWh per hour (2.8%), exports would decrease by 28.8 MW h per hour (2.1%), and 

Ontario-based supply, net of the reduction due to the absence of renewable generation, 

would decrease by 1.9 MWh per hour (0.0%).

From the opposite perspective, implementation of the renewable energy procurem ent 

policy resulted in the all-in price paid by Ontario-based dem and increasing by $0.63 per 

MWh (1.1%) and the wholesale m arket clearing price received by non-contracted 

Ontario-based generation decreasing by $1.33 per MWh (2.6%). Thus, the total cost on a
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Figure III-ll: Base case and no-renewable energy counterfactual policy all-in price
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per MWh basis borne jointly by Ontario-based dem and and non-contracted Ontario- 

based supply is $1.96 per MWh. This is definitionally equal to the reported increase of 

the GA rate. Ontario-based dem and declined by 53.3 MWh per hour (0.3%), im ports 

declined by 26.9 MW h per hour (2.8%), exports increased by 28.8 MWh per hour (2.1%), 

and Ontario-based supply increased by 1.9 MWh per hour (0. 0 %).

Over the last 24 m onths of the study period, the simulations report that in the absence 

of renewable energy generation the wholesale m arket clearing price w ould be $41.46 

per MWh instead of $37.46 per MWh, an increase of $4.00 per MWh (10.7%). The GA 

rate w ould be $18.72 per MW h instead of $24.85 per MWh, a reduction of $6.13 per 

MWh (24.7%). The Ontario all-in price would be $60.19 per MWh instead of $62.31 per 

MWh, a reduction of $2.12 per MWh (3.4%). With respect to quantities, Ontario-based 

dem and would increase by 179.9 MWh per hour (1.1%), im ports would increase by 81.1
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MWh per hour (12.4%), exports would decrease by 8 6 . 8  MWh per hour (5.7%), and 

Ontario-based supply, net of the reduction due to the absence of renewable generation, 

would increase by 14.3 MWh per hour (0.1%).

From the opposite perspective, implementation of the renewable energy procurem ent 

policy resulted in the all-in price paid by Ontario-based dem and to increase by $2.12 per 

MWh (3.5%) and the wholesale m arket clearing price received by non-contracted 

Ontario-based generation decreasing by $4.00 per MW h (9.6%). Thus, the total cost on a 

per MWh basis borne jointly by Ontario-based dem and and non-contracted Ontario- 

based supply is $6.13 per MWh. This is definitionally equal to the reported increase of 

the GA rate .64

Policy-induced entrants were not affected by the procurem ent policy by virtue of the 

contractual terms under which they entered the m arket. Non-contracted generators 

and Ontario-based consumers experienced losses as a result of, respectively, a reduction 

of the wholesale m arket clearing price and an increase of the all-in price. The results 

also indicate that the procurem ent policy incentivised incrementally greater exports. 

Since the average price paid for exports declined, infra-m arginal exports became more 

profitable than they would have otherwise been. For analogous reasons, im ports faced 

the opposite outcome. More precise m easures of the im pact of the procurem ent policy 

are reported in the next section where the su rp lu s—and change thereto—obtained by 

each group of economic agents is considered.

Finally, while the data used in this study are observed at a m onthly frequency, it is 

useful to recall that the wholesale m arket clearing price varies at a 5-minute frequency

64 It is due to rounding that $2.12 and $4.00 do not sum to $6.13.
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whereas the GA rate varies at a 1-month frequency .65 Thus, the growing importance of 

the GA rate in the all-in price of electricity can be interpreted as a shift aw ay from 

incremental cost pricing towards average cost pricing, an outcome which has negative 

implications for the allocative efficiency of the wholesale market.

4.2. Change of total surplus

The change in total surplus is the sum  of the changes in surplus obtained by each of the 

four groups of economic agents. Formulae for the change of surplus obtained by 

Ontario-based supply, imports, Ontario-based demand, and exports under the 

counterfactual policy compared to the base case are given by equations (III-l), (III-2), 

(IH-3), and (III-4), respectively.

Table III-2 reports the m ean and standard deviation of the changes in surplus obtained 

in an average hour by each of the four groups of economic agents under the 

counterfactual policy .66 The change of total surplus is reported as well. The statistics 

are presented for all 110 months of the study period and the last 24 m onths only. Figure 

1 1 1 - 1 2  illustrates the changes in surplus obtained in an average hour by each of the four 

groups of economic agents across the m onths of the study period. The related change 

in total surplus is illustrated in Figure III-13.

The average hourly data presented above can be transform ed into m onthly total data by 

multiplying by the num ber of hours in the appropriate month. The m ean and standard 

deviation of these transformed data are reported in Table III-3. Figure 111-14 illustrates 

the changes in monthly surplus obtained by each of the four groups of economic agents. 

The change in m onthly total surplus is illustrated in Figure 111-15.

65 An hourly wholesale market clearing price, known as the hourly Ontario energy price (HOEP), is the 
mean of the twelve 5-minute prices observed within each hour.
66 The data are reported on an hourly basis in the sense that they indicate changes in surplus for each 
hour in a month. Monthly total data must account for the total number of hours in each month.
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Table 111-2: Changes of surplus under the counterfactual policy 
By economic agent on an hourly basis, in dollars 

All months and last 24 months

Economic Agent
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.
Ontario-based supply 5,499 7,670 16,269 8,129

Imports 1,025 1,275 2,712 1,234
Ontario-based dem and 10,169 16,788 34,229 20,513

Export -1,999 2,722 -5,883 2,772
All agents combined 14,695 22,770 47,327 26,540

Table III-3: Changes o f surplus under the counterfactual policy 
By economic agent on a monthly basis, in millions o f dollars 

A ll months and last 24 months

Economic Agent
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.
Ontario-based supply 4.004 5.559 11.840 5.818

Imports 0.747 0.922 1.972 0.867
Ontario-based dem and 7.410 12.209 24.934 14.875

Export -1.456 1.977 -4.284 1.992
All agents combined 10.704 16.538 34.462 19.166

The data reveal that the impact of the regulator's policy of renewable energy 

procurement on both total surplus and its components has been growing through time. 

This finding corresponds to the findings noted in the previous section regarding the 

impact of the policy on the wholesale m arket clearing price, the GA rate, the all-in price, 

and the various endogenously-determ ined quantities. It is consistent w ith the 

expectations regarding how the regulator's policy would manifest itself, namely that 

the impact would gradually appear in the m arket as the generation procured entered 

service.
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Figure 111-12: Changes of surplus, by groups of economic agents, hourly basis
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Figure 111-13: Change of total surplus, hourly basis
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Figure 111-14: Changes of surplus, by groups of economic agents, monthly basis
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Figure 111-15: Change of total surplus, monthly basis
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The results indicate that consumers located in Ontario faced a loss of surplus as a result 

of the procurem ent policy. The channel through which this loss was incurred was that 

the all-in price increased as a result of the policy. The results also recognise losses of 

surplus incurred by non-contracted generators and im porters as a result of a reduced 

wholesale m arket clearing price. Correspondingly, exporters gain surplus. In the 

context of the data presented, the losses discussed can be identified as the gains 

associated with the counterfactual policy relative to the base case while the gains 

discussed can be identified as the losses associated w ith the counterfactual policy 

relative to the base case.

In particular, over the whole study period, the analysis concludes that total surplus 

would have averaged $14,695 higher per hour under the counterfactual policy than the 

base case. Of this total, hourly surplus attributable to Ontario-based consumers, non- 

contracted generators, and importers w ould have averaged $10,169, $5,499, and $1,025 

higher, respectively, while hourly surplus attributable to exporters w ould have 

averaged $1,999 lower. On an aggregate m onthly basis, total surplus w ould have 

averaged $10.7 million higher under the counterfactual policy than the base case. Of 

this total, monthly surplus attributable to Ontario-based consumers, non-contracted 

generators, and importers would have averaged $7.4 million, $4.0 million, and $0.7 

million higher, respectively, while m onthly surplus attributable to exporters would 

have averaged $1.5 million lower.

Reflecting the implementation of the procurem ent program m e through time, all of these 

averages are higher over the last 24 m onths of the study period than over the whole 

study period. In particular, over the whole study period, the analysis concludes that 

total surplus would have averaged $47,327 higher per hour under the counterfactual 

policy than the base case. Of this total, hourly surplus attributable to Ontario-based 

consumers, non-contracted generators, and im porters would have averaged $34,229,
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$16,269, and $2,712 higher, respectively, while hourly surplus attributable to exporters 

would have averaged $5,883 lower. On an aggregate m onthly basis, total surplus 

would have averaged $34.5 million higher under the counterfactual policy than the base 

case. Of this total, m onthly surplus attributable to Ontario-based consumers, non- 

contracted generators, and im porters w ould have averaged $24.9 million, $11.8 million, 

and $2 . 0  million higher, respectively, while m onthly surplus attributable to exporters 

would have averaged $4.3 million lower.

In aggregate, the results show that the procurem ent policy resulted in a reduction of 

total surplus of approximately $1,177.5 million from its commencement in 2006 through 

to June 2011. Of this total, the loss of surplus from Ontario-based consumers, non- 

contracted generators, and im porters is reported to have been approximately $815.1 

million, $440.4 million, and $82.2 million, respectively, while the gain in surplus by 

exporters is reported to have been $160.2 million.

The (net) loss of total surplus constitutes the social cost of obtaining the CO2 emission 

reductions achieved as a result of the regulator's renewable energy procurem ent policy. 

The am ount of CO2 emission reductions achieved is the subject of the next section.

4.3. Change of CO2 emissions

The change of CO2 emissions resulting from the regulator's program m e of renewable 

energy procurem ent is due to the change in composition of Ontario-based supply it 

causes. The reduction of electricity output that is generated through the combustion of 

fossil fuels is given by equation (III-7). The reduction of CO2 emissions associated w ith 

this change of supply composition is given by equation (III-8 ).

Table III-4 reports the m ean and standard deviation of the changes in CO 2 emissions 

under the counterfactual policy. The results are reported on an hourly — tonnes per
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hour—and a m onthly—thousands of tonnes per m on th—basis. The statistics are 

presented for all 110 months of the study period and the last 24 m onths only. Figures 

III-l6  and III-l 7 illustrate the changes in average hourly and m onthly emissions, 

respectively, across the months of the study period.

The results indicate that the impact of the regulator's policy of renewable energy 

procurement on CO2 emissions has been growing through time, a finding consistent 

with the expectations regarding how the regulator's policy w ould m anifest itself, 

namely that the impact would gradually appear in the m arket as the generation 

procured entered service.

In particular, over the whole study period, the analysis concludes that CO 2 emissions 

would have been an average of 63 tonnes per hour, equivalent to approxim ately 46 

thousand tonnes per month, greater under the counterfactual policy than under the 

base case. Reflecting the implementation of the procurem ent program m e over time, the 

analysis reveals that CO2 emissions would have averaged 191 tonnes per hour, 

equivalent to approximately 139 thousand tonnes per month, more under the 

counterfactual policy than under the base case over the last 24 months of the study 

period.

Table III-4: Change of CO2 emissions, amount as noted, hourly and monthly basis
All months and last 24 months

Basis
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.
Hourly (tonnes) 63.35 87.16 191.08 87.02

Monthly (thousands of tonnes) 46.14 63.17 139.10 62.11
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Figure 111-16: Change ofC O i emissions, hourly basis
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In aggregate, the results indicate that the procurem ent policy resulted in a reduction of 

CO2 emissions of approximately 5,076 tonnes from its commencement in 2006 through 

to June 2011. These are the C 02 emissions that were abated as a result of the renewable 

energy procurement programme.

4.4. Cost of CO2 emission abatement

Having obtained estimates of the loss of total surplus related to the regulator's 

programme of generation procurement, as well as estim ates of the am ount of CO2 

emissions thereby abated, the cost of CO 2 emission abatem ent can be estim ated using 

equation (III-9). A modified version of equation (III-9) can be used in w hich the loss of 

surplus is the loss of surplus attributable to Ontario-based consumers alone rather than 

that of all economic agents combined.

Table III-5 reports the m ean and standard deviation of CO 2 emission-abatement costs 

using total surplus and Ontario-based consum ers' surplus alone as the relevant social 

cost based on the assum ption that it is natural gas-fuelled generation that replaces 

renewable energy under the counterfactual policy. Given that there was no CO 2 

emission-abatement before the first renewable energy generator entered the m arket in 

March 2006, equation (III-9) is not meaningfully defined for all 110 m onths of the study 

period. It is, therefore, calculated only for the 64 m onths in which renewable energy 

generators were in the market. The statistics are presented for all 64 m onths in which 

equation (III-9) can be calculated and the last 24 m onths only. Figure III-l8  illustrates 

CO2 emission-abatement costs for both definitions of social cost for all relevant months.

Table III- 6  and Figure 111-19 report analogous results based on the assum ption that it is 

coal-fuelled generation that replaces renewable energy under the counterfactual policy.
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Table 111-5: Cost of CO2 emission-abatement 
Dollars per tonne ofCOz ($/tonne)

Renewable energy in place of natural gas 
Based on total surplus and Ontario-based consumers' surplus alone 

All months and last 24 months

Measure of surplus
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.
Total surplus 205.21 43.78 236.00 39.69

Ontario-based consumers' surplus 132.83 45.12 168.68 38.55

Table 111-6: Cost ofCOz emission-abatement 
Dollars per tonne ofCOz ($/tonne)
Renewable energy in place of coal 

Based on total surplus and Ontario-based consumers' surplus alone 
A ll months and last 24 months

Measure of surplus
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.
Total surplus 92.11 19.65 105.92 17.81

Ontario-based consumers' surplus 59.62 20.25 75.71 17.30

U nder the assumption that renewable energy generators produced electricity that 

replaced natural gas-fuelled generation, the results indicate that the average cost of CO 2 

emission-abatement as a result of the regulator's program m e was approximately 

$205.21 per tonne of CO2. The slight upw ard-m ovem ent of this cost through time is 

likely a result of the slight upward-m ovem ent of the average contract price of 

renewable generation, as illustrated in Figure III-3, to which the regulator is party. 

Approximately two-thirds of this cost ($132.83 out of $205.21 per tonne) is borne by 

Ontario-based consumers through a reduction of surplus resulting from  the higher all- 

in price that prevails as a result of the programme. Notwithstanding this, the cost borne 

by the other economic agents is meaningful ($72.38 per tonne), indicating that failing to
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Figure 111-18: Cost of COi emission-abatement with renewable energy in -place of natural gas
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Figure III-19: Cost of CO2 emission-abatement with renewable energy in place of coal
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adequately account for the impact of the procurem ent program m e on agents other than 

Ontario-based consumers will result in cost estimates that are too low.

Under the alternative assumption that renewable energy generators produced 

electricity that replaced coal-fuelled generation, the results indicate that the average cost 

of CO2 emission-abatement as a result of the regulator's program m e was approxim ately 

$92.11 per tonne of CO2. As under the former assum ption, the slight up  w ard - 

movement of this cost through time is likely a result of the slight upw ard-m ovem ent of 

the average contract price of renewable generation to which the regulator is a party. 

Approximately two-thirds of this cost ($59.62 out of $92.11 per tonne) is borne by 

Ontario-based consumers through a reduction of surplus resulting from the higher all- 

in price that prevails as a result of the program m e. As under the former assum ption, 

the cost borne by the other economic agents is meaningful (approxim ately $32.49 per 

tonne) which indicates the importance of accounting for it.

To be clear, the analysis conducted thus far estimated the cost—a point estim ate—of 

CO2 emission-abatement for each m onth of the study period. The reported means in 

Tables III-5 and III- 6  are the averages of these m onthly values under the specified 

conditions. The standard deviation that is also reported m easures the variability of 

these m onthly values. While this is a useful measure of the stability of the m onthly 

point estimates, it cannot be used to establish a confidence set around the point 

estimate. An alternative process that can achieve such an outcome is discussed in the 

next section.

4.5. Bootstrapping the cost of CO2 emission-abatement

In order to establish confidence in the estimates of the cost of CO 2 emission-abatement 

associated with Ontario's generation procurem ent program m e, it w ould be useful to 

generate standard errors associated w ith the point estimates rather than point estimates
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alone. The process implemented in the previous sections did not allow for this 

outcome. However, the process can be used to construct the desired standard errors.

The results reported in the previous section are based upon using all 110 observations 

of m arket outcomes to estimate the m odel introduced in chapter II and subsequently 

the hypothetical impact on the modelled base case of a counterfactual policy under 

which no renewable energy generators entered O ntario 's electricity market. A single 

point estimate of the cost of CO 2 emission-abatement was calculated.

Alternatively, the procedure described above could be repeatedly im plem ented using a 

bootstrapped sample, i.e., a sample of 1 1 0  observations with replacement from the 

original data set. 67 Each bootstrapped sample w ould result in a single point estimate of 

the cost of CO2 emission-abatement (for each set of conditions such as replacement fuel, 

e.g., coal). The resulting set of point estimates would form a distribution. The m ean of 

this distribution which would be taken to be the point estimate of the cost of CO2 

emission-abatement and the standard deviation w ould be taken to be its standard error.

Table III-7 reports the point estimate and standard error of the cost of CO2 emission- 

abatement for both natural gas and coal as the replacement fuel. In each case there

Table III-7: Bootstrapped cost ofC O i emission-abatement 
Dollars per tonne ofC O i ($/tonne)

Renewable energy in place o f natural gas or coal 
Based on total surplus

Fuel Type M ean Std. Error
N atural gas 207.23 17.18

Coal 93.01 7.71

67 The bootstrap procedure repeatedly samples the data w ith  replacement and estimates both the base 
case m odel as well as the cost of emission-abatement. A superior technique involving sam pling the 
errors associated with the model estimated in chapter II is left as future research.
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Figure 111-20: Distribution of cost of CO2 emission-abatement, 
in $/tonne ofCO i emission-abatement with natural gas as the replacement fuel
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w ere 9,999 replications. The data  underly ing  these estim ates a re  illustrated  in Figures 

111-20 and 111-21. A sketch of a norm al d istribution  is im posed o n  each figure.

The bootstrapped estim ates of the cost of CO 2 em ission-abatem ent repo rted  in Table III- 

7 are sim ilar to those reported  in Tables III-5 and  III-6. In particular, if n a tu ra l gas is the 

generation fuel that renew able energy generation replaces in the supp ly  mix, then  the 

estim ated cost of CO 2 em ission-abatem ent is approxim ately $207 per tonne. If coal is 

the generation fuel that is replaced in the supply  mix, then  the estim ated  cost is 

approxim ately $93 per tonne. Both estim ates are statistically significant. These are the 

estim ates that the following discussion is based  upon.

5. Discussion

The analysis contained in this chapter indicates that the average cost of CO 2 em ission- 

abatem ent is at least $93 per tonne (higher tow ard  the end  of the  study  period). This 

value assum es the electricity produced  by O ntario 's  portfolio of w ind- and  solar-fuelled 

renew able energy generators replaces that produced  by coal-fuelled generators. If 

instead it is assum ed that the electricity produced by renew able energy generators 

replaces that produced  by natu ral gas-fuelled generators then the average cost of CO 2 

em ission-abatem ent is a t least $207 per tonne (also h igher tow ard  the end  of the  s tudy  

period).

These CO 2 em ission-abatem ent cost estim ates are consistent w ith  estim ates reported  by 

o thers in the context of O ntario 's  electricity m arket. For instance, in relation to  the feed- 

in-tariff in troduced  in  O ntario  in  2009, D ew ees (2010) estim ates that the specified 

contract prices im plied a value of CO 2 em ission-abatem ent of $85 per tonne in  the case 

of onshore w ind-fuelled generators (which are O ntario 's  dom inate p ro d u cer of non

hydroelectric renew able energy generation) replacing coal-fuelled generation. This
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compares to an estimate of $93 per tonne (standard error = 7.71) reported in this 

chapter.

The channels through which these costs are incurred are im portant. As the analysis of 

changes of surplus under the counterfactual policy m ade clear, all groups of economic 

agents in the m arket were affected by the procurem ent policy. Not all of these groups, 

however, were adversely affected by the policy.

As the results reported in Table III-3 indicate, Ontario-based consumers, non-contracted 

generators, and im porters were negatively affected by the policy. Ontario-based 

consumers were negatively affected because the all-in price they pay for electricity 

increased. Non-contracted generators and im porters were negatively affected because 

the wholesale m arket clearing price they receive for their respective activities decreased.

Exporters, on the other hand, were positively affected by the policy. This was because 

the wholesale m arket clearing price they pay decreased.

Indeed, Table III-3 indicates that the loss of surplus attributable to non-contracted 

generators is greater than half the size of the loss of surplus attributable to Ontario- 

based consumers. It is useful to consider the nature of these generators, in particular, of 

their ownership. W ith the exception of a small num ber of hydroelectric generators, the 

non-contracted generators are owned by the provincial governm ent through the crown 

corporation Ontario Power Generation (OPG ) . 68 Therefore, this loss of surplus 

constitutes a loss to the people of Ontario through their provincial governm ent . 69

68 These generators were fuelled largely by coal, uranium (nuclear), and water (hydroelectric).
69 This loss can be observed in tw o related ways. First, the assets generate less profit for their shareholder 
on an on-going basis, the government of Ontario. Second, losses are capitalised in the form of reduced 
assets valuations.
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It is critical to m ake clear that the loss of su rp lus identified above does n o t account for 

the benefits obtained by CO 2 em ission-abatem ent. Instead, it identifies the cost of the 

CO 2 em ission-abatem ent. In evaluating the p rogram m e the relevant econom ic question  

is not w hether these benefits are socially valuable. They are p resum ed  to be socially 

valuable. Instead, the relevant econom ic question w ith  respect to evaluating  the 

program m e is w hether the benefits w ere obtained at low est cost, th a t is, w hether the 

program m e w as allocatively efficient. A nsw ering  this question  requires a 

determ ination of w hat the lowest cost policy m ight be.

Two possible policy constructs to w hich O ntario 's  policy can be easily com pared  are the 

European U nion Emissions Trading Scheme (EU ETS) and  the Regional G reenhouse 

Gas Initiative (RGGI). The EU ETS is a useful benchm ark  because of the b read th  of its 

application, both  in term s of the num ber of industries subject to its term s and  the 

num ber of countries in w hich it is applicable. The RGGI is a benchm ark  because it 

im poses a cost on generators for CO2 em issions from  electricity generators in  the n o rth 

eastern U nited States, m arkets w hich are sim ilar to O ntario 's  in  m any w ays and  w hich 

routinely engage in electricity trad ing  w ith  O ntario.

Futures contracts for EU em ission allow ances trade  on, am ong other places, the 

Intercontinental Exchange (ICE). O ver the 2-year period  ranging  from  A pril 2010 to 

April 2012, fu tures contracts for EU em ission allow ances have traded  w ith in  a price 

range of €6-18 per tonne of CO 2 (approxim ately $8-24). Earlier it had  trad ed  as h igh  as 

€30 per tonne of CO 2 (approxim ately $40) 7°

70 For current (and som e historical) data on futures contract prices for EU em ission allowances, see ICE's 
webpage at https://www.theice.com/productguide/ProductDetails.shtml?specId=197. For additional 
historical data, see Grubb et al. (2009).
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The RGGI conducts quarterly auctions of emissions allocations. The highest observed 

auction m arket clearing price occurred in  M arch 2009 at a price of $3.51 per tonne of 

CO2 .71

Given this information, it can be concluded that the average cost of CO2 emission- 

abatement in Ontario's electricity market, a m inim um  of $93 per tonne of CO2 abated, is 

relatively high.

6 . Conclusions

This chapter reported a formal analysis of the social cost of C0 2 -emission abatem ent 

under Ontario's program m e of renewable energy generation capacity procurem ent.

The reported results m ade clear the inadequacy of focusing on the effect of the 

program m e on consumers alone. This necessitated the use of model of the m arket of 

the type introduced in chapter II.

The analysis concluded that the cost of C0 2 -emission abatem ent under O ntario 's 

program m e is well in excess of the cost of C0 2 -emission abatement in other jurisdictions 

and industries. This indicates that the same C0 2 -emission abatement achieved in 

Ontario could have been achieved at substantially lower cost—or substantially greater 

C0 2 -emission abatem ent could have been achieved at the same cost—under alternative 

policy constructs that exist elsewhere.

71 Historical RGGI auction market data is available at http://www.rggi.org/market/co2_auctions/results.
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Chapter IV: Application of global adjustment to exports

1. Introduction

There are many additional counterfactual policies that could be considered in the 

context of Ontario's electricity market. One that has received some attention in recent 

years relates to the potential application of global adjustm ent (GA) to exports. As 

described in chapter II, Ontario's current cost allocation m echanism is to apply GA only 

to consumers located in Ontario, i.e., Ontario-based dem and.

Out-of-market top-up payments m ade by the regulator to generators are a critical 

component of generators' revenue. These paym ents, which are funded through the 

global adjustment mechanism (GAM), are part of the cost associated w ith providing 

electricity to consumers. While current practice is to not levy the GA against traders 

who intend to export the electricity they purchase, there is no fundam ental economic 

reason why these consumers should avoid bearing any of burden  associated w ith these 

costs. A variety of alternative cost allocation rules are feasible; a subset of which will be 

considered here.

The chapter proceeds as follows. Section 2 discusses the m otivation for and importance 

of considering this issue. The theoretical impact of the counterfactual policy is 

described in detail in section 3. Using this as a basis of analysis, section 4 reports 

counterfactual results, which are then described—in their ow n right and in relation to 

the base case constructed in chapter II—in section 5. Section 6  concludes.

2. Importance of issue and motivation of analytical approach

This section describes the importance of studying alternative cost allocation 

mechanisms, with particular focus on their treatm ent of exports. The general approach
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taken to consider the impact of alternative mechanisms is then described.

2.1. Importance of issue

As discussed in chapters II and III, the regulator's activities have had the effect, inter 

alia, of lowering the wholesale market clearing price below the level that w ould have 

otherwise prevailed. Since exporters of electricity pay the wholesale m arket clearing 

price for their purchases, the implication is that regulator's activities induce a greater 

quantity of exports than would have otherwise prevailed. Indeed, a slight upw ard  

trend of the volume of exports is observable in Figure II-5.

Moreover, the GAM exists because the revenue obtained by electricity generators in the 

wholesale m arket can be insufficient to satisfy the cost recovery guarantees m ade by the 

regulator to certain contracted generators. The revenue obtained from consumers 

through the GAM funds the balance of these paym ents and constitutes part of total cost. 

There is no economic rationale for exempting certain consum ers from cost recovery 

considerations simply because of the location of consumption.

A num ber of alternative GA cost allocation mechanisms will be considered that depart 

in various ways from exempting exports from the GA altogether. Investigating the 

characteristics of these mechanisms is the purpose of this chapter. Am ong other effects 

is the possibility that subjecting exports to the GA may at least partially counteract the 

impact of the regulator's activities on exports of electricity.

2.2. Motivation of analytical approach

Under a counterfactual policy in which the pricing treatm ent of exports differs from 

current practice, the level of exports will differ from that observed under current 

practice. This, in turn, w ould impact the wholesale market equilibrium, including the 

wholesale m arket clearing price, the GA rate, the all-in price, and the levels of Ontario-

110



based supply, imports, and Ontario-based dem and. The m odel developed and reported 

in chapter II can be used to determine the impact of a policy change on each of these 

values.

Having determined the im pact on each of the variables listed — the ones determ ined 

within the model described in chapter II—the am ount by which total surplus differs 

under the counterfactual policy in comparison to the base case can be determined. 

Surplus is obtained by each of four types of economic agents considered: consumers 

based in Ontario (Ontario-based demand), producers based in Ontario (Ontario-based 

supply), and inter-jurisdictional traders (importers and exporters). The impact of the 

counterfactual policy on each of these groups of agents m ust be considered.

(The descriptions that follow of the impact of the counterfactual policy on the surplus 

obtained by each group of economic agents are similar to those given in section 2 . 2  of 

chapter III.)

Ontario-based consumers pay the all-in price, which is the sum  of the wholesale m arket 

clearing price and the GA rate. The impact of the counterfactual policy need not have 

symmetric effects on the components of this price. That is, one component could 

increase while the other decreases. Since Ontario-based consumers pay both, it is the 

net impact of the counterfactual policy that is relevant to consumers. A change of the 

all-in price, therefore, impacts consum ers' surplus. The effects of the individual 

components of the all-in price on consumers are not considered.

Ontario-based producers face incentives that are not uniform  across all firms. Firms 

that operate under contracts w ith the regulator are not affected by the counterfactual 

policy as they are compensated for any change of the wholesale market conditions. 

Other firms are exposed to the wholesale m arket clearing price. For these firms, a 

change of the wholesale m arket clearing price im pacts the surplus they obtain.
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Importers of electricity are paid the wholesale market clearing price and are impacted 

by the counterfactual policy in a m anner analogous to non-contracted Ontario-based 

producers.

The last group of economic agents considered is exporters of electricity. U nder a 

counterfactual policy in which such consumers were charged the GA ra te—or some 

fraction thereof—a wedge would be created between the wholesale m arket clearing 

price and the price paid by exporters (which w ould be the wholesale m arket clearing 

price plus the fraction of the GA levied against them). This w ould create a situation 

analogous to that faced by Ontario-based consumers. W ith respect to the surplus 

obtained by exporters, it would be impacted if the exporters' price differs from the 

original wholesale m arket clearing price.

The change of total surplus associated with the counterfactual policy under which an 

alternative GA cost allocation rule is adopted is the sum  of the individual effects 

outlined above.

The changes of surplus, both at the level of the economic agents themselves and in 

aggregate, associated with the counterfactual policy can be used  to inform  a discussion 

about the treatment of exports of electricity in a cost allocation context. There are a 

variety of perspectives—which define particular counterfactual policies—that could be 

taken in the associated analysis, some of which will be discussed here. The first is pro 

rata application of the GA rate to exports, in which case exports are treated in the same 

m anner as consumption by Ontario-based consumers. The second is to levy the GA at a 

rate that maximises total surplus or, equivalently, maximises the change in total surplus 

relative to the case (current policy) in which GA is not levied against exports. The third 

is to levy the GA at a rate that maximises the surplus of Ontario-based consumers, 

which is equivalent to minimising the all-in price.
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Finally, since exporters are charged some positive am ount of GA under the 

counterfactual policy, the regulator w ould receive revenue from  these transactions. The 

regulator's budget constraint m ust reflect this second source of revenue (in addition to 

the revenue generated by levying the GA on Ontario-based consumers).

With results associated w ith each of these counterfactual policies having been obtained, 

an assessment of the current GAM's treatm ent of exports can be undertaken.

3. Analytical approach and anticipated effects

The counterfactual policy impacts the m arket through two mechanisms: by altering the 

export dem and equation and by altering the regulator's budget constraint. The 

previous section described each of these mechanisms in general terms. A detailed 

description focusing on how  they affect the model introduced in  chapter II is provided 

here.

Section 3.1 describes how  the counterfactual equilibrium  is explicitly m odelled in the 

model introduced in chapter II. Section 3.2 inventories the set of particular cost 

allocation rules—special cases of the general counterfactual equilibrium  considered in 

section 3.1 — considered in this chapter.

3.1. Counterfactual equilibrium

The GA rate (g t), or any fraction thereof, could be charged to exports as well as 

Ontario-based dem and. Define this fraction to be z. It is assumed to be time-invariant. 

Thus, the exporters' price would be p t + z g t .

Under the counterfactual policy, the first mechanism identified above requires that the 

export dem and equation—equation (II-4)—be re-specified to reflect the altered price
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charged to exports. Thus, the export dem and equation under the counterfactual policy 

is

qet = A> + PiiPt + *9t) + PzN Y M  + c4t (IV-1 )

The second mechanism requires that the equation that specifies the revenue collected by 

the regulator—equation (II-5)—be re-specified to account for the revenue associated 

with the level of exports. Thus, the am ount of revenue collected by the regulator is

Revt = g t (q? + z q et ) (IV-2)

As a result of this re-specification, the regulator's budget constraint changes as well. 

Given that the costs borne by the regulator—specified by equations (II-6 ) and (II-7) —are 

not affected by the counterfactual policy, the regulator's budget constraint becomes

9 t { q f  + z R t) = * (P?ind ~ pt) + q l°lar * so lar _capacity  * (p^olar -  Pt)

+ q ™ 9S * ( p ™ 9S -  P t )  +  q ™ clear * ('pnuclear _  p j  

base_hyd.ro r base_hydro  n  'v
+ Rt *{Pc ~ pt)

+ n a t _g as jcapacity  t + con tingencyt + c o n se rv a tio n  (IV-3)

The other four equations in the six-equation system of equations introduced in chapter 

II—Ontario-based supply (equation (II-l)), imports (equation (II-2)), Ontario-based 

dem and (equation (II-3)), and the quantity equilibrium  (equation (II-9) — are unaffected 

by the counterfactual policy.

The current practice of not charging the GA to exports is the special case where z  = 0. 

Clearly no revenue associated w ith the level of exports w ould be collected by the 

regulator under such circumstances. This was referred to as the base case in the model 

introduced in chapter II.
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Before proceeding with a discussion of the impact of the counterfactual policy on the 

surplus obtained by the various groups of economic agents, consider the im pact on the 

market equilibrium of setting z  > 0. Starting from z  = 0, consider the effect on the 

magnitude of exports as captured by export dem and equation (either of equations (II-4) 

and (IV-1)). Ceteris paribus, an increase in the price charged to exports w ould result, as 

reported in Table II-3-Panel D72, in a reduction of the quantity of electricity exported. A 

reduction of export demand would result in a reduction of aggregate dem and and, 

therefore, the wholesale market clearing price. Since both Ontario-based supply and 

imports have been found to respond positively to an increase in the wholesale m arket 

clearing price, as reported in Table II-3-Panels A and B73, a reduction of the wholesale 

market clearing price will reduce both. Ontario-based dem and, as reported in Table 11- 

3-Panel C74, will increase.

The impact described above assumed all else was equal. This is not the case, however. 

In particular, the GA rate, as it is endogenous w ith respect to the wholesale market, 

may change as well. To consider how the GA rate changes, if a t all, assume it does not 

change. With the GA rate held constant, increased Ontario-based dem and results in 

additional revenue being collected by the regulator as described by equation (IV-5). As 

well, as long as exports do not decline to zero, additional revenue for the regulator is 

collected from them. Overall, the regulator's revenue increases. However, a lower 

wholesale market clearing price results in Ontario-based suppliers earning less revenue 

from the wholesale market. As summarised by equation (IV-3), many Ontario-based 

suppliers operate under contracts that entitle them  to receive specified out-of-market 

top-up payments that are inversely related to the wholesale m arket clearing price.

72 It is reported in the table that 0 1 = -  21.71 < 0, a statistically significant result (p-value = 0.000).
73 It is reported in the table that ya = 110.12 > 0 and fr, = 20.29 > 0, both statistically significant results 
(p-value = 0.000 for each).
74 It is reported in the table that a x = -  84.55 < 0, a statistically significant result (p-value = 0.000).
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Taken together, the effect of these contracts is to raise the am ount of expenses incurred 

by the regulator. The net impact on the regulator's budget is ambiguous.

On the other hand, since only a subset of Ontario-based suppliers is subject to receiving 

out-of-market top-up paym ents that constitute an expense for the regulator, the total 

amount of revenue collected by suppliers from all sources declines. Since Ontario- 

based demand increases, the all-in price charged to Ontario-based consum ers declines. 

Therefore, a potential increase of the GA rate is of a smaller absolute m agnitude than 

the decrease of the wholesale m arket clearing price.

In sum, the theoretical impact of the application of GA to exports in comparison to the 

base case under which no GA is applied to exports is to reduce exports, imports, and 

Ontario-based supply as well as both the wholesale m arket clearing and all-in prices, 

while increasing Ontario-based dem and and the price paid for exports. The impact on 

the GA rate itself is ambiguous. W ith respect to the quantity equilibrium, the decrease 

in exports is offset by the increase of Ontario-based dem and and the decrease of 

Ontario-based supply and im ports .75

The impact on each of the endogenous components of the m arket equilibrium —the four 

quantities and two prices—will change w ith a changing z. The fundam ental feature of 

an increasing z is that the price charged to exports will rise continuously, thereby 

reducing the level of exports continuously. At some level of z a policy of levying GA on 

exports becomes counter-productive for Ontario-based consumers as the quantity of 

exports decline sufficiently such that the all-in price paid by Ontario-based dem and 

begins to rise. Moreover, at some level of z the model will become unstable due to, for 

instance, exports violating the non-negativity constraint. It is not obvious that these

75 Note that Ontario-based supply plus imports is strictly greater than Ontario-based demand plus 
exports as a result of line losses.
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issues are relevant over the range of z that is of interest here—a range that is discussed 

below —but will be revisited w ith the presentation of the results below.

3.2. Cases considered

A num ber of alternative GA allocation rules are of particular interest here. Each of 

these can be thought of as special cases of the counterfactual policy. In particular, each 

can be associated w ith a particular level of z. First, pro rata application of GA to exports

implies z = 1. Second, z could be selected so as to maximise total surplus. Third, z

could be selected so as to maximise the surplus of Ontario-based consumers. This is 

equivalent to minimising the all-in price. Each of these rules is discussed in detail.

Determining the counterfactual policy equilibrium  in the case where GA is applied to 

exports on a pro rata basis is the m ost straightforward of the four cases to be considered 

in detail. In particular, z = 1 implies that the export price and the all-in price both equal 

to p t + zg t = pt + g t . Likewise, equations (IV-1) and (IV-2) become

q t  = Po + A  (Pt + S t) + 0 2 NYJLt + £« (IV-4)

and

Revt = g t ( q f  + q t )  (IV-5)

Finding the counterfactual policy equilibrium  can be done in a m anner comparable to 

the process used to solve for the base case equilibrium  in chapter II. The impact of pro 

rata application of GA to exports is defined to be the difference betw een these two 

equilibria.

Determining the particular value of z that maximises total surplus requires that the 

components of total surplus under each value of z be computed. Equivalently, the 

m agnitude of surplus obtained by each group of economic agents over the range of z
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values considered can be compared to a reference case, say z  = 0  —the base case 

constructed in chapter II. For each value of z, the deviation of total surplus from  that 

obtained under the base case is defined to be the change of surplus associated w ith z. 

Choosing z so as to maximise this difference yields the particular rate at which 

application of GA to exports maximises total surplus. The process used to m ake these 

change of surplus calculations is analogous to the process used to calculate the changes 

of surplus associated w ith the no renewable energy counterfactual policy studied in 

detail in chapter III. See section 3.2 of chapter III for an extended discussion.

Finally, determining the particular value of z that maximises the surplus obtained by 

Ontario-based consumers can be done by following a process identical to that used 

when maximising total surplus.

It was stated above that attention would be focused on a particular range of z values. 

Negative values of z imply either: (i) contem poraneous rebates to exports and charges 

to Ontario-based dem and or (ii) contemporaneous charges to exports and rebates to 

Ontario-based dem and. Thus, negative values of z are ignored. As a result, the range 

considered is z  > 0 .

4. Empirical results

This section reports the empirical results associated w ith implementation of the 

analytical approach described in the previous section. Section 4.1 reports the 

counterfactual policy equilibrium under various values of z, while section 4.2 uses these 

results to determine the particular values of z associated with the third and fourth cases 

of particular interest discussed in section 3.2.
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4.1. Counterfactual equilibrium

The counterfactual policy equilibrium is constructed for values of z  > 0, at z-increments 

of 0.01. 76 Each equilibrium is characterised by values of the six endogenously- 

determined variables—Ontario-based supply, imports, Ontario-based dem and, exports, 

the wholesale m arket clearing price, and the GA rate (and by extension, the all-in price 

and the exporters' price) — as well as the am ount by which the surplus obtained by each 

of the four groups of economic agents differs from the base case.

Table IV-1 reports the m ean and standard deviation of each of the endogenous variables 

in the model under the base case (z = 0 ) and pro rata (z = 1 ) application of GA to exports. 

The statistics are presented for all 110 m onths of the study period and the last 24 

months only. Figure IV-1 illustrates the wholesale m arket clearing price time series 

corresponding to these two cases for the whole study period. Similarly, Figures IV-2 

and IV-3 illustrate the GA rate and all-in price time series, respectively. It is the m ean 

and standard deviation of these series that are sum m arised in Table IV-1.

Figure IV-4 separately illustrates the m ean of the counterfactual policy wholesale 

market clearing price, GA rate, Ontario all-in price, and export price for values of z 

ranging from 0 to 1 at one-hundredth increments, respectively. Similarly, Figure IV-5 

illustrates the m ean of the counterfactual policy wholesale m arket clearing price,

Ontario all-in price, and export price on a single plot, while Figure IV- 6  separately 

illustrates the m ean of the counterfactual policy Ontario-based supply, imports, 

Ontario-based exports, and exports, respectively. All 110 m onths of data were used in 

the calculation of these figures.

76 z = 0 is not a counterfactual since it is the base case. The results reported in the case where z  = 0 are, 
therefore, the same as those reported in chapter II as the base case.
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Table IV-1: Endogenous variables under base case (z = 0) and pro rata (z = 1) application of 
GA to exports counterfactual, all months and last 24 months 

Units defined in Table II-l

Variable Case
All Months Last 24 Months

Mean Std. Dev. Mean Std. Dev.

Qst
Base Case 17,570.2 1,129.6 17,583.2 1,182.9
GA Export 17,490.6 1,165.8 17,325.0 1,243.6

q lt
Base Case 949.0 306.3 655.8 195.9
GA Export 934.3 324.4 608.2 214.5

q t
Base Case 16,685.5 1,168.4 16,263.8 1,303.0
GA Export 16,745.5 1,117.6 16,455.8 1,238.6

qet
Base Case 1,370.7 459.6 1,519.2 217.1
GA Export 1,218.8 467.3 1,029.1 199.4

Pt
Base Case 49.83 11.91 37.46 11.05
GA Export 49.11 12.99 35.12 12.06

9t
Base Case 7.71 12.77 24.85 11.38
GA Export 7.72 12.76 24.92 11.34

Pt + 9t
Base Case 57.54 5.09 62.31 1.87
GA Export 56.83 4.81 60.04 2 . 0 1

For each of the four groups of economic agents under consideration, Figure IV-7 

illustrates the mean change in surplus obtained under the counterfactual policy z 

relative to the reference case, z = 0. Thus, the change in surplus obtained at z = 0—the 

base case—is, by definition, zero. Values of z ranging from 0 to 1 are illustrated.

Figure IV- 8  illustrates the m ean change in surplus obtained under the counterfactual 

policy z relative to the reference case for Ontario-based consumers alone over a larger 

range of z values than considered in Figure I V-7.

Finally, Figure IV-9 illustrates the change in total surplus obtained by all economic 

agents collectively under the counterfactual policy z relative to the base case. The 

illustrated curve is the vertical sum  of the four curves illustrated in Figure I V-7—over
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Figure IV-1: Wholesale market clearing price time series
Base case (z = 0) and pro rata (z = 1) application ofG A  to exports counterfactual
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Figure FV-2: Global adjustment time series 
Base case (z = 0) and pro rata (z = 1) application o f GA to exports counterfactual
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Figure IV-3: All-in price time series
Base case (z  =  0) and pro rata (z  =  1) application ofG A  to exports counterfactual
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Figure IV-4: Wholesale market price, GA rate, Ontario all-in price, and export price, various z
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Figure IV-5: Wholesale market clearing price, Ontario all-in price, and export price, various z
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Figure TV-6: Ontario-based demand, exports, Ontario-based supply, and imports, various z
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Figure IV-7: Change of surplus, by group of economic agents at various values o fz
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Figure TV-8: Change o f surplus o f Ontario-based consumers at various values o fz
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Figure IV-9: Change of total surplus at various values o fz
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the same range of z values.

The data illustrated in Figures I V-7, IV-8 , and IV-9 are denom inated in dollars. Since it 

is a typical hour that is modelled, the changes in surplus can be interpreted as changes 

in dollars of surplus per hour.

4.2. Cases considered

As described in section 3.2, three alternative GA allocation rules are assessed in this 

chapter in terms of their treatm ent of electricity exports. The first, pro rata application 

of the GA rate to exports, is defined as an explicit value of z, i.e., z = 1. The second and 

third rules require an analysis of the m agnitude of surplus obtained by the various 

groups of economic agents.
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The particular value of z that maximises the total surplus obtained by all economic 

agents jointly is illustrated in Figure IV-9. It is z = 0.32. This result m eans that 

allocating GA to exports at 32% of the rate at which it is applied to Ontario-based 

consumption maximises total surplus. This result is consistent—in the sense of a classic 

Ramsey-inspired allocation rule—with the finding in chapter II that the price elasticity 

of Ontario-based demand is approximately one-third that of dem and for exports.

The particular value of z that maximises the surplus obtained by  Ontario-based 

consumers alone is illustrated in Figure IV-8 . It is z = 1.56. This result m eans that 

allocating GA to exports at 156% of the rate at which it is applied to Ontario-based 

consumption maximises the surplus obtained by consumers located in Ontario. It is 

particularly notable that this allocation rate exceeds unity, a finding comm ented on in 

the next section.

It is not surprising that this allocation rate is greater than the rate that maximises total 

surplus. To see why, from an initial allocation rate of z = 0.32, consider the effect on the 

wholesale m arket equilibrium of raising z —the reasoning of which is similar to that of z 

> 0 compared to z = 0 as explained above. An increase of the allocation rate will result 

in a higher export price and, therefore, fewer exports (Figures IV-5 and IV-6 , 

respectively). The decline in exports constitutes a decline in aggregate dem and and, 

therefore, the wholesale market clearing price (Figure IV-4). Im ports and Ontario-based 

supply w ould also decline (Figure IV-6 ). The impact on the GA rate itself is, as 

discussed above, more complex to unravel, with the effect being ambiguous. However, 

the results illustrated in Figure IV-4 show that an increase of the allocation rate z above

0.32 lowers the all-in price paid by consumers located w ithin Ontario, thereby raising 

the surplus obtained by them (Figure IV-8 ). Thus, the allocation rate that maximises the 

surplus obtained by Ontario-based consumers alone is greater than the rate that 

maximises total surplus.
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5. Discussion

A discussion of the counterfactual policy results associated w ith each of the three 

alternative GA allocation rules described above is reported in this section.

5.1. Pro rata (z = 1)

Table IV-1 reports that, averaged over (i) all 110 m onths of the study period and (ii) the 

last 24 months of the study period, the counterfactual policy impact of pro rata 

application of GA to exports (compared to the base case) w ould be to reduce exports, 

Ontario-based supply, imports, the wholesale m arket clearing price, and the Ontario all- 

in price, while increasing Ontario-based dem and. These directional results accord w ith 

the theoretical expectations described in section 3.1. The GA rate itself, which was 

anticipated to be ambiguously affected by the counterfactual policy, is found to be 

impacted (marginally) positively.

In particular, over the whole study period, the results report that pro rata application of 

GA to exports reduces the average wholesale m arket clearing price by $0.72 per MWh, 

from $49.83 per MWh to $49.11 per MWh, a reduction of approximately 1.4%. The GA 

rate itself is reported to increase by $0.01 per MWh, from  $7.71 per MWh to $7.72 per 

MWh, an increase of approximately 0.1%. The Ontario all-in price—the wholesale 

m arket clearing price plus the GA ra te—is reported to decline by $0.71 per MWh, from 

$57.54 per MWh to $56.83 per MWh, a reduction of approximately 1.2%. These results 

confirm the expectation described in section 3.1 that the m agnitude of the GA rate 

change is smaller than the m agnitude of the wholesale m arket clearing price change.

With respect to the quantities, pro rata application of GA to exports reduces the average 

volume of exports by approxim ately 152 MWh per hour, or 11.1%. Ontario-based 

dem and increases by 60 MWh per hour (0.4%), while Ontario-based supply and imports
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decline by 80 MWh per hour (0.5%) and 15 MWh per hour (1.5%), respectively .77

The data reported in Table IV-1, among other things, include averages of the time series 

illustrated in Figure IV-1, IV-2, and IV-3, for the two time periods indicated. It is 

evident from the figures that the impact of pro rata application of GA to exports is 

relatively larger towards the end of the study period. This is no t surprising, as it 

reflects the growing importance through time of the regulator's policy of generation 

procurement. This feature of the m arket is w hy Table IV-1 reports counterfactual policy 

results for the last 24 months of the study period.

Over the last 24 months of the study period, pro rata application of GA to exports 

reduces the average wholesale m arket clearing price by $2.34 per MWh, from  $37.46 per 

MWh to $35.12 per MWh, a reduction of approxim ately 6.2%. The GA itself is reported 

to increase by $0.07 per MWh, from $24.85 per MW h to $24.92 per MWh, an increase of 

approximately 0.3%. The Ontario all-in price is reported to decline by $2.27 per MWh, 

from $62.31 per MWh to $60.04 per MWh, a reduction of approxim ately 3.6%. As w ith 

the results corresponding to the whole study period, these results confirm the 

expectation that the m agnitude of the GA rate change is smaller in m agnitude than the 

magnitude of the wholesale m arket clearing price change.

With respect to the quantities, pro rata application of GA to exports reduces the average 

volume of exports by approximately 490 MWh per hour, or 32.3%. Ontario-based 

demand increases by 193 MWh per hour (1.2%), while Ontario-based supply  and 

imports decline by 258 MWh per hour (1.5%) and 48 MW h per hour (7.3%), 

respectively .78

77 Due to assumed line losses and rounding, the changes of the endogenous quantities do not net out to 
zero. This is analogous to the impact of line losses on the quantity equilibrium condition, equation (II-9).
78 See the previous footnote.
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With respect to the impact on total surplus and its components across the whole study 

period, pro rata application of GA to exports w ould decrease the surplus obtained by 

non-contracted Ontario-based supply and im porters (because the wholesale m arket 

clearing price would be lower), as well as that obtained by exporters (because the export 

price w ould be lower). In particular, average hourly surplus obtained by Ontario-based 

supply, importers, and exporters would be approximately $3,058, $401, and $8,899, 

lower under the counterfactual policy, respectively. The surplus obtained by Ontario- 

based consumers would be $11,176 higher per hour. These values are illustrated in 

Figures IV-7 and IV-8 . In sum, hourly total surplus would be $1,182 lower under the 

counterfactual policy .79 On an annual basis, total surplus would be approxim ately $10.4 

million (= $1,182 per hour * 8,760 hours per year) lower under the counterfactual policy 

compared to the base case.

It is evident from the results presented in Table IV-1, as well as Figure IV-6 , that the 

impact of pro rata application of GA to exports would meaningfully reduce the volume 

of exports—by 11.1% over the whole study period. It is also evident that such a policy 

would have had a relatively large impact towards the end of the study period, 

underscoring the growing importance of the GA rate component of the all-in price paid 

by Ontario-based dem and. While pro rata application of GA to exports w ould be 

beneficial to consumers located within Ontario, all other groups of economic agents 

considered w ould lose surplus as a result. As well, society as a whole w ould be worse 

off as total surplus would be reduced.

These results suggest that pro rata application of GA to exports is not an economically 

desirable policy option. The policy is not optimal from the perspective of society as a 

whole and, while consumers located in Ontario would be m ade better off, the policy is

79 Figures do  not sum correctly due to rounding.
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not necessarily optimal from their perspective either (as will be shown below).

Discussions with current and former senior officials at the IESO support the conclusion 

that pro rata application of GA to exports w ould not be a desirable policy choice for 

Ontario. In particular, given that towards the end of the study period the GA rate 

regularly exceeded the wholesale market clearing price, it has been stated that based 

upon based upon their best judgement, informed by experience, pro rata application of 

GA to exports may cause exports to fall to zero—especially during off-peak hours.

5.2. Maximum total surplus

In the previous section it was shown that pro rata application of GA to exports resulted 

in less surplus being obtained by all economic agents together compared to the base 

case, i.e., z = 1 is socially preferable to z = 0. However, it is possible that there exists at 

least one allocation rate z > 0  that differs from unity and yields more total surplus than z 

= 0. In fact, the results illustrated in Figure IV-9 show those allocation rates 0 < z < 0.63 

create more total surplus than z = 0, w ith total surplus being maximised w ith z = 0.32.

The wholesale m arket equilibrium under the counterfactual policy w here z = 0.32 can be 

read off Figures IV-4, IV-5, and IV-6 . In particular, the average wholesale m arket 

clearing price would be $49.64 per MWh, a reduction of $0.19 per MWh (0.4%) 

compared to the base case average of $49.83 per MWh; the average GA rate would be 

$7.61 per MWh, a reduction of $0.10 per MW h (1.3%) com pared to the base case average 

of $7.71 per MWh; the average all-in price w ould be $57.25 per MWh, a reduction of 

$0.29 per MWh (0.5%) compared to the base case average of $57.54 per MWh; and the 

average export price w ould be $52.07 per MW h (= 49.64 + 0.32 * 7.61 = 49.64 + 2.34), an 

increase of $2.24 per MWh (4.5%) compared to the base case average of $49.83 per 

MWh.
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The average level of Ontario-based demand w ould be 16,710 MWh per hour, an 

increase of 24 MWh per hour (0.1%) compared to the base case average of 16,686 MWh 

per hour; the average level of exports would be 1,322 MW h per hour, a decrease of 48 

MWh per hour (3.5%) from the base case average of 1,370 MWh per hour; the average 

level of Ontario-based supply (from all sources) w ould be 17,549 MWh per hour, a 

decrease of 21 MWh per hour (0.1%) compared to the base case average of 17,570 MWh 

per hour; and the average level of imports w ould be 945 MWh per hour, a decrease of 4 

MWh per hour (0.4%) from the base case average of 949 MWh per hour. Note that due 

to line losses (equation II-9)), the quantity changes, like the totals, do not net to zero.

Total surplus would increase by an average of $320 per hour under the counterfactual 

policy of z = 0.32. Annualised, this is equivalent to $2.8 million (= $320 per hour * 8760 

hours per year). This is, by definition, the maxim um  possible increase in total surplus. 

However, the four groups of economic agents are not im pacted symmetrically. In fact, 

Ontario-based consumers would be the only group that benefits, with the surplus 

obtained by them increasing by an average of $4,525 per hour or, equivalently, $39.7 

million per year. The other three groups would lose surplus. Exporters w ould lose the 

most: an average of $3,287 per hour or, equivalently, $28.8 million per year. N on

contracted Ontario-based supply and importers would lose an average of $807 per hour 

($7.1 million per year) and $111 per hour ($1.0 million per year), respectively.

In summary, allocating GA to exports at 32% of the rate at which it is applied to 

Ontario-based consumers maximises the level of total surplus obtained. In particular, 

annual total surplus would average approximately $2 . 8  million more than under the 

base case. Moreover, annual total surplus w ould average approximately $13.2 million 

(= 2.8 + 10.4) more than under pro rata application of GA to exports .80

80 $13.2 million is the sum of $2.8 million and $10.4 million.
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These results suggest that of the three allocation rules considered thus fa r—z = 0, 0.32, 

and 1 — z = 0.32 is the most preferred allocation, followed by z = 0 and then z = 1.

5.3. Maximum Ontario consumers' surplus

The final GA allocation rule to be considered is the one that would maximise the 

amount of surplus obtained by Ontario-based consumers alone. As stated in section 4.2, 

the allocation rate that would accomplish this outcome is z = 1.56. In other words, 

allocating the regulator's costs to exports at 156% of the rate at which they are allocated 

to Ontario-based consumers would maximise the surplus obtained by said consumers.

So as to focus on the rule that maximises total surplus, Figures IV-7 and IV-9 do not 

illustrate the rule under consideration here. However, the change in surplus obtained 

by Ontario-based consumers under the counterfactual policy z = 1.56 can be read-off of 

Figure IV-8 . It averages $13,497 per hour. Annualised, this is equivalent to $118.2 

million per year.

The corresponding wholesale m arket equilibrium  under the counterfactual policy 

would be as follows. The wholesale m arket clearing price w ould be $48.44 per MWh, a 

reduction of $1.39 per MW h (2.8%) compared to the base case average of $49.83 per 

MWh; the average GA rate would be $8.25 per MWh, an increase of $0.54 per MWh 

(7.0%) compared to the base case average of $7.71 per MWh; the average all-in price 

would be $56.68 per MWh, a reduction of $0.86 per MWh (1.5%) compared to the base 

case average of $57.54 per MWh; and the average export price would be $61.30 per 

MWh (= 48.44 + 1.56 * 8.25 = 49.64 + 12.87), an increase of $11.47 per MWh (23.0%) 

compared to the base case average of $49.83 per MWh.

The average level of Ontario-based dem and w ould be 16,758 MW, an increase of 72 MW 

(0.4%) compared to the base case average of 16,686 MW; the average level of exports
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would be 1,122 MW, a decrease of 248 MW (18.1%) from the base case average of 1,370 

MW; the average level of Ontario-based supply (from all sources) w ould be 17,417 MW, 

a decrease of 153 MW (0.9%) compared to the base case average of 17,570 MW; and the 

average level of imports would be 921 MW, a decrease of 28 MW (3.0%) from the base 

case average of 949 MW. Note that due to line losses (equation II-9)), the quantity 

changes, like the totals, do not net to zero.

While the surplus obtained by consumers located in Ontario would rise by an average 

of $13,497 per hour, or equivalently, $118.2 million per year under the counterfactual 

policy, the three other groups of economic agents w ould be m ade worse off. Exporters 

would lose the most: an average of $12,485 per hour or, equivalently, $109.4 million per 

year. Non-contracted Ontario-based supply and im porters w ould lose an average of 

$5,895 per hour ($51.6 million per year) and $722 per hour ($6.3 million per year), 

respectively. Taken together, total surplus w ould decline by an average of $5,605 per 

hour or, equivalently, $49.1 million per year.

It is im portant to note that this rule ignores the surplus people w ould obtain indirectly, 

through ownership of electricity trading (importers and exporters) firms and Ontario- 

based producers, including crown corporations whose profit ultim ately flows to the 

government.

In summary, allocating GA to exports at 156% of the rate at which it is applied to 

Ontario-based consumers maximises the surplus the said group obtains. This comes, 

however, at considerable cost other groups of economic agents and, in aggregate, 

results in the least total surplus being obtained than under either of the other two 

counterfactual allocation rules considered as well as the base case itself.
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5.4. Comparison of alternative allocation rules

The previous sections compared the current practice of exempting exports from bearing 

any of the costs associated w ith the regulator's activities to three alternative cost 

allocation rules: a rule that ignores the distinction between exports and domestic 

consumption (the pro rata rule, 2  = 1); a rule that maximises total surplus ( 2  = 0.32); and 

a rule that maximises the surplus obtained by Ontario-based consumers alone ( 2  = 1.56).

W ith respect to the total surplus criterion, allocation of GA to exports at 32% of the rate 

at which it is allocated to Ontario-based consumers was found to be optimal. Of the 

other alternative allocation rules considered, the current practice of exem pting exports 

from GA-related costs is preferable to pro rata application of GA to exports, which is 

itself preferred to the rule that w ould maximise surplus of Ontario-based consumers 

alone.

The reason for these differences is related to the extent to which allocation of GA to 

exports affects the level of exports. Charging GA to exports results in a portion of the 

regulator's costs—including the cost of the regulator's capacity procurem ent 

program m e—being allocated to exports. The higher is the allocation rate, the greater is 

the effect on the level of exports. The total contribution to cost recovery on the part of 

exports is the product of (i) the level of exports, (ii) the GA rate, and (iii) the export 

allocation rate (2 ). Under current policy, this product is zero since 2  = 0, m eaning 

exports currently make no contribution to the regulator's cost recovery. Choosing a 

relatively high export allocation rule would result in the level of exports being relatively 

low, implying that relatively little cost recovery w ould occur and that its effect would 

be a substantial loss of surplus that would have otherwise been obtained by traders.

Choosing the allocation rate so as to maximise total surplus does not imply that the 

contribution m ade to the regulator's costs by exports is maximised. Rather, it means
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that this potential source of cost recovery is m eaningful enough that it should not be 

ignored. Indeed, as the results presented in chapter II regarding the relative elasticity of 

Ontario-based dem and and export dem and indicate, a Ramsey-inspired allocation rule 

(maximisation of total surplus subject to a constraint, which in this case is the 

regulator's budget constraint) w ould suggest an allocation rate in the vicinity of one- 

third. This suggestion is confirmed by the counterfactual policy exercise undertaken in 

this chapter.

One result that is clear and corresponds w ith standard economic theory (especially, 

Ramsey pricing) is that the optimal GA allocation rule is not z = 0. That is, Ontario's 

current GA allocation policy in relation to covering the costs associated w ith exports is 

not optimal.

6. Conclusions

Based on the results reported in chapters II and III, it is argued that the regulator's 

procurement policy, which acted in the m arket by increasing the am ount of supply 

available at each price, is at least partially responsible for the decline of the wholesale 

market clearing price observed throughout the study period. This shifted costs 

guaranteed by the regulator from being covered by wholesale market revenue to being 

covered by the regulator and recovered from consum ers through the GA. These 

increased GA costs led to a general increase in  the level of the GA rate charged to 

Ontario-based consumers who, under current policy, pay all GA-related costs. At the 

time of its introduction, the GA rate did not constitute a consistently positive and large 

proportion of the all-in price. However, the growing importance over time of the GA 

rate as a component of the all-in price of electricity can be interpreted as a shift away 

from incremental cost pricing tow ards average cost pricing, an outcome which has 

negative implications for the allocative efficiency of the wholesale m arket. This
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development also magnifies the importance of the rule used by the regulator to allocate 

its costs among consumers.

The purpose of this chapter is to consider w hether the current practice of not allocating 

any of the cost of the regulator's activities—including its program m e of generation 

procurem ent—to exports is optimal or not. To that end, a set of cost allocation rules 

that could be used to allocate these costs differently are considered as counterfactual 

policies in the context of the model introduced in chapter II.

The results of the analysis indicate that an export allocation rate of 32% is optim al from 

the perspective of total surplus maximisation. Moreover, the results indicate that the 

current policy of exempting exports from GA is preferable on total surplus- 

maximisation grounds than either pro rata application of GA to exports or the adoption 

of a rule that maximises the surplus of Ontario-based consum ers alone.

6.1. Future research

Future research regarding the issues discussed in this chapter could proceed in a 

num ber of different directions. Five of these are discussed in this section.

First, the range of GA allocation rules considered in this chapter is lim ited to specific 

(dollar) m ark-ups of the wholesale m arket clearing price .81 An alternative approach 

would be to charge GA to consumers as a percentage mark-up, i.e., an ad valorem rate, 

of the wholesale m arket clearing price. Such a rule could be applied to the hourly 

wholesale market clearing price, thereby allowing the dollar-valued GA rate to vary 

across the hours within a month. The shift away from incremental cost pricing tow ards 

average cost pricing would be m uted as the am ount of GA allocated to hours w ith low

81 Since the GA rate is equal across all the hours within a month, there is no difference between levying  
the GA rate based upon hourly or monthly consumption.
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(high) wholesale m arket clearing prices would be lower (higher) than under a specific 

allocation rule.

Second, as discussed in Appendix II-A, recent changes to the GA allocation rule 

affecting large consumers (class A) are likely to play an increasingly im portant role in 

the consumption behaviour of these consumers and, by extension, small consumers 

(class B) as well. Accounting for this process will be necessary for data beyond June 

2011 to be analysed. Indeed, the Market Surveillance Panel (MSP, April 2012) reports 

preliminary evidence that class A consumers have responded to the rule change by 

changing their consum ption patterns in a m anner that allows them to avoid some 

portion of GA-related expenses .82 As well, there is a num ber of interesting political 

economy issues associated w ith the design, adoption, and functioning of the new GA 

allocation rule that heretofore remain unaddressed.

Third, the study employs a model that uses average monthly data, thereby ignoring the 

role of intra-month characteristics such as the on-peak/off-peak distinction. There m ay 

be value associated w ith specifying a model that accounts for this distinction. W ith the 

exception of the regulator's budget constraint, which covers both on-peak and off-peak 

hours of the month, all the other equations in the system could have on-peak and off- 

peak versions.

Fourth, it was assum ed that the coefficients of the various equations were stable 

through time, e.g., the Ontario-based dem and curve always has the same slope. It may

82 In particular, it is reported that there is som e evidence that large price-sensitive (class A) consumers 
have shifted consumption out of peak periods in order to avoid paying GA. However, it is not clear that 
the process by which the counterfactual policy is constructed is sensible—a shortcoming recognised by 
the report itself. For instance, the data show that class A consumers pay a smaller proportion of total GA 
expenses than they consume of total electricity. It is not implausible to believe that this w ould  have been 
the case had the previous policy remained in place. To the extent that it would have been, the difference 
between the proportion of GA expenses paid and electricity consumed cannot be due to the policy  
change.
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be the case that, for instance, the various policy developm ents since m arket opening 

have caused structural changes that have altered the estimates of these coefficients, 

especially with respect to the various price terms.

Fifth, it was implicitly assumed above that application of all or part of the GA to 

electricity exports by Ontario would not result in any kind of retaliatory action on the 

part of neighbouring jurisdictions. However, external jurisdictions m ay perceive the 

GA as comparable to their own capacity m arket cost uplift, and m ight respond to its 

application to exports w ith a similar rule. While it is not clear that retaliation would be 

sensible from the perspective of the external jurisdiction, it is also not clear w hat factors 

would guide the decision-making associated w ith any response. This m ust be better 

understood before any policy change can be entertained.
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Chapter V: The market for short-term financial transmission rights

1. Introduction

Along with the introduction of a wholesale m arket for electricity in May 2002, a market 

for financial transmission rights was also introduced. In 2010, the annual value of 

energy traded in the wholesale market, including global adjustm ent-related costs, 

exceeded $10 billion. Wholesale m arket consumers pay the hourly Ontario energy 

price (HOEP), which is determined by an algorithm that maximizes (short-term) total 

surplus . 83 One of the principal intents of this m arket was to incentivise short-term 

productive efficiency in the supply of electricity, including im ports from neighbouring 

jurisdictions. In the discussion that follows, attention is confined to inter-jurisdictional 

trade between Ontario and its neighbours, thereby ignoring intra-jurisdictional 

transmission issues.

Due to spatially-heterogeneous incremental costs, there exist potential gains from inter- 

jurisdictional trade. Traders are anticipated to arbitrage price variation between 

Ontario and neighbouring markets by scheduling trades appropriately. Thus, Ontario 

is expected to be a net im porter (exporter) of electricity from (to) those neighbouring 

markets whose incremental costs are relatively low (high). In the absence of trade 

barriers, pow er flows would be such that electricity prices and incremental costs would 

equalise across jurisdictions. However, since trade of electricity occurs on a 

transmission g rid—a network of paths that connect generators (supply, including

83 Consumers pay a variety of other fees in addition to the HOEP, such as global adjustment and 
transmission (delivery) fees, which are ignored in this analysis. The algorithm that determines prices in 
Ontario ignores the impact of intra-market transmission constraints. A related algorithm that determines 
the physical production schedule (including imports and exports) accounts for intra-market transmission 
constraints. Complete descriptions of each algorithm are omitted. Also omitted is a discussion of 
distinction between real-time and pre-dispatch timeframes. Except in the one very limited case 
discussed, these details are not relevant to the follow ing analysis.
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imports) to loads (demand, including exports) — such equilibria are attainable only if the 

requisite power flows satisfy the physically-defined characteristics of the transmission 

grid, principally its flow-capacity constraints.

Ontario's transmission grid is connected to those of five neighbouring jurisdictions, 

namely New York, Michigan, Minnesota, M anitoba, and Quebec. The connections 

between jurisdictions are referred to as interties. Ontario has a single internal control 

zone—in which all Ontario generation and load is located—with a uniform  internal 

price. Each of the five neighbouring jurisdictions is treated as separate external control 

zone with a corresponding external zone price that m ay differ from O ntario 's internal 

price .84 The extent by which any external control zone price differs (if at all) from the 

internal price depends on the state of congestion on the relevant transmission interface.

For each neighbouring jurisdiction, the price paid to (by) importers (exporters) is the 

relevant external zone price. The intertie congestion price (ICP) is defined to be the 

external zone price less the uniform  internal price and may differ across interties. For 

any particular intertie, if all economically desirable energy transactions can be 

scheduled without exhausting the intertie's transmission capacity then the intertie is not 

congested and the internal and external zone prices m ust be equal. In this situation, the 

relevant ICP would be zero.

If the economically desirable energy transactions exhaust the intertie's capacity then the 

intertie is congested. A congested intertie m ay be im port or export congested, but 

cannot be both simultaneously. Im port congestion arises because traders seek to 

schedule a greater than feasible am ount of imports. In this situation, allocation of scarce

84 Technically, Ontario's electricity market is comprised of 15 zones, one of which is the internal Ontario 
zone. The other 14 are external zones that proxy for the five neighbouring markets: 1 for each of N ew  
York, Michigan, and Minnesota, in addition to 2 and 9 for Manitoba and Quebec, respectively. Details 
regarding the distinction between paths are not relevant to the following analysis.
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transmission capacity is facilitated by lowering the external zone price to the level 

necessary so that the remaining desirable energy transactions just exhaust the intertie 's 

capacity. Thus, im port congestion results in the external zone price being less than the 

internal zone price, corresponding to a negative ICP. Analogously, export congestion 

results in the external zone price being greater than the internal zone price, 

corresponding to a positive ICP. In either case, the ICP is collected as revenue by the 

independent system operator (ISO). In Ontario, as discussed in earlier chapters, the ISO 

is called the Independent Electricity System Operator (IESO).

Since ICPs are determined by the interaction of supply and dem and in the wholesale 

spot market, ex ante they are random  variables from traders' point-of-view. While the 

spot m arket can be effective at incentivising short-term  productive efficiency in the 

provision of electricity, uncertainty regarding ICPs presents a potentially significant 

degree of risk to traders' financial outcomes and m ay alter their behaviour.

Unmitigated, this risk has the potential to underm ine the productive efficiency of the 

wholesale spot market.

Financial instrum ents called financial transmission rights (FTR), described in detail in 

the next section, have been developed to allow traders to hedge against the risk 

associated w ith uncertain congestion. The perform ance of these m arkets is, therefore, of 

great importance to the performance of the wholesale spot market for electricity. The 

principal purpose of this chapter is to assess the informational efficiency of Ontario 's 

FTR market. Of particular interest is the extent to which forward prices in this m arket 

provide unbiased forecasts of realised congestion.

One of the most im portant characteristics of FTRs, discussed in greater detail in section 

2, is the duration of time during which they are valid. In short, FTRs in Ontario are 

valid for either one m onth or one year. One-month FTRs are known as short-term  (ST)
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FTRs, while one-year FTRs are know n as long-term (LT) FTRs. The analysis reported in 

this chapter focuses on ST FTRs exclusively. Expanding on this analysis, consideration 

of LT FTRs, including issues specific to them, is undertaken in chapter VI.

The chapter proceeds as follows. Section 2 provides a detailed description of the 

characteristics of financial transmission rights and their associated m arkets. Certain 

uncommon aspects of O ntario 's m arket are highlighted. Readers are referred to an 

appendix for a detailed numerical example. Section 3 defines the m eaning of an 

informationally efficient forward market for the purposes of this chapter and explicitly 

relates this definition to the concept of predictive unbiasedness. Relevant econometric 

approaches and issues related to the assessment of unbiasedness are also discussed. 

Section 4 reviews existing econometric analyses of forward m arket unbiasedness, 

especially, though not exclusively, related to FTRs. Section 5 reviews the data used in 

the analysis. The relative importance of two (duration) types of FTRs is discussed, and 

statistical analysis is undertaken for each type. Section 6  defines the econometric 

models estimated, hypotheses tested, and methodologies em ployed in the subsequent 

econometric analysis. Particular attention is paid to the restrictions im posed by the data 

on the structure of analysis undertaken. Section 7 reports discussion econometric 

results. Section 8  concludes.

2. Financial transmission rights

FTRs were first discussed theoretically in H ogan (1992). FTRs are financial instrum ents 

that entitle their holders to receive streams of income contingent on the degree of 

congestion experienced in the transmission system. In Ontario, FTRs are available only 

with respect to transmission lines connecting the province's internal zone to 

neighbouring external zones. This is related to and consistent w ith the province's policy 

of maintaining a uniform internal electricity price.

142



2.1. Characteristics

A particular FTR can be defined by two characteristics: duration and path. The duration 

characteristic defines the contiguous period of time for which the right is valid. FTRs in 

Ontario are valid for one of two durations: one m onth and one year. The path 

characteristic is defined in term s of two sub-characteristics: interface and direction. The 

interface characteristic specifies the neighbouring jurisdiction to which the right is 

related. In Ontario, FTRs are available for each transmission interface on which trade 

can be scheduled .85 The direction characteristic specifies w hether it is the im port or 

export direction to which the right applies. Im ports and exports are defined w ith 

respect to Ontario. For instance, the May 2011 New York-to-Ontario FTR is valid for 

each hour in May 2011 on the New York-to-Ontario path.

FTRs exist in one-megawatt (MW) increments, that is, one FTR equals one MW on a 

given path.

As stated previously, the ICP is defined, on an hourly basis, to be equal to the external 

zone price less the uniform  internal Ontario price. Its value is zero, negative, or positive 

when there is no, import, or export congestion, respectively. The stream of income to 

which an FTR holder is entitled, defined analogously on an hourly basis, depends on 

the degree of congestion experienced on the path, and during the period of time, 

specified by the FTR. Each hourly paym ent is non-negative, while the degree of 

congestion is m easured by the m agnitude of the ICP. Consider a particular interface. If 

there is no congestion during an hour, paym ents of zero dollars are m ade to the holders 

of both the import- and export-path FTRs. If there is im port-path congestion, the 

absolute value of the ICP—which w ould otherwise be negative—is paid to the holders

85 See the previous footnote. N ote that it is not necessarily the case that imports and exports are 
schedulable on each of the specified interfaces.
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of im port-path FTRs, while export-path FTR holders are paid nothing. Analogously, in 

the event of export-path congestion, the ICP is paid to the holders of export-path FTRs, 

while im port-path FTR holders are paid nothing. Thus, FTRs constitute a mechanism 

for the disposal of revenue collected by the ISO, the IESO in Ontario, as a result of 

congestion.

The total income earned by the holder of an FTR is the accumulation of hourly 

payments over the hours during which the FTR is valid. M athematically, the payouts to 

import- and export-path FTRs, respectively, can be w ritten as

P a y O U t [ i m p o r t )  Path,  P e r io d  ~  S t  =  r|uiin{0, / C P p a t f t  , Per iod ,  t  }| 2 0 (V-l)

and

PayoUt{Export} p ath: p e r i o d  ~  ^ j t  =  T ^ ^ ^ { P > ^ P p a t h  ,P e r i o d , t }  — 0 (V-2)

where the period [7\ T] defines the range of hours over which the FTR is valid.

Given that the payout associated w ith an FTR is the accumulation of ICPs over a range 

of hours, and whereas ICPs measure the degree of congestion at an hourly level, it 

follows that FTR payout is a measure of aggregate congestion over the specified range 

of hours, either m onthly or annual periods as the case may be.

FTRs are purely financial instrum ents and, therefore, do not provide physical access 

rights to the transmission system. Control over the allocation of capacity on the 

physical transmission system rests w ith the ISO.

2.2. Dem and

The possibility of positive ICPs implies the possibility of positive FTR payouts. Fiolding 

FTRs in order to receive these payouts can be viewed as a mechanism for hedging the
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uncertainty associated with congestion. This is the principal reason FTRs were created. 

Uncertainty regarding the m agnitude of the ICP in any particular hour represents a 

potentially significant source of risk for inter-jurisdictional traders. Consider the 

example of a 1-unit (MW) export transaction on a particular path. Export congestion, as 

previously defined, results in the external zone price being greater than the uniform  

internal price by an am ount equal to the absolute value of the ICP (see equation (V-2)). 

This represents an uncertain cost to exporters. However, since the ICP constitutes the 

income earned by the holder of one export-oriented FTR valid during the same hour, if 

the trader owned the FTR, the risk associated w ith congestion would be fully hedged. 

Essentially, the trader would pay the ICP to themselves. The price of this hedge, that is, 

the price of avoiding congestion uncertainty, is determ ined in the FTR auction market.

Participation in the FTR auction market is not limited to energy traders alone. Purely 

financial investors may also participate. For these agents, FTRs are simply financial 

assets in which they can invest. Irrespective of their purpose, agents m ust form 

expectations regarding the m agnitude of the eventual payout.

2.3. Supply

In Ontario, as discussed in section 2.1, there are two durations of time during which an 

FTR is valid. A ST FTR is valid for all the hours of one particular calendar m onth. A LT 

FTR is valid for all the hours of four consecutive calendar quarters. The num ber of FTRs 

created by the ISO for each path  is related to the physical transmission capacity 

anticipated to be available on that path . 86 This constitutes the supply of FTRs.

86 The details of this process are complex and take account of, inter alia, planned transmission outages 
(internally and at various interties) and restrictions on the contemporaneous flow of pow er on different 
interfaces. Since these details are not relevant to the analysis conducted in this chapter, they are omitted.
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2.4. Auction market

The ISO periodically conducts auctions in which it sells the FTRs it created. Analogous 

to their duration, auctions for ST and LT FTRs are conducted m onthly and quarterly, 

respectively. There are, however, a num ber of structural differences betw een the two 

auction processes. The auctions for ST FTRs for m onth m, for all paths, are held m id

way through m onth m-1. Prospective FTR purchasers decide which auctions to bid in 

and subm it their bids confidentially to the ISO. For each path, the ISO aggregates all 

bids to construct a dem and schedule. Equilibrium, including the calculation of m arket 

clearing prices (MCPs), occurs in the standard manner. All bidders on a path  pay the 

same MCP and each auction occurs in one round . 87

2.5. Benefits of financial transmission rights and associated markets

There are two significant sources of benefits related to FTRs. First, as discussed above, 

they provide a mechanism by which electricity traders can hedge the congestion risks 

associated w ith inter-jurisdictional trading. Second, the price (MCP) at which the 

market clears signals agents' expectations regarding congestion over the relevant 

period.

2.5.1. FTRs as hedging instruments

The availability of financial instrum ents to hedge congestion risk enhances the efficient 

functioning of the underlying electricity market. W ithout the ability to hedge 

congestion risk, traders who would have otherwise purchased FTRs w ould have to form 

expectations of transmission congestion over the relevant period of time and account for 

it in the bids/offers they make in the underlying electricity market. There is a significant

87 Prior to October 2003 it was not always the case that ST FTRs for month m were auctioned in a single 
round m id-way through month m-1. Such FTR auctions were occasionally held prior to month m-1, and 
sometimes followed a two-round structure similar to that of LT FTR auctions.
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possibility that the resulting pow er flows w ould be sub-optimal, that is, w ould not 

maximise total surplus subject to transmission constraints . 88

To see how holding an FTR impacts the risk associated w ith congestion uncertainty 

faced by traders, consider both a hypothetical exporter and a hypothetical im porter of 

electricity from/to Ontario.

2.5.I.I. A hypothetical exporter

Suppose a trader arranges to export one MWh of electricity from  Ontario to, say, 

Michigan in each hour h of m onth m. They w ould expect to pay the Michigan zonal 

price for each unit exported and to be paid a (Michigan) price by a consum er located in 

Michigan (perhaps at a contracted level).

The profit made by an exporter that does not sim ultaneously hold an FTR for the 

relevant transmission path is

n _ e x p o r to N M/ m  =  Z h  \ [ P M l C H l G A N , m , h -  (HOEPm,h + ICP0N )]] (V-3)

where

^ M i c h i g a n ,m , h  the price received for the export from a customer in M ichigan for

hour h in m onth m;

HOEPm h is the hourly Ontario energy price (HOEP) for hour h;

and

ICPgpj Mi.m.h is the intertie congestion price (ICP) for the Ontario to Michigan 

transmission path for hour h in m onth m (as defined above).

88 For theoretical discussion of the value of hedging in the context of com m odity markets, see 
Bessembinder (1992) and Switzer and El-Khoury (2007).
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From equations (V-l) and (V-2) it is know n that

P a y O U tON m j  m  -  'Z{h.\ICP0N 0)ICPoNMl,m,h (V-4)

Define

P m i .tti -  Y i h  P M I C H I G A N , m , h (V-5)

and

C()N,m ~  Y t h H O E P m . h (V-6 )

to be the revenue received for electricity from the customer in Michigan and cost paid 

for electricity in the Ontario wholesale m arket (excluding the impact of congestion), 

respectively, for all hours in m onth m. Using equations (V-4), (V-5), and (V-6 ), equation 

(V-3) can be rewritten as

each hour of m onth m w ithout holding an FTR equals the revenue received from its sale 

less the sum  of its wholesale m arket cost and (non-negative) congestion rents/payout. 

Since the payout term in equation (V-7) depends upon transmission system congestion 

that is uncertain at the time at which trades are physically scheduled, it represents, as 

described above, a financial risk faced by the hypothetical exporter that it may desire to 

hedge against.

To see how  the purchase of an FTR impacts this risk, consider an alternative case where 

the hypothetical exporter holds an FTR. The profit m ade by an exporter that 

sim ultaneously holds an FTR for the relevant transmission path  is

n_exporto/v_M/,m -  ^M/,m -  { f 0 N,m  +  P a y o u i ON_MI,m) (V-7)

In words, the profit from exporting one MWh of electricity from Ontario to Michigan in
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IL export^  MLm = n_exportgN M/ m -  (MCPon_Mi,m ~ Pa y o u t0NMI>m) (V-8)

where

MCPon MI m is the auction m arket clearing price for the FTR valid on the Ontario 

to Michigan transmission path in m onth m.

Substituting equation (V-7) into equation (V-8) yields

rLexporto/v w / i T n  =  R Mi,m ~ ( Q w . m  + MCP0 N (V-9)

In words, the profit from exporting one MWh of electricity from  Ontario to M ichigan in 

each hour of m onth m while holding an FTR equals the revenue received from  its sale 

less the sum of its wholesale m arket cost and the price paid at auction for the FTR.

These profits are independent of the transmission system congestion that is uncertain at 

the time at which trades are physically scheduled.

Thus, as comparison of equations (V-7) and (V-9) makes clear, holding an FTR hedges 

all of the exporter's risk associated w ith uncertain transm ission system congestion.

2.5.I.2. A hypothetical importer

The situation of a hypothetical im porter is largely analogous to that of an exporter, 

though the elements of the analysis are defined som ewhat differently. Suppose a trader 

arranges to import one MWh of electricity from, say, M ichigan to Ontario in each hour h 

of m onth m. They would expect to be paid the M ichigan zonal price for each unit 

imported and to be pay a (Michigan) price to a producer located in Michigan (perhaps 

at a contracted level).

The profit made by an im porter that does not sim ultaneously hold an FTR for the 

relevant transmission path is
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njmportjk/ ON,m ~ l h \ [ ( H O E P n ,h -  l CPm O N ,m ,h )  ~  ^M IC H IG AN ,m ,h (V-10)

where

ICPMI 0N m h is the intertie congestion price (ICP) for the Michigan to Ontario 

transmission path for hour h in m onth m (as defined above)

and the other terms are defined as above.

Analogously to equations (V-4), (V-5), and (V-6),

PayOUtMI ON,m= Yih ICPmIJON,m.h'Z- 0 (V -ll)

R0N,m= Eh HOEPm h (V-12)

and

CMl,m~ Eft PMICHIGAN,m,h (V-13)

which are aggregate transmission congestion on the Michigan to Ontario transmission 

path, the revenue received from the Ontario wholesale m arket (excluding the im pact of 

congestion), and cost incurred for electricity in Michigan, respectively, for all hours in 

m onth m. Using equations (V-ll), (V-12), and (V-13), equation (V-10) can be rew ritten 

as

n jm p o r t^  0Nm = (RoN.m ~ PayoutMI 0N>m) -  CMIiTn (V-14)

In words, the profit from importing one MWh of electricity from Michigan to Ontario in 

each hour of m onth m w ithout holding an FTR equals revenue received from  its sale in 

Ontario, less the (non-negative) magnitude of transmission congestion, less the cost of 

the electricity in Michigan. Since the payout term in equation (V-14) depends upon 

transmission system congestion that is uncertain at the time at which trades are
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physically scheduled, it represents, as described above, a financial risk faced by the 

hypothetical im porter that it may desire to hedge against.

To see how the purchase of an FTR impacts this risk, consider an  alternative case where 

the hypothetical im porter holds an FTR. The profit m ade by an  im porter that 

simultaneously holds an FTR for the relevant transmission p a th  is

njm port^, ON,m = n jm p o rt^ ; £>N,m ( MCPW ON,m ~ Pay ° u ^MI_ON,m) (V-15)

where

MCPW 0N m is the auction m arket clearing price for the FTR valid on the 

Michigan to Ontario transmission path  in m onth m.

Substituting equation (V-14) into equation (V-15) yields

n jm p o rt^,_0N>m = (R0N,m ~ MCPmi ON,m) ~ CMlirri (V-16)

In words, the profit from importing one MWh of electricity from  Michigan to Ontario in 

each hour of m onth m while holding an FTR equals the revenue received from its sale in 

Ontario, less the price paid at auction for the FTR, less the cost of electricity in 

Michigan. These profits are independent of the transmission system congestion that is 

uncertain at the time at which trades are physically scheduled.

Thus, as comparison of equations (V-14) and (V-16) makes clear, holding an FTR hedges 

all of the im porter's risk associated w ith uncertain transm ission system congestion.

2.5.2. Prediction of magnitude of congestion

The other benefit of the FTR m arket is the potential for forward prices to provide 

information regarding future congestion in the transmission system. In the context of 

FTR markets, an unbiased prediction is one that predicts the relevant average payout
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and does not, therefore, systematically over- or under-estim ate the degree of congestion. 

If forward prices constitute unbiased predictions of congestion, then traders can use this 

information to account for expected transmission when scheduling trades. As the 

uncertainty associated with trading would be reduced, this inform ation supports the 

achievement of optimal power flow scheduling. Moreover, this information is 

especially beneficial to traders that did not purchase any FTRs, that is, those whose 

trading is unhedged (as they are not hedged against the cost of congestion).

As discussed in the introduction, assessing the unbiasedness of the forw ard m arket 

price at forecasting future congestion is the principal purpose of this chapter.

3. Theoretical characterisation of an informationally efficient forward market and 

econometric approaches to the assessment of forward market unbiasedness

In the long run, an informationally efficient forward m arket is one in w hich the 

expected return to speculation is zero, that is, prices reflect all available information. 

Assuming markets are competitive, transactions costs are zero, and economic agents are 

risk neutral, forward market efficiency implies that Uperiod-ahead forw ard prices 

observed in period t, f ttk, are unbiased predictors of fc-period-ahead spot prices, st+k.

The integer k can be thought of as the forecast interval. Symbolically,

E[st+k |d>t] = f t,k (V-17)

where E[ ■ |<ht] is an expectation conditioned upon the period t information set. Under 

the stated assumptions, deviations from the relationship described by equation (V-17) 

would be eliminated by arbitrage. The fc-period-ahead linear forecasting equation 

associated with equation (V-17) is

= a + P *  ft,k (V-18)
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with corresponding regression equation

s t+k = a  + p  * f tik + s t+k (V-19)

which may be augm ented to include relevant additional regressors. This is a levels 

regression that characterises the long-run relationship between forward and spot 

prices.89

Testing the m arket for informational efficiency/forward price unbiasedness am ounts to 

testing the null hypothesis

against the general alternative. This hypothesis, which is referred to as the joint 

informational efficiency hypothesis, is standard in this type of analysis. A finding of 

informational efficiency/forward market unbiasedness generally depends on failing to 

reject it. A more nuanced set of hypotheses — that consider a  and (3 separately as well as 

together—to test for informational efficiency/forward market unbiasedness are outlined 

in section 6. The purpose for hypothesising about each param eter separately is that 

equation (V-20) being rejected does not imply both conditions contained therein are to 

be individually rejected, that is, one may still hold, and that outcome m ay be 

informative in relation to understanding m arket performance.

89 An alternative approach to the assessm ent of forward market efficiency w idely analysed in the 
econometric literature is to consider the forward premium, f tk  -  s t/ as constituting an unbiased forecast 
of the ^-period change in the spot price, s c+k -  s t . See Fama (1984) for more information. Symbolically,

£[St+k — ~ ft,k ~

where the variables are defined as in the main text. The associated forecasting and regression equations 
are variants of equations (V-18) and (V-19). Hodgson, Linton, and Vorkink (2004) refer to this regression  
equation as a stationary regression that characterises the short-run dynamics of the underlying market. A 
extensive comparison of the levels and stationary regression approaches can be found in Barnhart and 
Szakmary (1991). The stationary regression approach is not implemented in this chapter.

H0:(a,(3)= (0,1) (V-20)
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Direct estimation of equations such as equation (V-19) w ith standard single-equation 

techniques such as OLS and Tobit can be m ade provided the forw ard and spot price 

time series are stationary. If the time series are not stationary, even w ith allowance for 

structural breaks, there may still exist a cointegrating relationship betw een forward and 

spot prices.

3.1. Censored dependent variable

The spot price, s, is the dependent variable in the above analysis. W ith respect to the 

analysis of forward m arket unbiasedness, the spot price is the payout to an FTR 

holder.90 As described by equations (V-l) and (V-2) in section 2, the payout variable is 

non-negative by definition. In particular, the payout to an FTR is observed to be 

positive when there is positive congestion on the relevant direction, on the relevant 

path. Otherwise, the payout is observed to be zero—even if there is positive congestion 

in the other direction of the same path. Thus, the payout variable is left-censored at 0.91 

As a result, the payout variable, s, can be interpreted as observable variable associated 

with the unobservable latent variable, s*, where:

(St i f  s*t > 0 m / m
St=(o i f  s ; <  0 (IV‘21)

One approach to proceeding with the estim ation of equation (V-19) under such 

circumstances w ould be to implement the standard  one-stage Tobit m axim um  

likelihood procedure. See Amemiya (1984) for a thorough survey of Tobit models.

90 In the context of this analysis, the terms spot price, dependent variable, and payout, as w ell as the 
symbol s, are synonym ous w ith  one another and refer to an aggregate value of congestion over a relevant 
period of time, which is itself synonym ous w ith the sum of hourly intertie congestion prices (ICP) over 
the corresponding range of hours as defined by equations (V -l) and (V-2) in section 2.
91 Strictly speaking it is the ICP that is left-censored. Aggregates of ICP, as defined in equations (V -l) and 
(V-2), will also be censored at the same point.
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Alternatively, a two-stage Heckman (1976,1979) selection-type approach could be 

implemented. In the first stage, a binary censoring (versus no censoring) dependent 

variable would be modelled by use of a probit model w ith the intent of generating a 

regressor—the inverse Mills ratio (IMR) —to augment equation (V-19). In the second 

stage, the resulting augmented version of equation (V-19) w ould be consistently 

estimated by OLS even in the presence of censoring.

If a meaningful proportion of observations are censored in some way, OLS estim ation of 

equation (V-19) would produce biased and inconsistent estimates. Use of techniques 

that account for censoring must, therefore, be conditional upon the incidence of 

censoring in the observed data. This is addressed in sections 5 and 6.

3.2. Path-by-path and seemingly unrelated regression approaches

As described in section 2, there are num erous distinct transmission paths connecting 

Ontario's electricity market with those of its neighbours. Equation (V-19) can be 

estimated w ith single-equation techniques for each path. However, recognising that 

forward markets for each path clear centrally92 and simultaneously, and that realised 

payouts for each are related to Ontario's physical electricity m arket and therefore to 

each other, it is reasonable to expect the disturbances associated with equation (V-19) 

for each path  to be correlated. In comparison to the path-by-path application of single

equation techniques, application of Zellner's (1962) feasible GLS estimator for seemingly 

unrelated regressions (SUR) is anticipated to result in more efficient estimates and, 

therefore, more precise hypothesis test results.

Zellner's GLS-SUR estimator can be implemented to improve upon OLS whenever OLS 

itself is applicable. The m ethod cannot be used to improve upon  Tobit m odel estimates

92 As stated in section 2, all of these markets are centrally managed by the IESO in Ontario.
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(as the dependent variable is censored), but it can be im plem ented in the second stage of 

Heckman's two stage alternative.

3.3. Panel data approach

Since the same basic observations regarding FTRs and related variables are m ade w ith 

respect to each transmission path, the data set—which is described extensively in 

section 5—is, in fact, a panel. O ther than the use of the GLS-SUR estimator, the 

approaches described above entirely suppress this feature of the data by considering 

each path as a distinct, independent FTR market. However, the forecasting equation (V- 

18) and its associated regression equation (V-19) can be reinterpreted in a standard 

panel data model context in which fixed- and/or random-effects are perm itted in linear 

and censored specifications. This construction of the data perm its testing the pooling 

hypothesis in which path  distinctions are assum ed to be irrelevant under the null 

hypothesis.

4. Previous analyses of forward market unbiasedness

There exist m any analyses of forward m arket unbiasedness. This section briefly reviews 

a selection of these. Those related to m arkets for financial transmission rights will be 

reviewed first and in relatively greater detail. Following this is a selection relating to 

other markets.

4.1. Unbiasedness and financial transmission rights

Despite the significant size of the underlying electricity market, Ontario's FTR m arket 

has not been studied extensively. Most analysis that has been conducted w ith respect to 

this market is contained in the sem i-annual reports of the Ontario Energy Board's (OEB)
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M arket Surveillance Panel (MSP) . 93 Of these reports, the m ost extensive analysis is 

contained in the August 2010 report (MSP, August 2010) and covers the time period 

June 2002 to March 2010. The descriptive and graphical analysis contained therein 

studied the various paths94 collectively and individually by directly com paring MCPs to 

payouts. Regardless of the approach, the report concluded that while FTR m arket 

performance varied across the paths considered, the m arket as a whole was not 

informationally efficient in the sense that the MCP for a particular auction appeared to 

provide relatively little information regarding the associated payout. These results 

suggest that the FTR m arket provided neither a good signal of future congestion, nor a 

useful financial hedging instrument.

Outside of Ontario, the New York FTR m arket is by far the m ost extensively studied . 95 

New York FTRs differ in a fundam ental sense from those in Ontario: there is no non

negative payout restriction. Consider a simple example. Suppose there is a 

transmission line from point A to point B. In Ontario, as discussed in section 2, there 

exist distinct transmission rights for the paths from point A to .point B and from point B 

to point A, respectively, and the payouts on each path are non-negative as described by 

equations (V-l) and (V-2). However, in New York there is no lower bound on the 

payout .96 Thus, if the transmission line was congested in the direction from point A to 

point B, holders of the A to B FTR would receive a positive paym ent (as they would in 

Ontario) while holders of a B to A FTR would receive a negative payout, that is, they 

would have to pay a positive-valued congestion charge (unlike in Ontario where, as 

stated, the payout would be limited to zero). This characteristic constitutes a 

fundamental difference between the two markets. It is expected that FTR bidders

93 Prior to the reforms of the Electricity Restructuring Act, 2004, the MSP was part o f the IESO.
94 A limited number of paths were excluded from the analysis due to a lack of observations.
95 The underlying electricity market opened in N ew  York in November 1999, with the FTR market 
opening at the beginning of 2000.
96 Thus, equations (V -l) and (V-2) collapse into a single-equation representation of the payout.
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account for the possibility of a negative payout when bidding and will have, in 

particular, to form expectations regarding the pattern of future congestion as well as its 

magnitude. Unless otherwise stated, the literature cited below is based upon analysis of 

the New York FTR market.

The earliest study of FTR m arket performance in New York w as Siddiqui, Bartholomew, 

Marney, and Oren (2005), which focused its attention on the performance of six-month- 

duration FTRs sold at the first four auctions over the years 2000 to 2001. 97' 98 Their study 

was not econometric in nature, but instead constituted a direct comparison of MCP to 

payouts. The authors conclude the FTR m arket generally predicts the average direction 

of congestion, that is, positive (negative) MCPs were found to be highly positively 

correlated w ith positive (negative) payouts. However, they also found that the 

m agnitude of payouts generally exceeded the m agnitude of MCPs, w ith the result that 

FTRs were systematically profitable for traders. These results suggest some degree of 

informational efficiency in the FTR market, namely, the prediction of the direction of 

future congestion. In draw ing conclusions, it is im portant to reiterate that the data set 

analysed covered a small num ber of auctions held over a small period of time at the 

beginning of New York's FTR market.

Hadsell and Shawky (2009) analyse New York FTR data over the 24-month period May 

2006 to April 2008. In particular, they seek to determine w hether the MCP provides an 

unbiased estimate of future congestion by estimating the following equation w ith the 

standard OLS technique:

P a y O U t d y  i — Pd'-yfi + Pd,y, 1  * M C P d y i + £d,y,i (V-22)

97 In N ew  York, FTRs are known as transmission congestion contracts (TCC). This term inology is due to 
Hogan (1992).
98 As implied in section II, FTRs of this duration are not available in Ontario.
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where d = 1, 2, 3 represents the three FTR durations available in New York, y  = 2006,

2007 represents the periods May 2006 to April 2007 and May 2007 to April 2008, 

respectively, and i indexes the auctions w ithin each duration-group. The path-specific 

nature of the FTRs is ignored and, unlike in Siddiqui, et al. (2005), no distinction is 

draw n between FTRs characterised by positive or negative MCPs. Each of the six sets of 

results—the six combinations of d and y —are then separately tested to determine 

statistically whether (i) the intercept estimate equalled zero or not and (ii) the slope 

estimate equalled one or not." The results indicated that for one-m onth FTRs the 

marginal effect diverges significantly from one, sometimes to the up-side and 

sometimes to the down-side. W ith respect to the six-month and one-year FTRs, the 

results indicated that there was a consistently positive and significant portion of the 

payout was not explained by the variation of MCPs. Taken together, the results suggest 

a lack of informational efficiency in the New York FTR m arket, though w ith respect to 

the six-month FTRs, not as large as was found by Siddiqui, et al. (2005) using data from 

six years earlier . 100

Adamson, Noe, and Parker (2010) undertakes a more complex econometric analysis of 

New York's FTR market over the 70-month period September 2000 to June 2006. They 

separate the data into four groups: by the sign of the MCP (variable s) and by whether 

the relevant transmission path  is entirely within the New York City area or not (variable 

g) . 101 As a result of this grouping, they estimate four variations of both of the following 

models w ith OLS, implementing the Huber-W hite standard error correction:

99 Results of testing for the intercept and slope coefficient estimates jointly being 0 and 1, respectively, are 
not reported.
io° Given the differences of the approaches taken in their respective analyses, inferences such as this are of 
limited import.
101 The principal rationale for differentiating FTR data based on geographic characteristics is that since the 
transmission system in the vicinity of N ew  York City is often heavily congested, that portion of the 
market may behave in fundamentally different w ays as compared to elsewhere in the state.
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PayoutSg i — Ps,g ,0 +  Ps,g, 1 * MCPs,g,t +  £s,g,t (V-23)

and

Payout,

where t indicates the m onth since the New York FTR m arket opened. They characterise 

equations (V-23) and (V-24) as base and dynamic models, respectively. The difference 

between the two models is that over time the term  ( 1  + t) increases such that the second 

and fourth terms of equation (V-24) tend to zero. The authors argue that the addition of 

these effects in equation (V-24) capture some element of the learning that occurs as time 

progresses, recalling that the FTR m arket in New York—as in O ntario—was created 

simultaneously with the underlying electricity market, m eaning that there was very 

little practical experience w ith FTRs at the time the data set begins. The approach 

thereafter is to estimate the base and dynamic models in order to answer two questions. 

First, are the FTR markets informationally efficient? Second, is there evidence of 

learning over time? To that end, each of the eight sets of results was tested in relation to 

the following hypothesis test—which was characterised above as a joint informational 

efficiency hypothesis

against the general alternative.

For each of the eight models, the results can be used directly to assess the informational 

efficiency issue. In comparing the base and dynamic m odels to assess the learning 

issue, the authors argue that if the F-statistic associated w ith the hypothesis test 

equation (V-25) is smaller for the dynamic model than for the base m odel this can be 

taken as evidence that there was learning in the FTR m arket over time.

H0: /? 0 = 0 and (3X = 1 (V-25)

160



The results suggest rejecting the null hypothesis of informational efficiency for all eight 

models. However, on the basis of the process described above, the results also suggest 

that learning is occurring over time in that, while MCPs m ay not provide unbiased 

estimates of future congestion, their perform ance has im proved since m arket opening.

Other empirical analysis of the New  York FTR m arket include Adam son and Englander 

(2005) and Hadsell and Shawky (2006).

As stated, in m arkets where transmission rights are purely financial, the allocation of 

scarce transmission capacity is co-optimised by the ISO with electricity dispatch. The 

alternative to this centralised approach is a decentralised approach in w hich the 

relevant physical transmission rights m ust be procured by traders themselves in order 

to enable their transactions to be scheduled. This is a fundam ental distinction between 

financial and physical transmission rights. Analogously, m arkets w ith decentralised 

transmission capacity allocation do not have public, periodic centralised transmission 

right auctions. These transmission rights m arkets tend to be characterised by many 

bilateral agreements that are not as readily observable as the outcomes of centralised 

FTR auctions. M arkets w ith physical transm ission rights have been studied. However, 

due to the key differences discussed, the results of these studies are not directly relevant 

to Ontario and the analysis undertaken in this chapter. For example, see De Vany and 

Walls (1999) for a discussion of physical transmission rights m arkets in the western 

United States.

4.2. Unbiasedness and non-FTR markets

Notwithstanding the limited examination of the forward m arkets unbiasedness 

hypothesis w ith regard to FTR markets, it has been extensively analysed in the context 

of other markets, including foreign exchange, commodity, and shipping markets, using 

models and techniques discussed in the previous section and section 3.
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With respect to foreign exchange markets, evidence in favour of the forw ard market 

unbiasedness hypothesis has been inconsistent. For instance, in  the context of the levels 

regressions, Hodgson, Linton, and Vorkink (2004) report robust evidence in favour of 

the hypothesis irrespective of the currency pair under consideration, the particular 

estimator applied, the forward horizon considered, or the observational frequency. This 

general conclusion is decidedly not the case in the context of stationary regression 

specifications . 102 In fact, Hodgson, et al. (2004) state "it is something of a stylized fact in 

the literature that slope estimates are generally found to be less than one, and, in m any 

cases, significantly negative" (p. 347).

The hypothesis has also been examined in relation to various markets for raw  materials, 

with inconclusive results here as well. C how dhury (1991) rejects the hypothesis in 

relation to copper, lead, tin, and zinc. Moore and Cullen (1995) do not reject the 

hypothesis in relation to aluminum, copper, lead, and zinc. W atkins and McAleer 

(2004) provide as extensive review of research regarding the hypothesis w ith respect to 

non-ferrous metals.

Kavussanos, Visvikis, and Menachof (2004) test the hypothesis in the context of dry- and 

wet-bulk shipping m arkets by consideration of forw ard freight agreement prices in 

relation to spot-market shipping prices. They find that one- and two-m onth forward 

prices constitute unbiased predictors of spot m arket shipping prices for all shipping 

routes under consideration, while three-m onth forward prices constitute unbiased 

predictors for a sub-set of these paths. In sum, they conclude that the validity of the 

hypothesis is market specific.

102 See section 3 of this chapter.
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5. Data for FTR analysis

This section describes the data used in the analysis of FTRs. Data regarding the relative 

importance of the two auction duration types—ST and LT, respectively—are presented 

in section 5.1. Particular measures of profits and returns are given in section 5.2. Data 

related to ST FTRs, which are observed at a m onthly frequency, are then discussed in 

section 5.3. A comparable discussion of data related to LT FTRs, which are observed at 

a quarterly frequency, is reported in chapter VI. Section 5.4 briefly describes the 

relevant data sources.

5.1. Aggregate FTR profitability and the relative importance of FTR durations

As discussed above, FTRs in Ontario are available in two rights durations: one m onth 

(ST) and twelve m onths (LT). Auction revenues and payouts for the paths under 

consideration, by rights duration, are reported in Tables V-l and V-2, respectively. 

Values are reported in millions do dollars unless otherwise noted.

It is important to note that while ST FTRs have been available since June 2002, the ST 

FTR dataset employed in this analysis begins in Novem ber 2003. The reason for this is 

related to the structure of ST FTR auctions, as described in both the next section as well 

as section 2. With respect to LT FTR data, the period from m arket opening onward, 

with the exception of the last three quarters of 2 0 1 0  due to non-completion, was used in

Table V-l: Aggregate FTR auction revenue for imports and exports, by duration
(millions of dollars unless noted)

Duration
Import
Paths

Export
Paths

Total
Percent 
of Total

Short-term 17.4 35.1 52.5 23.7
Long-term 82.1 86.9 169.0 76.3

Total 99.5 1 2 2 . 0 221.5 1 0 0 . 0
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Table V-2: Aggregate FTR payouts for imports and exports, by duration 
(millions of dollars unless noted)

D uration Im port
Paths

Export
Paths

Total
Percent 
of Total

Short-term 2 0 . 6 47.2 67.8 15.8
Long-term 136.6 225.8 362.4 84.2

Total 157.2 273.0 430.2 1 0 0 . 0

the LT component of analysis presented in Tables V-l and V-2. Taken together, the 

percentages associated with ST FTRs in Tables V-l and V-2 m ay understate the relative 

importance of ST FTRs in Ontario's electricity market. The net effect, however, is 

expected to be small.

With this in mind, consideration of aggregate auction revenues and payouts remains 

meaningful. As reported in Tables V-l and V-2, aggregate auction revenues and 

payouts for the FTRs under consideration were $221.5 million and $430.2 million, 

respectively, which yielded a net profit of $208.7 million to FTR buyers collectively.

This is equivalent to a 94.2% rate of return to participating in the FTR m arket. The risk

free interest rate averaged 2.2% over this period (Table V-D6 , located in A ppendix V-D).

For im port-path FTRs alone, aggregate auction revenues and payouts were $99.5 million 

and $157.2 million, respectively, yielding a net profit of $57.7 million, which is 

equivalent to a 58.0% rate of return to participating in the FTR market. For export-path 

FTRs alone, aggregate auction revenues and payouts were $122.0 million and $273.0 

million, respectively, yielding a net profit of $151.0 million, which is equivalent to a 

123.8% rate of return to participating in the FTR market.

With respect to LT FTRs alone, aggregate auction revenues and payouts were $169.0 

million and $362.4 million, respectively, yielding a net profit of $193.4 million, which is
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equivalent to a 114.4% rate of return. With respect to ST FTRs alone, aggregate auction 

revenues and payouts were $52.5 million and $67.8 million, respectively, yielding a net 

profit of $15.3 million, which is equivalent to a 29.1% rate of return.

Even allowing for differing FTR validity durations, these results are not consistent w ith 

a finding of forward m arket unbiasedness as they m ean that MCPs systematically 

under-forecast eventual payouts. N or are they consistent w ith a finding of 

informational efficiency as they suggest that there exist systematic opportunities to earn 

profits.

LT FTRs account for approxim ately three-quarters of auction revenue and five-sixths of 

payouts, with ST FTRs accounting for the remainder. Auctions associated w ith export 

paths have generated approximately one-quarter more revenue and three-quarters more 

payouts than those associated w ith im port paths. This is consistent w ith the typical 

observation that O ntario's physical electricity grid is generally more export congested 

than im port congested.

Notwithstanding the commonalities between ST and LT FTRs, there exist fundam ental 

differences in the characteristics of the data associated with each. Both durations will be 

discussed in turn: ST FTRs in this chapter; LT FTRs in the next.

5.2. Definitions

The profit associated w ith holding an FTR is defined to be equal to the payout it 

generates for its holder less the m arket clearing price the holder paid for it. No other 

costs, such as carrying costs, are considered.

The rate of return, Rp t, to holding an FTR on path p in m onth t  is, by definition, equal to 

the ratio of the payout less the m arket clearing price (profit) and the m arket clearing 

price. That is:
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P ' C MCPpt  V  ’

Rates of return in this analysis are not expressed as percentages. For instance, a rate of 

return of 0.3 is equivalent to +30%. This is to conserve space—especially in figures— 

since there is a very wide range of realised values. By extension, regardless of the 

(always positive) m arket clearing price, an FTR that receives a payout of zero has a rate 

of return of -1. Such cases constitute the censored observations discussed in section 3.

An alternative measure of profitability is cumulative return, CRp (Market Surveillance 

Panel, August 2010). Analogous to the rate o f return, it is defined to be equal to the ratio 

of the sum of all payouts less auction revenues and auction revenues for each path.

That is:

CR =  Z t [ ( P a y ° u t p , t - M c p p . t )  * Qp. t ]
p  "  T. t [MCPp x  * Qp.t]

_ y  r(Payoutp t  -  MCPPit)  ̂ MCPpt  * Qpx 
L-i [ MCPp t Ht[MCPp t * Qp.t]

= T.t[wP,t * R p , t ]  (V-27)

where w„ t = MCPvt * fo-f are auction revenue-based weights which, across all auctions 
p ' c I t [MCPp.t  * Qp.t] &

on a path, sum to unity and Qp t is the num ber of FTRs sold at auction. For each path, 

cumulative return can be interpreted as the proportion by which aggregate payout to 

FTR holders exceeds total auction market revenue.

As shown in equation (V-27), CRp can be w ritten as the weighted average of Rp t . 

Therefore, the (equally weighted) average of observed Rp t on a path is equivalent to the 

special case of equation (V-27) where all the weights, w p X , are equal to where T is 

the relevant num ber of time periods. Another special case is if all observed rates of
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return are equal to R. In this case, CRp = R (since the weights sum  to unity).

As described in further detail in section 2.1 of chapter VI, LT FTRs are auctioned in two 

rounds, w ith one-quarter and three-quarters of the rights auctioned in the first and 

second rounds, respectively. The MCP used to determ ine rates of return with regard to 

LT FTRs is the weighted average of the two recorded MCPs:

MCPl t  A u c t io n s  ~ 0-25 * MCPl t  Rou n d 2  + 0-?5 * MCPLTRound2 (V-28)

The rate of return and cumulative return  concepts will be applied to both ST and LT 

FTR m arkets below.

5.3. Data for ST FTR analysis

This section describes the data used in the analysis of ST FTRs.

5.3.1. Limitations of ST FTR analysis due to auction process and m issing data

The discussion begins by narrow ing the focus of further analysis to the (a) period of 

time and (b) set of paths for which the am ount of (ST) data is meaningful.

Analysis of ST FTR m arket performance focuses on the period November 2003 to 

December 2010, inclusive. This 8 6  m onth period corresponds to the period where 

single-round ST FTRs w ere auctioned the m onth immediately before they were valid.

There are distinct 17 transmission paths connecting Ontario w ith neighbouring 

jurisdictions. In particular, w ith respect to Ontario there are paths to and from New 

York, Michigan, Minnesota, and Manitoba, as well as 9 paths between Ontario and 

Quebec. A complete list of these paths, w ith their sources, sinks, and corresponding 

names, is provided in Appendix V-C.
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Table V-3: ST FTR: Path-by-path summary of missing observations

Path
# of Present 

Observations 
(maximum = 86)

# of M issing  
Observations

Proportion
M issing

MBSI to ONZN 84 2 0.023
t  MISI to ONZN 74 12 0.140
MNSI to ONZN 21 65 0.756
t  NYSI to ONZN 75 11 0.128
PQAT to ONZN 15 71 0.826
PQBE to ONZN 77 9 0.105
PQDA to ONZN 80 6 0.070
PQDZ to ONZN 42 44 0.511
PQPC to ONZN 61 25 0.291
PQXY to ONZN 6 80 0.930
ONZN to MBSI 49 37 0.430
+ ONZN to MISI 74 12 0.140
ONZN to MNSI 33 53 0.616
+ ONZN to NYSI 73 13 0.150
ONZN to PQAT 15 71 0.826
ONZN to PQDA 45 41 0.477
ONZN to PQHZ 43 43 0.500

Section 2 described the FTR auction process. For each path there are m onths for which 

no ST FTRs are available to be auctioned. In such an event, no MCP is observed for the 

particular path and the observation is said to be missing. O ther data for the path  are 

still observed, including congestion, which, being a physical characteristic of the 

transmission system, exists independently of FTRs themselves. A path-by-path 

summary of the extent of missing data is provided in Table V-3.

Of the complete set of paths listed in Table V-3, attention will be focused on the subset 

comprised of paths to and from MISI and NYSI. These paths are the only ones for 

which FTRs are available in both directions of the relevant transmission line, w ith no
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more than 15% of observations missing . 103 These paths are identified in Table V-3 w ith a 

dagger (t) at the left-side of the path name column.

Months for which there were no auctions—and therefore no M CPs—are excluded from 

the analysis. Missing observations complicate the estimation of models containing 

lagged variables such as the one-period lag of the difference between payout and MCP. 

The reason is that in the m onth following a missing observation the one-period lag is 

itself missing. The result is that the num ber of observations available for estimation 

declines, potentially by a large amount. The num ber of observations used to estimate 

each m odel is reported w ith the results themselves as described below.

5.3.2. Rates of profitability of ST FTRs

A histogram  of the rates of return  to ST FTRs is provided in Figure V-l, w here im port 

paths are distinguished from  export paths. The left-most vertical bar represents those 

FTRs which received a zero payout for their holders. Table V-4 reports statistics 

regarding rates of return.

The distributions of im port and export rates of return are both highly right-skewed, 

w ith the majority observations being negative, i.e., the auction market clearing price is 

less than the corresponding payou t—approximately 79% and 69%, respectively. These 

proportions are greater than that observed in LT FTR data, as reported in the next 

section.

For each path under consideration, and therefore for im ports collectively and exports 

collectively, the m ean rates of return are positive while the m edian is negative. This is 

in keeping w ith the distributions as described and illustrated. There are a small num ber

i°3 por instance, the PQBE to O NZN path is excluded because there is no ONZN to PQBE path even  
though only approximately 10% of observations are missing.
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Figure V-l: Distribution of rates of return to ST FTRs, by imports/exports
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of very high observed rates of return  which distort the m ean bu t not the median. For 

instance, the highest observed rate of return  was associated w ith the FTR valid for the 

Ontario to Michigan path  in March, 2004. The rate of return was 5832, that is, 583,200%. 

This outcome was due to the auction m arket clearing price and payout being $0.01 and 

$58.33, respectively. Thus, high rates of return do not necessarily correspond to large 

absolute dollar payouts. O ther extremely high rates of return include 508 in January, 

2008 on the Ontario to Michigan path, and 98 and 61 observed on the New  York to 

Ontario path in January, 2008 and May, 2010, respectively. It is because of observations 

such as these that the m ean rate of return  of FTRs on the Ontario to Michigan path is 

87.58—even though the m edian is -0.80 and 72% were negative.

Statistics regarding cumulative return are provided in Table V-5. In comparison to the

170



Table V-4: Average and median rates of return to ST FTRs

Michigan New York All Paths
Mean Median % < 0 Mean Median % < 0 M ean Median % < 0

Imports 0 . 6 8 -0.85 0.716 2.74 -1 . 0 0 0.867 1.71 -1 . 0 0 0.792
Exports 87.58 -0.80 0.716 0.90 -0.50 0.658 44.53 -0.62 0.687

Table V-5: Cumulative return to ST  FTRs

Michigan New York All Paths
Imports 0.056 0.299 0.105
Exports 0.399 0.295 0.329

mean rate of return, cumulative return is significantly less sensitive to extreme 

observations. This is because, as described by equation (V-27), cumulative return  is 

constructed as the revenue-weighted average of the underlying rates of re tu rn .104 As a 

result, FTRs such as the one for the Ontario to Michigan path  for March, 2004 would 

receive relatively small weight due to the extremely small m arket clearing price. In fact, 

while the m ean rate of return on the Ontario to Michigan path  is 87.58, the associated 

cumulative return is 0.40. While this path is the most extreme of the four under 

consideration, it highlights the short-comings of draw ing inference on the basis of m ean 

rates of return.

5.3.3. Basic relationship between MCP and payout

Summary statistics regarding the MCP and payout for the four paths under 

consideration—collectively and individually — are reported in Tables V-Dl, V-D2, and

104 Consider a simple, two-period numerical example. Suppose that 1 FTR was available and sold in each 
of the two auctions and that the associated market clearing prices w ere $1 and $10, respectively. Finally, 
suppose the payout to each FTR was $10. The mean rate of return w ould  be 4.5 [ = (9 + 0) /  2], while the 
cumulative return would be 0.82 [ = ((10 + 10) -  (1 + 10)) /  (1 + 10) = 9 /11],

171



V-D3 in Appendix V-D. Table V-D4 reports sum m ary statistics for realised FTR profits. 

Table V-D5 reports the correlation coefficient between the MCP and payou t— 

collectively and individually—for four paths. A test for statistical significance is 

reported. Table V-D6  reports sum m ary statistics for various additional variables.

Figure V-Dl provides various scatter plots of the MCP and payout for the paths under 

consideration, w ith MCP equals payout lines superimposed. Figure V-D2 illustrates the 

same data as four time series plots. These figures are reported in Appendix V-D as well.

In particular, the m ean payout exceeds the m ean MCP for each path and, by extension, 

for all paths collectively. Collectively and on a path-by-path basis, payout and MCP are 

right-skewed, w ith payout being more right-skewed relative to MCP on each path 

except the one from Ontario to Michigan.

Payout and MCP range from $0 to $11,211.82 and $0.01 to $5,780.88, respectively, while 

profit ranges from negative $3,102.22—observed on the Ontario to Michigan p a th —to 

(positive) $9,902.38—observed on the Ontario to New York path. As w ith payout and 

MCP, profit is also right-skewed. The highest priced FTR that generated a payout of 

zero had a MCP of $1,022.00 and was valid for July, 2006 on the Michigan to Ontario 

path.

The (contemporaneous) correlation coefficient betw een the MCP and payout is 

approximately 0.45 across all paths and, w ith a p-value of 0.000, is statistically 

significant. At the path level, w ith the exception of the New York to Ontario path, the 

correlation coefficients are statistically significant at any level of significance greater 

than 0.21%. These results, along w ith inspection of the appropriate data plots in Figures 

V-Dl and V-D2, suggest the presence of a meaningful relationship betw een the MCP 

and payout on all paths jointly and, w ith the exception of the New York to Ontario path, 

the individual path  level as well.
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The definitions of the HDD and CDD variables reported in Table V-D6  are given in 

section 6 .

Overall, this preliminary analysis suggests additional research regarding ST FTR m arket 

performance would be worthwhile.

5.3.4. Stationarity

It is apparent from Figure V-D2 that time series stationarity m ay be a significant concern 

in any analysis of ST FTRs. Presum ing a stable relationship exists betw een payout and 

MCP, analysis of stationary will focus on the properties of the payout time series 

because there are no missing observations to complicate the analysis. A sum m ary of 

missing observations, by path, is given in Table V-3 above.

Table V- 6  reports results of the application of two unit root tests, one that allows for 

structural breaks and another that does not, to establish the stationarity properties of ST 

FTRs. A standard unit root test—here, a m odified Dickey-Fuller unit root test 

(DFGLS)—is applied to each series w ith results reported in the third colum n . 105 The 

results, for all paths, suggest that ST FTR data are characterised by unit roots. If

Table V-6: ST FTR: Stationarity

Path N
DFGLS Zivot-A ndrew s

Result
Tau-stat. Min. t-stat. Break point

MISI to ONZN 8 6 -2.169 -8.608*** 27 Stat. w  break
NYSI to ONZN 8 6 -2.293 -10.246*** 24 Stat. w  break
ONZN to MISI 8 6 -2.079 -5.784*** 53 Stat. w  break
ONZN to NYSI 8 6 -2.792* -6.610*** 54 Stat. w break

Note: * p<0.1, ** p<0.05, *** p<0.01

105 The test is modified in the sense that the time series is transformed by a generalized least-squares 
regression. The maximum number of lags, k, is determined by the Schwert criterion in which k =
{12 * ((T + 1 )/1 0 0 )A[0.25)} = 11 for this time series. The optimal lag length is determined by the Ng- 
Perron sequential t-test.
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structural breaks are perm itted in unit root testing, such as w ith the procedure of Zivot 

and Andrews (1992), the results are reversed. The m inim um  t-statistics are reported in 

the fourth column, with the corresponding break-point recorded in the fifth column.

Thus, all four paths under consideration are characterised by stationary payout series if 

structural breaks are admitted.

5.3.5. Incidence of ST FTR censoring

As described in section 5, models that account for the impact of censoring are estim ated 

and reported below. To that end, Table V-7 reports data on the incidence of censoring 

over the 8 6 -m onth study period for the four paths under consideration. M onths 

without ST FTR auctions are not considered as censored. W ith respect to Figure V-Dl 

and Figure V-D2, censored observations correspond to points plotted on the various 

horizontal axes . 106

Approximately 40% of all payout observations (related to the four paths under 

consideration only) are censored. At the path level, the payout on the New  York to 

Ontario path is m ost significantly censored, w ith approxim ately three-in-four payouts

Table V-7: ST FTR: Incidence of censoring for paths under consideration

Path
Number of 
Auctions

Number of 
Payouts Censored

Proportion of 
Payouts Censored

All paths considered 296 119 0.402
MISI to ONZN 74 27 0.365
NYSI to ONZN 75 56 0.747
ONZN to MISI 74 29 0.392
ONZN to NYSI 73 7 0.096

106 MCPs are strictly positive. For Figure V -l, the points plotted on the various horizontal axes —the 
censored observations—are exclusively from the payout time series.
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being so. On the other hand, less than one-in-ten realisations of payout are censored on 

the counter-path from Ontario to New York.

5.4. Data sources

Data on MCPs and payouts are from the IESO. N atural gas prices are from the United 

States Energy Information A dm inistration and are converted to Canadian currency. 

Interest and exchange rate data are from the Bank of Canada. The weather data used to 

construct HDD and CDD are from the United States National Climatic Data Center. 

Data regarding near-term  w eather expectations are not available. These m ay otherwise 

have been potentially useful in explaining the variation of payout.

6. Econometric models, hypotheses, and methodology

The analysis of the performance of O ntario 's FTR m arket reported in this chapter is 

based upon both panel and path-specific form ulations of the relationship between 

MCPs and payouts. The m ain performance issues at interest are (i) w hether the FTR 

auction m arket is informationally efficient, that is, w hether the MCP constitutes an 

unbiased forecast of transmission congestion, and (ii) w hether there is evidence of 

auction m arket participants learning over time, that is, w hether MCP as an unbiased 

estimate of transmission congestion im proves over time. To assess these issues, the 

approach taken in Adam son et al. (2010) is expanded upon.

6.1. Model specification

As described in section 3, the forward m arket unbiasedness hypothesis can be assessed 

with (a) a panel data fram ework and (b) a path-by-path framework, w ith seemingly 

unrelated regressions corrections to path-by-path estimates of standard errors.

In the panel data framework, the applicable m odel takes the form:
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Payoutp t = a  + v p + (3 * MCPpX + X px * y  + epX (V-29)

where p indexes the four paths (groups), vp is the group-specific effect, /? is the (scalar) 

parameter associated w ith MCP, y  is a vector of param eters associated w ith additional 

regressors, including appropriate dum m y variables to account for structural breaks. 

Four configurations of additional regressors—I through IV in Table V-8 —are considered 

in the panel data framework.

In the path-by-path framework, where each path is (initially) considered on its own and 

the group-specific effects are captured by the group-specific intercepts, the applicable 

model takes the form:

PayoutpX = a p + (3p * MCPpX + X pX * y p + epX (V-30)

for each of the four paths under consideration, for which there will be a unique set of 

param eter estimates. Eight configurations of additional regressors—I through VIII in 

Table V- 8  —are considered in the path-by-path framework.

Table V-8: Composition of X p t * y

Configuration A dditional Regressors
I Basic: appropriately defined dum m y variables for structural breaks
II Basic with convergence terms
III Basic w ith contemporaneous regressors
IV Basic w ith contemporaneous regressors and convergence term s
V Basic with one-period lag of profits
VI Basic with one-period lag of profits and convergence term s
VII Basic with contemporaneous regressors and one-period lag of profits
VIII Basic with contemporaneous regressors, lag of profits, and convergence 

terms
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In order to be clear about the precise m eanings of the additional regressors listed in 

Table V-8 , equation (V-29) w ith configuration VIII is w ritten below in fully-expanded 

form. Configurations I through VII are nested within configuration VIII.

1  1
PayoutpX = /?p,0 + Pp,oi * -  + PPil * MCPPit + /? P )1 1 * MCPPtt * -

+ (3p 2 * hdd_posdev_sourcep t + /? p>3 * hdd_negdev_sourcept 

+ pp 4  * cdd_posdev_sourcep t + /? p 5  * cdd_negdev_sourcept  

+ pp 6 * hdd_posdev_sinkp t + /?p 7 * hdd_negdev_sinkp t 

+ Pp 8 * cddjposdev_sinkp t + (3p 9 * cdd_negdev_sinkp t 

+ pp l0 * nat_gas_pricet + /?p,n  * nat_gas_capacity_sharet 

+ Pp l2 * nat_gas_pricet * nat_gas_capacity_sharet 

+ pp l3 * risk__free_interest_ratet

+ 0p.i4 * {Payoutp t - i  -  MCPp t -x]

+ Sp=i Yp * Dummy_Pt + vp + epX (V-31)

where p and t indicate the path  and m onth of each observation . 107

The convergence terms in the even num bered specifications are similar to those in 

Adamson, et al. (2010), and are the second and fourth term s of equation (V-31). The 

contemporaneous regressors in specifications III, IV, VII, and VIII, are the HDD, CDD, 

natural gas price, natural gas capacity share, and risk-free interest rates of equation (V- 

31), while the lag of profit te rm —associated w ith the coefficient /?p l 4  of equation (V- 

31) —is included in specifications V through VIII. Finally, Dummy_Pt are the dum m y

107 November 2003, the first month of the study, is indexed as t = 0. If the first month in the data set was 
indexed as t = 0, then the formulation of the denominator in the second and forth terms of equation (V-31) 
would be as in Adamson, at al. (2010), as reproduced in equations (V-23) and (V-24).
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variables defined on the basis the structural breaks reported in Table V-6 . 108

The rationale for the inclusion of each regressor, as well as a discussion of its anticipated 

marginal effect, follows in the next section. A fterw ard, the particular techniques 

implemented are inventoried.

6.2. Regressors and anticipated marginal effects

The variables MCP and payout were discussed in detail in sections 2 and 5 above.

6.2.1. Controlling for demand variation

Configurations III, IV, VII, and VIII, include eight variables that control for dem and 

variation through time and across the source and sink jurisdictions. These variables are 

constructed as follows.

For a given location, the num ber of heating degree days (HDD) can be defined as

hdd_locationt = £ de t m ax{0,18 -  temp_locationd} (V-32)

where temp_locationd is the average tem perature at the given location on day d,

18 -  temp_locationd is the num ber of degrees by which the average tem perature was 

below 18, max{-} is positive to the extent that average tem perature is less than 18 

degrees, and d G t  indicates that the days included in the sum  are the days in m onth f. 109 

Thus, hdd_locationt is a measure of the extent to which w eather was cold in each 

month. An analogous m easure—cooling degree day s—can be specified to capture the 

extent to which w eather was hot in each m onth. It is

108 Each of the four group-specific dum my variables is defined to be 1 in the months after the break 
reported in Table V-6 for the particular group and 0 otherwise. By definition this means the dum m y  
variable for path p is 0 for all observations associated with other paths.
109 All temperatures are recorded in degrees Celsius.
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cdd,Jocationt = '£d e t mcix{0,tem p J ocationd -  18} (V-33)

These measures have been developed because dem and for electricity arising due to 

w eather is not a monotonic function of the tem perature itself. For instance, ceteris 

paribus, an increase of average tem perature on a relatively hot day will increase dem and 

for electricity, largely due to increased space-cooling load, whereas as increase in 

average tem perature on a relatively cold day will decrease dem and for electricity, 

largely due to diminished space-heating load. The 18 degree threshold is an 

approximation of the tem perature at which tem perature-based demand is minimised. 

Due to the physical characteristics of demand, the marginal effects of tem perature 

changes on the dem and for electricity are not symmetric around 18 degrees. This is the 

reason separate HDD and CDD indicies are specified.

From equation (V-32) the average of hdd_locationt can be determ ined for each month, 

yielding twelve unique values. It is convenient to think of this variable as capturing the 

long-term month-specific average of hdd_locationt . Call the resulting variable 

h ddJoca tio n ja vera g e t . The realisation of how hdd_locationt deviates from 

hdd_locationjaveraget can then be determined. Thus,

hddjdev_locationt = hdd_locationt -  hdd_location_averaget (V-34)

Analogous to the asymmetry of temperature-based dem and around 18 degrees, the 

impact of deviations from long-term average weather characteristics on congestion, and 

therefore payouts, is not likely to be symmetric. Consider an import path FTR. If 

dem and within Ontario is relatively high, ceteris paribus, either import congestion is 

more likely or the degree of im port congestion is increased. The average impact of such 

a situation is to increase the payout. On the other hand, if dem and within Ontario is 

relatively low, ceteris paribus, either the degree of im port congestion will be lessened — to 

a m inimum of no congestion—or a state of no im port congestion will continue. The
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average impact of either outcome is to decrease the payout. However, since these two 

average impacts are likely to differ, potentially to a significant extent, distinct variables 

to capture positive and negative deviations are specified as follows. They are

hdd_posdev_locationt = m ax{  0, hdd_dev_locationt} (V-35)

and

hdd_negdev_locationt = min{0,hdd_dev_locationt } (V-36)

Hence, hddjposdev_locationt will be positive if a m onth is colder than average in a 

m anner resulting in greater dem and for electricity, and zero otherwise. The variable 

hddjiegdev_ loca tion t will be negative if a m onth is w arm er that average in a m anner 

resulting in less dem and for electricity, and zero otherwise. Analogous variables can be 

constructed with respect to CDD.

From the argum ent above, for an im port path  FTR hddjposdev_locationt and 

cdd_posdev_locationt are anticipated to be positively correlated with payout as greater 

values of these variables suggest, ceteris paribus, greater Ontario demand and therefore 

greater im port congestion. The variables hdd_negdev_locationt and 

cdd_negdev_locationt are anticipated to be positively correlated with payout as w ell— 

recall that these variables are non-positively valued—as lower values of these variables 

suggest less Ontario dem and and therefore less average im port congestion. The use of 

multiple deviation variables allows for asymmetric m arginal effects.

An alternative m ethod for handling the asym metry associated with the positive and 

negative deviations discussed above w ould be to square the positive deviations. This 

approach m ay be more intuitively pleasing as it would make more explicit the idea that 

the lower limit on congestion, that is, no congestion, does not have an upper limit 

analog. This issue will be returned to w hen the empirical results are examined below.
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The argum ents above implicitly assume that bidders in the FTR market form weather 

expectations precisely equivalent to long-term averages, which may very well be 

different over longer time horizons. It is on the basis of these expectations that 

deviations from the average are argued to lead to unexpected congestion. If, however, 

alternative expectations of weather were formed by bidders, the interpretations of these 

deviations are less straight-forward as some of the deviation m ay be accounted for in 

the MCP. As noted in section 5, data regarding weather expectations is lacking. The 

analysis, therefore, relies on the assum ption that bidders' weather expectations are 

simply the observed long-term averages.

6.2.2. Natural gas generation and prices

Electricity generated from the combustion of natural gas is a critical com ponent of 

supply in both Ontario and neighbouring jurisdictions. H igher natural gas prices, ceteris 

paribus, indicate a contraction of supply in each jurisdiction. However, w ithout some 

heterogeneity in the characteristics of supply the effect of a price change w ould be 

equivalent across jurisdictions and there would be no impact on  power flows on the 

transmission system. In practice, the relative proportion of supply comprised of natural 

gas-fuelled generation varies across jurisdictions. This will result in changes to pow er 

flows—and potentially the pattern  of congestion—due to changing natural gas prices.

Higher natural gas prices are, on average, anticipated to instigate net pow er flows 

towards jurisdictions w ith relatively low proportions of supply derived from natural 

gas-fuelled generators. This is because higher natural gas prices increase costs and 

prices by a relatively small fraction in the jurisdiction w ith relatively low proportion of 

supply derived from natural gas-fuelled generators. This characteristic of supply has 

changed significantly over time for Ontario. In particular, since market opening in 2002 

there has been significant investment in natural gas-fuelled generators in Ontario,

181



which reduces the extent to which this characteristic differentiates Ontario from its 

neighbours. To account for this diminished affect, the natural gas price is weighted 

w ith a term that m easures the ratio of Ontario-based natural gas generating capacity 

w ith the sum of Ontario-based natural gas and coal generating capacity. This ratio is 

called nat_gas_capacity_share, and, as described above, has increased substantially 

since m arket opening.

Given the discussion above, higher natural gas prices are anticipated to be positively 

(negatively) impact payout on export (import) paths to (from) Michigan, Minnesota, 

and New York, while negatively (positively) impacting payout on im port (export) paths 

from (to) Quebec and Manitoba. Moreover, the interaction term  is anticipated to 

positively impact payout on export paths while negatively impacting payout on im port 

paths.

6.2.3. Other variables

Changes in the risk-free rate of return are controlled for. The direct impact of the risk

free interest rate on congestion itself is likely to be small and, in any event, non- 

systematic in nature. For a given expected payout, however, higher interest rates 

reduce the present value of the associated FTRs, some fraction of which may be 

captured by the interest rate term. To the extent that any such effect is statistically 

significant, the m arginal effect on payout of higher interest rates is anticipated to be 

positive.

Finally, the addition of the term  {Payoutp t- 1 -  MCPp t_i) differentiates the first four 

configurations from the last four configurations reported in Table V-8 . This term 

represents the one-period lagged difference between payout and MCP for path  p, which 

can be thought of as both (i) the forecast error for the previous m onth 's FTR auction and 

(ii) the profit earned by FTR holders in the previous period. It may be the case that
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learning takes the form of FTR m arket bidders adjusting their b ids based upon the 

error/profit realised in the previous period. In the event such an  effect is a statistically 

significant determ inant of the variation of payout, it is anticipated that a positive 

previous-period error/profit would result in a higher MCP in the current period. Thus, 

the associated coefficient is anticipated to be negative.

6.3. Hypothesis testing

Three sets of hypotheses related to informational efficiency and learning are considered 

where permissible by the regressors chosen. They are sum m arised in the next section, 

w ith each subsequently discussed in detail.

6.3.1. Summary of hypotheses considered

The hypotheses considered in this chapter are sum m arised in Table V-9. The 

param eters referred to are consistent w ith equation (V-31).

Table V-9: Summary of tested hypotheses

Hypothesis Description of Null/Alternative Hypotheses
A Intercept equals 0 / otherwise
B Slope coefficient associated with MCP equals 0 / otherwise
C Slope coefficient associated with MCP equals 1 /  otherwise
D Null hypotheses from A and C jointly / otherwise
E Constant intercept /  convergence com ponent
F Constant slope associated w ith MCP / convergence 

component
G Null hypotheses from E and F jointly / any convergence 

terms
J One-period lag of profit equals 0 / otherwise
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6.3.2. Informational efficiency/forward market unbiasedness hypothesis

Recalling that the key purpose of this chapter is to assess O ntario 's FTR m arket for 

informational efficiency, each estim ated m odel is subjected to the following hypothesis 

tests:

A. //0:/?p 0 = 0 Hx: otherw ise  (V-37)

B. //0:/?p l = 0 Ht : otherw ise  (V-38)

C. H0: pp i = 1 Hx: otherw ise  (V-39)

D. H0:pPi0 = 0 and ppX = 1 Hx: otherw ise  (V-40)

The four stated hypotheses test w hether (A) the intercept differs from zero, (B) the slope 

coefficient associated w ith the MCP differs from 0, (C) w hether the slope coefficient 

associated w ith the MCP differs from 1, and (D) w hether the intercept and slope 

coefficient associated w ith the MCP are jointly equal to 0 and 1, respectively.

Hypothesis D is equivalent to equation (V-20), the joint informational efficiency 

hypothesis discussed above. W hen dealing w ith system estimates, the hypotheses both 

at a path-by-path level and jointly across all paths are tested.

When deciding whether the m arket under consideration is informationally efficient, the 

standard null hypothesis to consider is hypothesis D. U nder hypothesis D payout and 

MCP vary proportionally, w ith none of the payout explained by the constant term. 

Under the null, MCP constitutes an unbiased forecast of payout and the m arket is 

informationally efficient.

Hypotheses A and C are the two components of hypothesis D. In particular, hypothesis 

A tests whether the intercept differs statistically from 0 while hypothesis C tests 

whether the slope coefficient associated w ith the MCP differs from 1. The benefit of 

these two tests is that if hypothesis D, the joint informational efficiency hypothesis is
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rejected, it may be possible to determine why. There is valuable information in 

knowing whether rejection, if that is the case, is due to the intercept or the slope. 

Rejection of any of these hypotheses is suggestive of some kind of informational 

inefficiency.

Hypothesis B, which tests whether the slope coefficient associated w ith the MCP differs 

from 0, is useful as a general test of meaningfulness, that is, if it cannot be rejected then 

it cannot even be claimed that the MCP is increasing in the payout. Conversely to the 

other hypotheses—A, C, and D —failure to reject hypothesis is B is suggestive of a lack 

of informational efficiency. Under such an outcome the MCP w ould possess no ability 

to forecast payout.

6.3.3. Learning hypothesis: convergence over time

Adamson et al. (2010) analysed models similar to equation (V-31) to determ ine whether 

the inclusion of terms that allow both the intercept and the coefficient on the M CP—the 

second and fourth terms of equation (V-31)—to contain components that are initially 

non-zero but converge to zero through time as information and experience accumulate 

are meaningful in the explanation of the variation of payout. The following joint 

hypotheses will be tested, where regressors permit:

The three stated hypotheses test w hether (E) the intercept contains a com ponent that is 

initially non-zero but systematically converges to zero, (F) the slope coefficient 

associated w ith the MCP contains a com ponent that is initially non-zero but 

systematically converges to zero, and (G) w hether such components are contained in

E. H0:(3p 0 1 -  0

F. H0:pp>11 = 0

G. H0:(?p,01 = 0 and  /?p n  = 0

Hx. otherw ise (V-41)

(V-42)

(V-43)

Hx: otherw ise  

Hx: otherw ise
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both the intercept and slope coefficient associated w ith the MCP. The null hypothesis in 

each case is that such components are not statistically significant.

6.3.4. Learning hypothesis: realised error adjustment

The distinguishing feature of configurations V through VIII of Table V- 8  is the inclusion 

of the term (P ayoutp t_x -  MCPp t_a). The interpretation of this term was discussed 

earlier in this section. If it is the case that m arket bidders' behaviour in the FTR auction 

market is systematically impacted by the one-period lag of the difference between 

payout and MCP, then this term  w ould be statistically significant. This would indicate 

the presence of a systematic error adjustm ent process. W here appropriate, the 

following hypothesis will be tested:

J. H0:/?Pii 4 = 0 Hi. o therw ise  (V-44) 110

6.4. Methodology

In each case, linear models, w ith certain corrections to standard errors, are implemented 

first. Then, recognising the importance of censoring w ith respect to ST FTR data, 

alternative models that explicitly account for this issue are im plemented, again with 

certain corrections to standard errors.

Using ST FTR panel data, the analysis begins by estimating equation (V-29) with 

regressor configurations I through IV from Table V-8 . Pooled OLS and pooled Tobit 

techniques are implemented first. It then proceeds to implement various fixed-effects 

estimators. The standard linear least squares dum m y variables model is reported first, 

followed by two fixed-effects approaches that account for censored data: (i) a Tobit 

dum m y variables model, which is the Tobit analog of LSDV, and (ii) H onore's (1992)

110 There are no hypotheses corresponding to letters H and I.
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trimmed least absolute deviations model. Two random-effects models are then 

implemented: the standard linear model first, followed by its Tobit equivalent.

Using ST FTR data on a group-by-group/path-by-path basis, equation (V-31) is 

estimated for each path under consideration w ith regressor configurations I through 

VIII from Table V-8 . The OLS estimator is applied first, reporting results w ith both 

unadjusted and Newey-West standard errors. The path-specific regression equations 

are then considered as a system of seemingly unrelated regression, to which the 

standard GLS-SUR estimator is applied.

To account for censoring, the Tobit estim ator is then applied on a path-by-path basis. 

Finally, to deal more carefully w ith the left-censoring issue, a two-stage alternative to 

the Tobit approach is implemented. The first stage im plem ents a probit m odel in order 

to estimate the probability, on an observation-by-observation basis, of censoring. The 

instruments used are listed and described w ith the estimation results below. A 

standardised inverse Mills ratio is added to equation (V-30), which can then be 

estimated by OLS. The two-stage approach to handling the censoring issue will also be 

estimated for the system of paths using a m ultivariate probit estim ator in the first stage 

and a seemingly unrelated regressions estim ator in the second stage.

7. Econometric results and discussion

Econometric results and discussion associated w ith the approaches and specifications 

described above are presented in this section. First, all approaches reported are 

inventoried and provide information regarding the location of comprehensive results in 

the various appendices. Discussion of the results follows.
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7.1. Summary of econometric approaches

Table V-10 summarises the estimation approaches implem ented with panel data 

regarding ST FTRs. Table V -ll provides a comparable sum m ary where m odels are

Table V-10: ST FTR: Summary of econometric approaches using panel data

Brief Description of Econometric Approach Appendix Tables
Pooled linear / pooled OLS V-E E 1 -E 2
Pooled censored / pooled Tobit V-E E 3 -E 4
Linear fixed-effects / LSDV V-E E 5 -E 6
Censored fixed-effects / Tobit DV V-E E 7 -E 8
Censored trimmed least absolute deviations fixed-effects V-E E 9 -E 1 0
Linear random-effects V-E E 11-E 12
Censored random-effects V-E E 13-E 14
Comparison of fixed- and random-effects V-E E 15-E 16

Table V -ll:  ST FTR: Summary of econometric approaches with group-level data

Brief Description of Econometric Approach Appendix Tables
Linear, OLS, Michigan to Ontario path V-F F 1 -F 2
Linear, OLS, New York to Ontario path V-F F 3 -F 4
Linear, OLS, Ontario to Michigan path V-F F 5 -F 6
Linear, OLS, Ontario to New York path V-F F 7 -F 8
Linear, SUR (all paths) V-F F 9 -F 1 5
Censored, Tobit, Michigan to Ontario path V-G G 1 -G 2
Censored, Tobit, New York to Ontario path V-G G 3 -G 4
Censored, Tobit, Ontario to Michigan path V-G G 5 -G 6
Censored, Tobit, Ontario to New York path V-G G 7 -G 8
Censored, Tobit, joint hypothesis test results (all paths) V-G G 9 -G 1 0
Heckman first-stage, probit, all paths V-H H 1 -H 2
Heckman second-stage, Michigan to Ontario path V-H H 3 -H 4
Heckman second-stage, New  York to Ontario path V-H H 5 -H 6
Heckman second-stage, Ontario to Michigan path V-H H 7 -H 8
Heckman second-stage, Ontario to New York path V-H H 9 -H 1 0
Heckman second-stage, SUR (all paths) V-H H 1 1 -H 1 7

188



considered on a path-specific basis. A brief description of each model is reported in the 

first column of each table, while the appendix and table(s) in which the associated 

results are recorded is reported in the second and third columns, respectively. The 

tables referenced include diagnostic test results, w hen reported in separate tables, as 

well as hypothesis test results and confidence intervals for the param eter associated 

with MCP.

7.2. Results and discussion of ST FTR with panel data

This section focuses on the estimation of the regression equation (V-29) w ith ST FTR 

panel data. Unless otherwise stated, statistical significance, in the discussion that 

follows, refers to a 95% level of confidence.

7.2.1. Pooled cross-section estimators

Pooled linear estim ator

Tables V-El and V-E2 report results associated w ith the estimation of four simple, linear 

regression configurations w ith OLS using pooled cross-section panel data.

In each of the four cases, the estimate of the coefficient associated w ith the MCP, (3, is 

approximately 0.6. As reported in relation to hypotheses B and C, the estimate is 

statistically different from both 0 and 1. All intercept estimates are positive, but 

significantly so only for configurations I and II. Huber-W hite robust standard errors are 

calculated. In each case, approximately 25% of the variation of payout is explained by 

the various sets of regressors and the models are all highly statistically significant.

However, given that, as reported in Table V-7, approxim ately 40% of ST FTR 

observations were left-censored, the OLS estim ator is biased and inconsistent. While 

the pooled OLS results m ay form a useful baseline for later comparison, they cannot be
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viewed as conclusively meaningful in and of themselves.

Pooled Tobit estimator

To account for censoring, the Tobit estimator can be applied to the pooled cross-section, 

the results of which are reported in Tables V-E3 and V-E4.

The point estimates of |3 range, for the four configurations, from  0.551 to 0.872. Using 

robust standard errors, it can be concluded that [3 is statistically greater than 0 , thereby 

rejecting null hypothesis B, for each configuration, whereas for the first three 

configurations it cannot be concluded that |3 is statistically different from 1, thereby 

failing to reject null hypothesis C, though it can be for configuration IV. Hypothesis A 

cannot be rejected in any case: estimates of the constant vary widely, bu t never 

statistically differ from 0. Hypothesis D, the joint informational efficiency hypothesis111, 

can be rejected only for configuration IV.

The four configurations are each statistically significant, as determ ined by the realised 

values of the F-statistic, which applies to the model w ith robust standard errors . 112 The 

McKelvey-Zavoina R-square measure ranges from 0.324 for configuration I to 0.381 for 

configuration IV . 113 As well, an F-test regarding the joint significance of the structural 

break dummies is significant for each configuration.

The smallest value of each information criterion is associated w ith configuration IV, 

suggesting it may dominate the other three in performance terms. (Recall that

111 The joint informational efficiency hypothesis, as stated above, is equivalent to equation (V-20).
112 The chi-square-statistic applies to the m odel with unadjusted standard errors.
113 The McKelvey-Zavoina R-square measure was introduced by McKelvey and Zavoina (1975). Veall and 
Zimmerman (1994, p.487) describe it as a ratio for which the numerator is a measure of explained  
variation and the denominator is a measure of total variation. Veall and Zimmerman (1994) conducts a 
Monte Carlo simulation study that compares various pseudo R-square measures and concludes that the 
McKelvey-Zavoina R-square is the best available. It can be interpreted as a proxy of the proportion of the 
variability of the latent variable explained by the regressors.
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hypotheses B, C, and D can be rejected w ith this configuration.) In this case, (3 = 0.551, 

and ranges, w ith 95% confidence, from 0.192 to 0.910. Here, none of the three 

convergence learning hypotheses can be rejected, implying that convergence, as 

explicitly modelled, does not meaningfully contribute to the explanation to the 

variation of payout.

While the results of this analysis provide evidence that the ST FTR m arket is not 

informationally efficient, the results are not unam biguous, especially given conflicting 

results regarding hypothesis D for configurations I, II, and III, in comparison to IV.

7.2.2. Fixed- and random-effects

Recognising the data themselves are generated from four separate, potentially very 

different, transmission paths, it may not be appropriate to pool all observed data into a 

single cross-section. To that end, a variety of fixed- and random-effects estimators are 

considered, beginning w ith fixed-effects.

Linear fixed-effects/LSDV estim ator

The simplest fixed-effects estim ator is LSDV and Tables V-E5 and V-E6  report results 

associated with its application.

The point estimates for the four configurations vary over a narrow range from 0.453 to 

0.510. Three sets of standard errors are reported: unadjusted, robust panel, and robust 

LSDV. Using robust panel standard errors it is concluded that (3 is both greater than 0 

and less than 1, thereby rejecting hypotheses B and C, for each configuration. All point 

estimates of the constant are positive, though statistically so only for the first two 

configurations. Given the presence of three group-specific dum m y variables, the 

interpretation of the constant is not as straight-forward as above. Taken together, the 

joint efficiency hypothesis, hypothesis D, can be rejected for each path. Two F-tests, one
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of the joint significance of the fixed-effects and one of the joint significance of the 

structural break dum m y variables, are both rejected for each configuration.

While these results suggest there is potential value to the fixed-effects approach, 

concern is warranted since, as with the pooled OLS estimator, the LSDV estim ator is 

biased and inconsistent such that its application is not m eaningful in  and  of itself.

Tobit fixed-effects/Tobit DV estim ator

Since the LSDV estimator is biased and inconsistent when applied to censored data, one 

potential alternative is to use an equivalent Tobit DV estim ator. Use of this estimator 

amounts to the application of the Tobit estim ator to a m odel that includes dum m y 

variables for all but one group/path in a m anner analogous to the LSDV estimator.

Tables V-E7 and V-E8  report results associated w ith the application of the Tobit DV 

estimator.

The point estimates of (3 for configurations I, II, III, and IV, are 0.593, 0.552, 0.483, and 

0.422, respectively. Using robust standard errors it can be concluded that all estimators 

are statistically greater than 0 and less than 1, thereby rejecting hypotheses B and C in 

each case.

The F-statistic associated with each configuration is highly significant, as is the F- 

statistic that tests the joint significance of the break dum m y variables. Moreover, the 

McKelvey-Zavoina R-square measure is approxim ately 0.4 in each case. While the two 

information criteria do not suggest a single configuration dom inates the others, the 

commonality of results across configurations reduces the m eaningfulness of this 

outcome.

For the two configurations, II an IV, that perm it convergence learning to be formally
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assessed, there is little evidence that convergence, as modelled, meaningfully 

contributes to explaining the variation of payout.

In comparison to the estimates of (3 generated by the pooled Tobit estimator, the 

estimates of (3 obtained here by the Tobit DV estimator are uniformly lower, in 

configurations I and III by a large margin. Given the key difference is the presence of 

fixed-effects dum m y variables here, this suggests there is value associated w ith the use 

of group-specific effects as m arket behaviour varies across the four transmission paths.

Taken together, application of the Tobit DV estimator provides little evidence of 

informational efficiency in the ST FTR market, especially w ith respect to the m agnitude 

of |3, though (3 was found to be statistically greater than 0.

Panel fixed-effects Tobit estim ator

An alternative to the Tobit DV estimator is the trimmed least absolute deviations 

censored fixed-effects estimator proposed by Honore (1992). The results associated 

w ith the implementation of this technique are reported in Tables V-E9 and V-E10.

The point estimates of (3 for the four configurations are 0.699, 0.586, 0.639, and 0.500, 

respectively. With unadjusted standard errors it can be concluded each statistically 

differs for 0, while all are statistically less than 1 other than for configuration I. While 

the estimation procedure does not produce standard errors for the constant, each of the 

four point estimates of the constant are positive.

Chi-square-statistics for all four configurations are highly significant, but aside from the 

direct MCP variables themselves, only the convergence term for MCP in configuration 

IV is statistically significant. As a result, configuration IV provides some limited 

evidence in support of the convergence learning hypothesis through the rejection of 

hypotheses F and G. Nevertheless, the results from the use of Flonore's fixed-effects
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estimator for censored data provide limited evidence of informational efficiency in the 

ST FTR market.

Linear random-effects estim ator

An alternative to modelling the group-specific effect as a fixed effect is to model it as a 

random  effect. Provided certain conditions are satisfied, nam ely that there is no 

correlation between the random  effects and the regressors, then  the random-effects has 

greater estimation efficiency as they have fewer param eters requiring estimation. The 

simplest random-effects estimator is the linear random-effects estim ator. Results 

associated with its application are reported in Tables V -E ll and V-E12.

The Breusch-Pagan Lagrange m ultiplier test for random  effects is reported in the Tables. 

The purpose of this test is to assess the variability of the random  effects in the model. 

Under the null hypothesis the variance of the group-specific effects in 0, that is, there 

are no random  effects. The alternative is general. The random  effects are far from being 

statistically significant in any of the four configurations. As a result, the estimation 

results are degenerate and are the exact same as under linear pooled OLS . 114 See the 

associated discussion above. As stated above in the discussion regarding that 

approach, the pooled OLS estim ator is biased and inconsistent given the degree of 

censoring present in the ST FTR data set.

Censored random-effects estim ator

Since the linear random-effects estim ator is biased and inconsistent, one alternative is to 

estimate its censored-data-adapted equivalent. Results of its im plem entation are

114 Technically, degeneration occurs when the estimated value of the variance of the random effects is 
negative, which is implausible, and therefore the estimate is set equal to zero. With no variation of the 
random-effects term, the random-effects m odel reduces to the pooled OLS form. A similar outcome 
occurs with respect to the censored-data-consistent random-effects estimator, except that in the event it 
degenerated due to lack of variation of the random-effects term it reduces to the pooled Tobit form.
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reported in Tables V-E13 and V-E14.

The censored-data-adapted random-effects estim ator is degenerate w hen applied to 

configurations II and IV, the variants that include the two convergence terms. The 

reported results for these configurations are the same as returned by the pooled Tobit 

estimator.

The estimates of (3 for configurations I and III are 0.636 and 0.522, respectively. Both of 

these estimates are statistically greater than 0  and less than 1 , thereby rejecting 

hypotheses B and C in each case. While both estimated constants are positive, neither 

differs statistically from 0, thereby failing to reject hypothesis A in each case. Still, the 

joint informational efficiency hypothesis, hypothesis D, can be rejected in each case.

Both models are highly statistically significant. 115 The AIC is lower and the log 

likelihood higher for configuration III.

Regardless of which configuration of regressors dominates, results of the censored-data- 

adapted random-effects estimator provide little evidence in favour of the information 

efficiency hypothesis in relation to the m arket for ST FTRs.

7.2.3. Comparison of fixed- and random-effects approaches

While the fixed- and random-effects approaches yielded similar results in terms of their 

param eter estimates, particularly of (3, and overall conclusions finding little evidence in 

support of the informational efficiency of ST FTR markets, it is not as yet clear which 

approach is generally better.

The key issue is whether the random  effects/unobserved heterogeneity are/is

115 Recall that dummy variables for structural breaks are included in the base model configuration and, 
therefore, all variants. Thus, the joint test for overall statistical significance does not reduce to a t-test in 
the case of configuration I.
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independent of the regressors or not. U nder a null hypothesis of no correlation 

between the random  effects and the regressors, both fixed-effects and random-effects 

estimators are consistent but the fixed-effects estimator is inefficient as there is a 

coefficient to be estimated for each group. Alternatively, if the random  effects are 

correlated w ith the regressors then, while the fixed-effects estim ator remains consistent, 

the random-effects estimator is not. Thus, under the null hypothesis random  effects is 

preferred, while under the alternative fixed effects are preferred. The specification test 

developed by H ausm an can be used to determ ine whether the random  effects are 

independent of the regressors or not.

The intuition of the Hausm an test is simple, and is useful if two different estimators 

cannot easily be analysed by formal application of the test procedure, as is the case with 

respect to the censored data variants of the fixed- and random-effects estimators. If 

fixed- and random-effects estim ators are both consistent, then the difference between 

their coefficient estimates should be small, that is, the estim ation results should be 

broadly similar. The further the difference is from zero the m ore likely the null 

hypothesis is to be incorrect as it is increasingly likely that the unobserved 

heterogeneity is wrongly attributed to the group-specific variables.

Linear fixed- and random-effects estim ators

Results of the application of the H ausm an test to the linear fixed- and random-effects 

estimation results are provided in Table V-E15. W ith the exception of configuration IV, 

the results suggest the random  effects are not independent of the regressors and, 

therefore, that the fixed-effects estim ator is preferred. The converse is true for 

configuration IV.

However, as repeatedly noted above, linear estimators are biased and consistent when 

applied to significantly censored data.
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Censored-data-adapted fixed- and random-effects estim ators

As noted above, formal application of the H ausm an test is not feasible in the context of 

censored panel regression models. However, the intuition underlying the H ausm an 

test, as described above, can be brought to bear in this situation.

Table V-E16 reports a comparison of (3 as estim ated by three censored-data-adapted 

estimators, two fixed-effects estimators (Tobit DV and Honore trim m ed least absolute 

deviations) and one random-effects estimator. For each of the four configurations 

under consideration the random-effects estimates of (3 were within the 95% confidence 

intervals associated with each of the fixed-effects (3 estimates. The com parison of 

estimated coefficients can be m ade w ith respect to other variables, w here broadly 

similar results are obtained.

These results, in relation to the intuition described above, suggest the sufficiency of 

random-effects estimators in this analysis. N otw ithstanding this conclusion, the results 

obtained by the consistent, yet inefficient, fixed-effects estim ators may still be useful 

when drawing conclusions regarding the informational efficiency of ST FTR m arkets.

7.2.4. Summary of results of panel data analysis of ST FTRs

Application of various panel data approaches to the analysis of informational efficiency 

with respect to the ST FTR m arket in Ontario yields rem arkably little evidence in their 

favour.

Informational efficiency and forward m arket unbiasedness imply, under the 

assumptions and discussion in sections 3 and 4, the slope param eter associated w ith 

MCP, (3, and the intercept param eter will be 1 and 0, respectively.

The general result of this analysis is that estim ates of (3 are repeatedly found to be
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between, though statistically different from, 0 and 1. This result is robust to four 

regressor configurations, w ith various standard error corrections, in both linear and 

censored-data-adapted frameworks. With respect to the constant, while it is largely 

estimated to be a positive value, it is rarely statistically significant. While this result is 

as expected under the informational efficiency and unbiasedness null hypothesis, the 

conclusiveness of the results are at least partially due to the generally large standard 

errors associated w ith the point estimates.

These results are consistent w ith the findings of the statistical analysis reported in 

section 5.

The implication of these results is that while higher MCPs predict higher payouts, that 

is, the direction of the predicted correlation is positive, payout tends to rise by a 

m agnitude greater than MCP. Thus, MCP is a biased predictor of payout. While this 

information is not fundam entally misleading, it does not correspond to the outcomes 

expected to be associated w ith an informationally efficient market.

7.3. Results and discussion of ST FTRs with individual transmission path data

This section focuses on the estimation of equation (V-30) on a path-by-path basis. 

Confidence intervals of estimates of (3 are reported at a 90% level of confidence . 116 This 

is because, as discussed below, estimated standard errors are relatively large in 

comparison to those associated w ith the estim ation of equation (V-29) using panel data. 

The four transmission paths subjected to path-by-path analysis are the same as were 

included in the panel: Michigan to Ontario, New York to Ontario, Ontario to Michigan, 

and Ontario to New York.

1,6 A 95% level of confidence was used previously. A lower threshold for confidence is used in this 
context as a result of limited sample sizes resulting in relatively large standard errors.
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First, estimation results associated with the linear form ulation of equation (V-30) are 

briefly discussed. Second, two censored-data-adapted form ulations are considered: 

one-stage Tobit and two-stage Heckman.

7.3.1. OLS estimator

As reported in Table V-7, approximately 40% of ST FTR observations are left-censored. 

W ithout correction, the OLS estimator is biased and inconsistent under these 

circumstances. N otw ithstanding this, results associated w ith its application are 

reported for use as a benchmark.

Econometric results associated with the application of the OLS estimator to equation (V- 

30) are reported in Appendix V-F. Tables V-Fl and V-F2 present param eter estimates 

for each regressor configuration w ith unadjusted and Newey-W est standard errors for 

the Michigan to Ontario transmission path, as well as diagnostic and hypothesis test 

results. Analogous results for the New York to Ontario path  are recorded in Tables V- 

F3 and V-F4, while for the Ontario to M ichigan path  they are recorded in Tables V-F5 

and V-F6 , and for the Ontario to New York path  they are recorded in tables Tables V-F7 

and V-F8 .

Table V-F9 presents SUR estimates of equation (V-30) w hen the four path-level 

equations are estim ated jointly . 117 Tables V-F10 through V-F13, report hypothesis test 

results for the Michigan to Ontario, New York to Ontario, Ontario to Michigan, and 

Ontario to New York paths, respectively, using the SUR results reported in Table V-F9.

1,7 SUR point estimates are usually equal to OLS point estimates, w ith standard errors being more 
efficiently estimated by SUR. This is not the case here. The reason is that for a particular month to be 
used with SUR there must be an observation for every path for that month. Thus, if data are m issing for a 
single month on any path the month is not used for any path. As a result, data used for the various paths 
for SUR is a subset of all data available. The data used for OLS could have been restricted so the point 
estimates w ould be identical, but this would amount to the unnecessary elimination of data. The 
standard errors associated with those results are not reported here.
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Table V-F14 reports hypothesis tests for all paths jointly. Path-by-path confidence 

intervals regarding (3, w ith unadjusted, Newey-West, and SUR standard errors, are 

reported in TableV-F15.

Michigan to Ontario transmission path

For the Michigan to Ontario path, OLS-estimated (3 for the basic model — configuration 

I—is 1.273, with a 90% Newey-West confidence interval ranging from 0.881 to 1.664. 

The point estimates of (3 for the other seven configurations range from -0.907 to 1.110, 

two of which are statistically less than 1. Three of the seven configurations—III, V, and 

VII—are statistically positive. These are the configurations, along w ith I, that lack the 

convergence terms. Application of SUR yields point estimates that are lower and 

standard errors that are smaller, but the general results are similar. In the 

configurations not containing convergence term s it is not possible reject hypothesis D, 

the hypothesis of informational efficiency, though it is noted that the large standard 

error estimates are partly responsible for this. In  the other configurations, except II, the 

informational efficiency hypothesis can be rejected, though this is largely due to the 

relatively low estimates of (3 itself. In these cases it is found that the convergence terms 

are statistically significant. Moreover, there is some evidence that the one-period lag of 

profits is statistically significant in configurations V through VIII.

New York to Ontario transmission path

With respect to the New York to Ontario path, the OLS-estimated (3 for the basic m odel 

is -0.155. It cannot be concluded that (3 differs statistically from 0 using either Newey- 

West or SUR standard errors for any of the eight configurations. Using SUR, all the 

point estimates of the intercept—except II—are positive, but statistically so only for 

configuration I. Taken together, there is no meaningful evidence of informational 

efficiency on this path. Use of SUR results does not alter this conclusion. These results
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correspond to the finding reported in Table V-D5 that the correlation betw een payout 

and MCP is close to zero.

Ontario to Michigan transmission path

With respect to the Ontario to Michigan path, the OLS-estimated (3 for the basic m odel 

is 0.491, w ith a 90% Newey-W est confidence interval ranging from 0.404 to 0.577. The 

point estimates of |3 for the other seven configurations range from 0.301 to 1.000, all of 

which are statistically greater than 0 and all bu t two of w hich—IV and VIII—are 

statistically less than 1, thereby rejecting hypothesis B in each case and hypothesis C in 

all bu t two cases. The average of the eight estimated (3 is 0.615, while the average 

standard error is 0.133. The point estimates of the intercept are all positive and they are 

statistically significant for half the configurations (I, II, V, and VI). Corresponding to 

these findings, the joint informational efficiency hypothesis, hypothesis D, can be 

rejected for all configurations except IV and VIII. There is no evidence the one-period 

lag of profit is useful for explaining payout, bu t there is some evidence that 

convergence in the form m odelled does occur, though it is not uniform.

Ontario to New York transmission path

For the Ontario to New York path, the OLS-estimated (3 for the basic m odel is 0.649, 

with a 90% Newey-West confidence interval ranging from  0.418 to 0.881. The point 

estimates of (3 for the other seven configurations range from 0.091 to 0.703, half of which 

are statistically greater than 0 (I, II, V, and VI) bu t all of which are statistically less than 

1, thereby rejecting hypothesis B for half the cases and hypothesis C for all cases. The 

average of the eight estimated (3 is 0.345, while the average standard error is 0.178. The 

point estimates of the intercepts are all positive and they are statistically significant for 

configurations I, II, V, and VI. Relating to these findings, the joint informational 

efficiency hypothesis, hypothesis D, is rejected for all configurations. There is little
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evidence that either the one-period lag of profit or the form of convergence m odelled is 

contributes meaningfully to explaining the variation of payout.

Summary of results w ith OLS estim ator

Given the biasedness and inconsistency of OLS applied to censored data, there is little 

basis on which to draw  formal conclusions regarding the informational efficiency of the 

ST FTR market. Notwithstanding this, the two im port paths generate results that are 

more robust to regressor configurations than the two export paths. This suggests that 

there should be concern about the potential for regressor endogeneity in later analysis 

that accounts for censored data.

7.3.2. Tobit estimator

The Tobit estimator can be used to estimate equation (V-30) consistently w ith censored 

data. Econometric results associated w ith its application are reported in appendix V-G. 

Tables V-Gl and V-G2 present estimates of the eight regressor configurations w ith 

unadjusted and Huber-W hite standard errors for the M ichigan to Ontario transmission 

path, as well as hypothesis test results. Various m easures of goodness-of-fit are also 

reported. Analogous results for the New York to Ontario path  are recorded in Tables V- 

G3 and V-G4, while for the Ontario to Michigan path  they are recorded in Tables V-G5 

and V-G6 , and for the Ontario to New York path they are recorded in Tables V-G7 and 

V-G8 , respectively. Table V-G9 reports hypothesis test results for all paths jointly.

Table V-G10 reports 90% confidence intervals regarding (3 for each of the four paths.

Michigan to Ontario transmission path

For the Michigan to Ontario path, Tobit-estimated (3 for the basic m odel—configuration 

I—is 1.924, with a 90% Huber-W hite confidence interval ranging from 1.123 to 2.724.

The point estimates of (3 for the other seven configurations range from -0.705 to 1.661,
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four of which are statistically greater than 0, thereby rejecting hypothesis B. In two 

configurations—I and VIII—it is concluded that (3 differs statistically from 1, thereby 

rejecting hypothesis C in both cases. Given the wide range of estimates, the explanation 

for this result is that estimated standard errors are large, averaging 0.499. The 

estimated intercept is negative for all eight configurations, significantly so for each case 

except VI. Taken together, the joint informational efficiency hypothesis, hypothesis D, 

is rejected for each configuration except VI and VII (nearly rejected for VII). The 

convergence terms are significant only in configuration VIII (hypotheses E, F, and G) 

while the one-period lag of profit is significant in configurations V and VI (hypothesis

J).

Overall, the various configurations of regressors are jointly significant in each case. The 

McKelvey-Zavoina R-square statistic rises from 0.36 w ith configuration I to 0.75 with 

configuration VIII. AIC is lowest for configuration VIII while BIC is lowest for 

configuration V. As reported above, the joint informational efficiency hypothesis is 

rejected for each of these configurations.

New York to Ontario transmission path

For the New York to Ontario path, Tobit-estimated |3 for the basic m odel—configuration 

I —is 1.033, with a 90% Fluber-White confidence interval ranging from -0.884 to 2.949. 

Estimated (3 differs from 0 and 1 in only one case each, respectively, cases II and III. The 

estimated intercept is statistically negative for configurations I, II, V, and VI—those 

lacking contemporaneous regressors. Otherwise, the point estimate is a large positive 

value that is occasionally significantly so.

While some configurations of the model explain very large proportions of the variation 

of payout, such as configuration III where the McKelvey-Zavoina R-square measure is 

0.978, the MCP is not systematically important. The evidence suggests that payout, and
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by definition congestion, on this path  can be predicted by a combination of natural gas 

prices, the natural gas capacity ratio, and interest rates (which are, to some extent, 

acting as a proxy for the business cycle). These results, broadly speaking, suggest the 

absence of informational efficiency in the New York to Ontario FTR m arket in the sense 

that the MCP does not provide useful information tow ards predicting payout.

These results are consistent w ith those obtained from the statistical analysis reported 

above in section 5.3.

Ontario to Michigan transmission path

With respect to the Ontario to Michigan path, Tobit-estimated (3 for the basic m odel— 

configuration I—is 0.619, w ith a 90% Huber-W hite confidence interval ranging from 

0.400 to 0.837. The point estimates of (3 for regressor configurations II through VII range 

from 0.347 to 0.838, while for configuration VIII the point estimate is 1.361. Estimated |3 

differs from 0 (positively) in all but two cases—II and VI (hypothesis B). For 

configurations I, III, V, and VII—those lacking the lag of profit regressor—(3 is 

statistically bounded between 0 and 1 (hypotheses B and C). The estim ated intercept 

differs from 0, thereby rejecting hypothesis A, only for configuration VII and is positive 

in this case. The joint informational efficiency hypothesis, hypothesis D, is rejected for 

the odd num bered configurations and not otherwise. The convergence term s are 

statistically significant for configurations II and VIII, while the lag of profit term  is not 

significant for any configuration.

Each configuration of regressors is jointly statistically significant. The McKelvey- 

Zavoina R-square statistic ranges from 0.240 to 0.770 for configurations I through IV 

and from 0.161 to 0.628 for configurations V through VIII. AIC is lowest for case VI 

while BIC is lowest for case V. As stated above, rejection of the joint informational 

efficiency hypothesis occurs w ith configuration V but not VI.
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Ontario to New York transmission path

With regard to the Ontario to New York path, Tobit-estimated (3 for the basic m odel— 

configuration I—is 0.710, w ith a 90% Huber-W hite confidence interval ranging from 

0.351 to 1.068. For the other seven regressor configurations, point estimates of (3 range 

from 0.112 to 0.616. Aside from case I, estim ated (3 differs from  0 only for cases II and V 

(hypothesis B), while it differs from 1 in all cases except I and II (hypothesis C). All 

point estimates of the intercept are positive, significantly so and thereby rejecting 

hypothesis A, only for cases V and VI. Taken together, the joint informational efficiency 

hypothesis is rejected for all configurations except I and II, the two configurations 

where |3 was found not to differ significantly from 1 . The convergence and lag of profit 

terms are not statistically significant for any of the regressor configurations.

The relevant sets of regressors are jointly significant for each of the eight configurations, 

for which the McKelvey-Zavoina R-square statistic ranges from  0.133 to 0.466. AIC is 

lowest for configuration VII while BIC is lowest for configuration V. As stated above, 

the various informational efficiency hypotheses are rejected in relation to each of these 

configurations.

All transmission paths collectively

Considered across all paths, the joint informational efficiency hypothesis, hypothesis D, 

is rejected for each configuration of regressors. With few exceptions, estimates of [3 are 

found to differ from 1 while the intercept is found to differ from  0. Together, both 

convergence terms are found to be statistically significant, though not always 

individually. Evidence regarding the importance of the lag of profits is mixed.

Summary o f results w ith  Tobit estim ator

Application, on a path-by-path basis, of the Tobit estimator to equation (V-30) yields
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very little evidence of informational efficiency and forward m arket unbiasedness w ith 

respect to the ST FTR m arket .118 For the Ontario to Michigan and Ontario to New York 

paths—the two export pa ths—there is evidence of a systematically positive correlation 

between auction market clearing prices and realised payouts. However, as reported 

above, this is not a one-to-one relationship. In particular, the preponderance of 

evidence suggests that a $1 increase of the MCP corresponds to a less than $1 increase of 

payout, thereby suggesting that the MCP provides, on average, a biased forecast of 

payout.

With respect to the Michigan to Ontario path, estimates of |3 were found to be greater 

than those related to the two export paths, but, as noted, the standard errors associated 

with these estimates are also larger. Large standard errors suggest forecasts of payout 

are highly imprecise. As a result, while the estimate of (3 was quite different from 1 for 

the regressor configuration preferred by the AIC (configuration V), the difference was 

not statistically significant. N otwithstanding this, the preponderance of evidence 

suggests the FTR market lacks informational efficiency for this path as well. This is at 

least partially related to the estimated intercept being significantly negative.

With regard to the New York to Ontario path, there is evidence that payout can be 

predicted with some accuracy. However, the ST FTR m arket seems to contribute little 

to that end as there is little evidence of a systematic relationship betw een the MCP and 

payout.

Considering all paths together, path-by-path application of the Tobit estim ator yields 

little evidence of systematic informational efficiency and forward m arket price

118 At a higher level of confidence, say 95%, the various confidence intervals would be larger in 
magnitude and it w ould, as a consequence, become more difficult to reject the various hypotheses, 
including that anything differed from 0. Notw ithstanding the ability to conclude that |3 differs from 1, if 
it does not differ from 0 then any findings of informational efficiency w ould  be suspect. Again, this 
points to the large magnitude of the standard errors.

206



unbiasedness. Instead, the results provide some evidence of risk aversion on the part of 

ST FTR market participants.

7.3.3. Two-stage Heckman estimator

A two-stage Heckman (1976,1979) estim ator can be used to estimate equation (V-30) 

consistently in the presence of censored data on a path-by-path basis as an alternative to 

the Tobit estimator. With this approach, the probability of an observation being 

censored is considered in the first stage, one result of w hich—the inverse Mills ratio 

(IMR)—is used in the second stage. By m odelling the probability of censoring directly, 

rather than assuming all censored observations are equivalent, the possibility exists that 

the performance of the Tobit estimator can be im proved upon.

First stage

Econometric results associated w ith the estimation, on a path-by-path basis, of the first- 

stage probit model are reported in Table V-Hl in Appendix V-H. Table V-H2 presents a 

simple check of the consistency of these results by sum m arising the proportion of 

observations censored and predicted to be censored for each path.

The instrum ents used to identify the first stage for the four paths are the global 

adjustment rate, the aggregate global adjustment, the 3-hour pre-dispatch to hourly 

Ontario energy price (HOEP) differential, and the HDD positive deviation for Detroit, 

respectively . 119 The instruments are of differing quality. The best instrum ents available

119 The global adjustment, referred to in-text occasionally as the aggregate global adjustment, is the 
difference between the total payments made to certain generators and other market participants, and the 
market revenues they receive. It is typically measured in dollars and is determined at a monthly 
frequency. The global adjustment rate is defined as aggregate global adjustment divided by total 
Ontario—excluding export—demand. As demand is measured in MWh, the global adjustment rate is 
measured in dollars per MWh. This is also a monthly calculation. The GA was discussed in much 
greater detail in chapters II, III, and IV.
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with regard to the Michigan to Ontario, N ew  York to Ontario, and Ontario to Michigan 

transmission paths are statistically significant in their own right, as is the probit model 

overall. The McKelvey-Zavoina R-square statistic ranges from 0.27 to 0.39. However, 

the best instrum ent available with regard to the Ontario to N ew  York transmission path 

is only statistically significant at a 93% level of confidence, leading to a McKelvey- 

Zavoina R-square statistic of only 0.11.

The check for consistency in Table V-H2 reports that the proportion of observations 

predicted by the relevant probit model to be censored differs by less than 1 % from the 

proportion observed to be so for each path.

The probit model is used to calculate the IMR. This ratio, which may differ for each 

observation, is used in the second-stage to account for the probability that any 

individual observation may be censored.

Second-stage

Each regressor configuration estimated above w ith the OLS estimator will be 

augmented with the relevant IMR determ ined in the first-stage and then estimated 

again with OLS. Econometric results of this process are reported in Appendix V-H. 

Tables V-H3 and V-H4 present second-stage estimates of the eight configurations listed 

in Table V- 8  augm ented w ith the IMR—a generated regressor—from the first-stage with

The HOEP is the hourly electricity price charged to consumers (though it is not the on ly  fee they pay). 
While the market clears in real time, the planning for real time that takes place beforehand includes the 
calculation of market clearing prices which may be interpreted as forecasts of real-time prices. This 
planning process occurs over a certain number of hourly intervals in advance of real time. The price that 
clears the hourly interval three hours in advance of real time is called the 3-hour pre-dispatch price. The 
differential between the 3-hour pre-dispatch price and the HOEP can, therefore, be thought of as the 3- 
hour HOEP forecast error and is observed for every hour. (Note: this is not the same as the difference 
between HOEP in one hour and HOEP three hours earlier.) The instrument used is the monthly mean of 
these deviations.

The HDD positive deviation for Detroit was defined in (26). The instrument is the monthly mean.
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both OLS and Newey-West heteroskedastidty and autocorrelation consistent standard 

errors for the Michigan to Ontario transmission path. Diagnostic and hypothesis test 

results corresponding to the eight regressor configurations are also reported.

Analogous results for the New York to Ontario path  are recorded in Tables V-H5 and V- 

H 6 , while for the Ontario to Michigan path  they are recorded in Tables V-H7 and V-H8 , 

and for the Ontario to New York path they are recorded in Tables V-H9 and V-H10.

Table V -H ll presents SUR estimates of the four paths estim ated jointly for the eight 

specifications augm ented with the appropriate IMR term. Hypothesis test results for 

the four transmission paths using the SUR results are reported in Tables V-H12 through 

V-H15. Table V-H16 reports hypothesis test results for all paths jointly and Table V- 

H17 reports path-by-path confidence intervals regarding |3, w ith  unadjusted, Newey- 

West, and SUR standard errors, respectively.

Michigan to Ontario transmission path

For the Michigan to Ontario path  the second-stage estimate of (3 for the basic m odel— 

configuration I —is 0.694, with a 90% Newey-W est confidence interval ranging from - 

0.033 to 1.421. The point estimates for (3 for the other seven configurations range from - 

1.275 to 0.597, six of which do not differ statistically from  0 while the seventh is 

statistically negative, thereby generally failing to reject hypothesis B. Four of the eight 

configurations produce estimates of (3 that do not differ from 1, in which case 

hypothesis C is not rejected. In each of these cases, estimates of (3 also do not differ 

from 0 either. It is noteworthy that the average m agnitude of the standard errors is

0.469. All eight estim ated intercepts are negative, six statistically so. Taken together, 

the joint informational efficiency hypothesis, hypothesis D, is rejected for configurations 

other than I, V, and VII. The convergence terms and the one-period lag of profits are 

generally significant, thereby rejecting hypotheses E, F, G, and J.
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Overall, the various configurations of regressors are jointly significant in each case. 

While, as described above, the MCP is generally not statistically significant, various 

other regressors are. As a result, the R-square and adjusted R-square statistics range 

from 0.353 to 0.767 and 0.335 to 0.685, respectively, for the eight configurations with 

adjusted R-square being largest for case VIII. AIC and BIC are lowest for configurations 

VIII and VI, respectively. As reported above, the joint informational efficiency 

hypothesis is rejected for each of these configurations. These results, principally the 

lack of coefficient stability under different regressor configurations, are a classic 

symptom of endogeneity. Taken together, these results suggest a lack of informational 

efficiency in the Michigan to Ontario ST FTR market.

The SUR point estimates of p are similar to those obtained by the OLS estim ator . 120 The 

purpose of using the SUR estim ator as an alternative is to take advantage of correlations 

across paths so as to improve estimation efficiency and obtain smaller standard errors. 

The benefit is obtained here as the average standard error under SUR is only 0.342, a 

27% reduction in m agnitude as compared to OLS. Of the four positive estimates of (3, 

one is statistically greater than 0  and less than 1  while the other three are statistically 

different from neither 0 nor 1. Thus, while the reduced standard errors allow somewhat 

stronger conclusions to be obtained, conclusions are generally unchanged. All eight 

intercept estimates rem ain negative, five statistically so. Results from consideration of 

the joint informational hypothesis, the impact of convergence terms, and the one-period 

lag of profit are also unchanged.

New York to Ontario transmission path

With respect to the New York to Ontario transm ission path, regressors are jointly 

statistically significant only for configurations II and IV. Results associated w ith other

120 The relevant issue is m issing data.
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configurations are henceforth ignored for this path. The second-stage estim ates of (3 for 

configurations II and IV are -0.726 and -0.043, w ith  90% Newey-W est confidence 

intervals ranging from -1.927 to 0.475 and -0.854 to 0.768, respectively. Therefore, 

neither estimate of (3 differs from 0 or is equal to 1, thereby failing to reject hypothesis B 

while rejecting hypothesis C. In addition, neither intercept estimate statistically differs 

from 0. Notwithstanding this, the joint informational hypothesis, hypothesis D, is 

rejected for both configurations. Finally, the convergence term s are significant in both 

configurations.

Application of the SUR estimator does not appreciably change the results described 

above, except that the estimated intercept related to configuration II becomes 

statistically negative. Regardless of the relative perform ance of the two 

configurations—in terms of R-square, adjusted R-square, AIC, and BIC—there is little 

evidence to support a finding of informational efficiency on the New York to Ontario ST 

FTR market.

Ontario to Michigan transmission path

For the Ontario to Michigan transmission path the second-stage estimate of (3 for the 

basic m odel—configuration I—is 0.476, w ith a 90% Newey-W est confidence interval 

ranging from 0.383 to 0.568. The point estimates of (3 for the other seven regressor 

configurations range from 0.294 to 0.739, all of which are statistically greater than 0, 

thereby rejecting hypothesis B, and all but one of which are statistically less than 1 

(configuration VIII), thereby generally rejecting hypothesis C. All intercept estimates 

are positive, though none are statistically significant, resulting in a failure to reject 

hypothesis A for any configuration. As a result, the joint informational efficiency 

hypothesis is rejected for each configuration other than VI and VIII. The one-period lag 

of profit is never significant and the results w ith respect to the convergence term s are
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mixed.

Overall, each of the configurations of regressors is jointly statistically significant. The R- 

square statistic ranges from 0.165 to 0.406 while the adjusted R-square statistic ranges 

from 0.116 to 0.253. Both AIC and BIC are minimised with configuration V, w here the 

estimate of (3 was 0.487, w ith a 90% Newey-West confidence interval ranging from 0.296 

to 0.607, and the estim ated intercept was insignificantly positive. While the MCP 

arrears to provide a biased forecast of the payout and the FTR market appears to be 

generally informationally inefficient, the intercept not differing from zero provides 

some evidence of informational efficiency nonetheless.

Application of the SUR estim ator alters the above conclusions to some extent. Instead 

of all estimates of (3 being found to be positive and statistically significant, here it is 

found that only six of the estimates are positive, four of them  statistically so. Moreover, 

while previously all bu t one estimate was not statistically less than 1, two are found 

here. All estimates of the intercept remain positive, but four of them —those 

corresponding to the configurations containing the set of contemporaneous 

regressors—are statistically significant. The joint informational efficiency hypothesis is 

rejected for the four configurations containing contemporaneous regressors and not 

otherwise. This suggests the previously identified evidence of informational efficiency 

is not robust.

Ontario to New York transmission path

With regard to the Ontario to New York transmission path the second-stage estimate of 

[3 for the basic m odel—configuration I—is 0.643, w ith a 90% confidence interval ranging 

from 0.407 to 0.879. The point estimates of (3 for the other seven configurations range 

from 0.049 to 0.708, three of w hich are statistically greater than zero. Therefore, 

hypothesis B is rejected for half — those configurations w ithout the contemporaneous
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regressors—of the eight configurations. All point estim ates are less than 1, thereby 

rejecting hypothesis C in each case. While none of the eight estimated intercepts differ 

statistically from zero, thereby failing to reject hypothesis A in any case, six of them  are 

positive. As a result, the joint informational efficiency hypothesis, hypothesis D, is 

rejected for each of the regressor configurations other than II. The one-period lag of 

profit is never statistically significant and the convergence term s are generally not 

either.

The relevant sets of regressors are jointly significant for each of the eight configurations. 

The R-square statistic range from 0.133 to 0.467, while the adjusted R-square statistic 

ranges from 0.073 to 0.292, and AIC and BIC are m inim ised w ith  configurations VII and 

V, respectively. As stated above, the joint informational hypothesis was rejected in each 

of these cases.

Application of the SUR estimator som ewhat reduces the strength of the OLS/Newey- 

West results. While the eight estimates of (3 are essentially unchanged, the standard 

errors associated w ith (3 are relatively larger in m agnitude. Therefore, instead of half 

the estimates of (3 being statistically greater than 0, only tw o—the two configurations 

without contemporaneous regressors that are also w ithout the lag of profit te rm — 

remain as such. Also, instead of all estimates being statistically less than 1, only six 

remain as such, with the two others being the configurations w ithout contemporaneous 

regressors or the lag of profit term. The signs and statistical significance of the eight 

intercept estimates is unchanged. Taken together, instead of rejecting the informational 

efficiency hypothesis, hypothesis D, for all configurations except II, it can no longer be 

rejected for configurations I and VI as well. The convergence terms rem ain statistically 

insignificant, as does the lag of profit in the configurations w ith contemporaneous 

regressors.
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All transmission paths collectively

For each of the eight configurations it is concluded that (3 is less than 1, though it differs 

from 0 in only three of the eight cases. The joint informational efficiency hypothesis, 

hypothesis D, is rejected in all cases. The intercept term  differs from 0 for five of the 

eight regressor configurations. Moreover, the convergence term s are always 

statistically significant, while the lag of profit term  is statistically significant in the 

configurations lacking the set of contemporaneous regressors.

For each of the eight configurations, it is concluded that (3 differs from 1, though it 

differs from 0 in only three of these cases. The joint informational efficiency hypothesis, 

hypothesis D, is rejected in all cases. The intercept differs from  0 for five of the eight 

configurations. Moreover, the convergence terms are always statistically significant, 

while the lag of profit term is statistically significant only in the configurations lacking 

the set of contemporaneous regressors.

Of all the configurations, VIII is preferred by AIC. Of the configurations w ithout the 

one-period lag of profit term, IV is preferred by AIC. Assum ing that configuration IV 

can be consistently estimated, the Hausm an test suggests that endogeneity m ay be 

induced by the addition of the one-period lag of profit term. While instrum enting for 

this variable may be ideal, quality instrum ents are difficult to find. Instead, focusing of 

the results associated with configuration IV suggests it be concluded that |3 is less than 1 

and not different from 0, while the intercept does differ from 0. Overall, these results, 

as reported above, suggest the rejection of joint informational efficiency hypothesis, 

hypothesis D, when the hypothesis is considered in relation to all paths simultaneously. 

Moreover, these results suggest the MCP provides a biased forecast of payout.

The result that path-level estimates of (3 vary widely in comparison to those from the 

panel data analysis suggests that some proportion of the path-level endogeneity
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problem is controlled for by the panel data approach.

8. Conclusions

This chapter reports the results of a statistical and econometric analysis of the 

informational efficiency and forward m arket unbiasedness characteristics of Ontario's 

short-term (ST) financial transmission rights (FTRs) auction market. FTRs are financial 

assets that entitle their holder to receive paym ents proportional to the degree of 

congestion realised on the relevant transmission path (including the relevant direction). 

FTRs exist for all transmission paths connecting Ontario with its five neighbouring 

jurisdictions—New York, Michigan, Minnesota, Manitoba, and Quebec—and are 

individually valid for one of two durations—one m onth or one year.

8.1. Summary of results

It was determined that aggregate auction m arket revenues and payouts for all FTRs 

under consideration were $221.5 million and $430.2 million, respectively, yielding a 

profit of $208.7 m illion—a 94.2% rate of re tu rn —to those economic agents who 

participated in the FTR market. Rates of returns of 58.0%, 123.8%, 114.4%, and 29.1% 

were found in relation to im port-path only, export-path only, LT FTRs only, and ST 

FTRs only, respectively.

The principal issue related to ST FTRs is the left-censoring of payout at $0, while the 

principal issue related to LT FTRs is the overlapping nature of the basic data set. Both 

issues are dealt with explicitly: ST FTRs in this chapter, LT FTRs in the next.

Analysis of the ST FTR m arket involved narrow ing the focus to the four transmission 

paths connecting Ontario to and from New York and Michigan. The correlation 

coefficient between the MCP and payout suggested there is no systematic relationship 

between the two for the New York to Ontario transmission path, a result confirmed by
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both formal econometric analysis and observation of the appropriate scatter plots. 

Significantly positive correlations were found in relation to the other three paths, for 

which formal econometric analysis confirmed a positive relationship betw een the MCP 

and payout, though not generally in a one-to-one fashion. As a result, it was concluded 

that the standard joint informational efficiency hypothesis should be rejected. Similar 

results were obtained by use of various estim ators in a panel data  context.

Regardless of the approach, it is concluded that while FTR m arket perform ance varied 

across the transmission paths considered and that some perform ed better than others, 

the market as a whole was not informationally efficient in the sense that the MCP for a 

particular auction does not tend to provide an unbiased forecast of future 

payout/congestion.

8.2. Future research

A brief discussion of possible areas of future research is provided in the concluding 

section of chapter VI, following its analysis of O ntario 's m arket for LT FTRs.
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Chapter VI: The market for long-term financial transmission rights

1. Introduction

Chapter V provided a general introduction to financial transmission rights (FTR) and 

their associated markets. The chapter also reported a statistical and econometric 

analysis of the informational efficiency and forward market unbiasedness 

characteristics of short-term  (ST) FTRs in Ontario. This chapter reports an analysis of 

long-term (LT) FTRs in Ontario and can be interpreted as an extension of chapter V.

The motivation for analysis of the LT FTR m arket is the same as with the ST FTR 

market. The principles underlying the LT FTR m arket are largely the same as the ST 

FTR market. The differences, where relevant to the analysis, are described.

This chapter proceeds as follows. Section 2 describes the considerations that are 

relevant to LT FTRs that are not relevant to ST FTRs (and were, therefore, om itted from 

consideration in chapter V). Section 3 reviews the data used in the analysis. Section 4 

describes, w ith significant reference to chapter V, the econometric models estimated, 

hypotheses tested, and methodologies employed in the subsequent econometric 

analysis. Section 5 reports discussion of econometric results. Section 6  concludes.

2. Additional considerations

The key consideration related to LT FTRs that is not relevant to ST FTRs is that 

succeeding LT FTRs are valid for periods of time that overlap preceding LT FTRs. The 

process that gives rise to this characteristic is described in section 2.1. The theoretical 

impact of this characteristic of the data is described in 2 .2 .
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2.1. Auction market

The auctions for LT FTRs valid over quarters q, q+1, q+2, and q+3 are conducted in the

second m onth of quarter q-1. These are all tw o-round auctions in which 25% of 

available FTRs are sold in the first round, w ith the rem aining 75% sold in the second 

round. This process facilitates price discovery, which is more meaningful in the context

of long-term validity periods than of short-term validity periods. The mechanism  used

in each round is identical to that used in the single-round ST FTR auctions.

2.2. Overlapping data

Define h, an integer, to be the sampling (observation) interval. Following Hansen and 

Hodrick (1980), using equations (V-19) and (V-20), the error, along w ith its h-period 

update, can be w ritten as

£t+k ~ s t+k ~ (VI-1)

and

£t+h+k = s t+h+k~ ^[^t+h+fcl^t+ft] (VI-2)

The expectation of the product of equations (VI-1) and (VI-2) is zero only if k  < h, that 

is,

E[et+k et+h+k] = 0 if k  < h (VI-3)

In other words, the errors from equation (V-19) will be serially uncorrelated only if the 

duration of the forecast interval, k, is less than or equal to the duration of the sam pling 

interval, h.

In the case where k  = 1, forward prices are hypothesised to be unbiased forecasts of 

next-period spot prices and the associated errors will be autocorrelated. Sampling from
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each period, that is, h = 1 , would generally be unproblem atic and would be desirable if 

data are available. The data in this case are said to be non-overlapping. As described in 

chapter 5, data associated w ith ST FTRs are of this type as the forecast and sam pling 

intervals are each one m onth in length.

If k > 1, forward prices are hypothesised to be unbiased forecasts of fc-period-ahead 

spot prices while it is not definitionally the case that the associated errors will be 

autocorrelated. If the sampling interval is smaller than the forecast interval, that is, if 

k > h, the data are said to be overlapping and consequently the errors will be serially 

correlated as equation (VI-3) no longer holds . 121 In fact, the associated error would 

follow a moving-average process of order -  1 . See Frankel (1980) and Kavussanos, 

Visvikis, and Menachof (2004). As described in section 2.1, data associated w ith LT 

FTRs are of this type as the related sampling intervals are one (calendar) quarter in 

length while forecast intervals are four quarters in length. Thus, OLS estim ation of 

equation (V-19) would result in autocorrelated residuals that follow a MA (3 = 4 / -  i )  

process. Such estimates, while being unbiased, would not be efficient.

There are a num ber of potential ways to address the autocorrelation issue, two of which 

are considered here. First, standard errors that are heteroskedastic- and autocorrelation- 

consistent could be estimated. Second, the analysis could be restricted to the use of 

every V ftth observation only. The resulting data set w ould be comprised of the largest 

possible num ber of observations that do not overlap, thereby mitigating the im pact of 

autocorrelation. In the context of the LT FTR data set, as only every fourth observation 

would be used for analysis, this approach would result in three-quarters of the data set

121 Even with k > 1, if the sampling interval is greater than or equal to the forecast interval, that is, if
1 < k < h, the data w ould be non-overlapping and the errors w ould  remain serially uncorrelated. In fact, 
if the forecast and sampling intervals were normalised by a factor of [1 / k ) ,  this case w ould not be 
different from the case where k = 1.
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going unused. Results associated w ith each approach are reported below.

3. Data

This section describes the data used in the analysis of LT FTRs.

3.1. Timeframe and the overlapping nature of the data

Data used in the analysis of LT FTR m arket perform ance cover the period from July 

2002 to December 2010, inclusive. This period is 34 consecutive calendar quarters in 

duration. As defined in section 2, LT FTRs are valid for all hours of four consecutive 

calendar quarters. As a result, the timeframe over which data are observed results in 31 

overlapping annual rights periods . 122 Since the LT FTR auction structure described in 

section 2  has been consistently adhered to from m arket opening in 2 0 0 2  to the end of 

2 0 1 0 , there is no loss of data due to evolving auction m arket structure that is analogous 

to ST FTRs as described in the previous section.

A convention of referring to the time dim ension of a LT FTR by the name of the first 

calendar quarter for which it is valid is adopted. For instance, a LT FTR purchased at 

auction in November, 2009 w ould be valid for the period January 1, 2010 to December 

31, 2010 and w ould be labelled 2010 Q l. In fact, 2010 Q1 constitutes the last observation 

in the time series dim ension of the data set.

3.2. Limitations of analysis due to m issing data

As described in Appendix V-C, there are 17 transm ission paths connecting Ontario with 

neighbouring jurisdictions. Analogously to ST FTRs, there are quarters in which no LT

122 The overlapping nature of the rights periods mean that each quarter—other than the first and last 
three—is covered by four distinct LT FTRs. The first and last quarters are covered by only one LT FTR 
period each, w hile the second (third) and second- (third-) last quarters are covered by tw o (three) LT FTR 
periods each.
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FTRs are available to be auctioned. In such an event, no MCP is observed for that 

particular path and the observation is said to be missing. O ther data for the path  are 

still observed, including congestion. A path-by-path sum m ary of the extent of missing 

data is provided in Table VI-1.

Of the complete set of transmission paths listed in Table VI-1, it is apparent there are 

insufficient data regarding each direction of the path  connecting O ntario to Quebec AT 

to be of meaningful use in this analysis . 123 No further analysis regarding these paths is 

undertaken and the two observations identified in Table VI-1 as being related to Quebec

Table VI-1: LT FTR: Path-by-path summary o f missing observations

Path
# of Present 

Observations 
(maximum = 31)

# of M issing 
Observations

Proportion
M issing

+ MBSI to ONZN 26 5 0.161
t  MISI to ONZN 25 6 0.193
t  MNSI to ONZN 24 7 0.226
+ NYSI to ONZN 25 6 0.193
PQAT to ONZN 1 30 0.968
t  PQBE to ONZN 31 0 0.000
+ PQDA to ONZN 31 0 0.000
t  PQDZ to ONZN 29 2 0.065
+ PQPC to ONZN 31 0 0.000
t  PQXY to ONZN 30 1 0.032
+ ONZN to MBSI 2 1 1 0 0.323
t  ONZN to MISI 23 8 0.258
t  ONZN to MNSI 23 8 0.258
+ ONZN to NYSI 23 8 0.258
ONZN to PQAT 1 30 0.968
t  ONZN to PQDA 23 8 0.258
t  ONZN to PQHZ 30 1 0.032

123 The Quebec AT transmission line entered service in July 2009. A s of January 2011 there had been only 
one complete annual rights period. As such, there is only one observation in the data set.
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AT are removed from the data set. The other paths, for which a m inim um  of 

approximately 75% of observations are present, are retained for further analysis and are 

identified with a dagger (t) at the left-side of the path  name column.

Analogous to ST FTRs, quarters for which there were no auctions—and therefore no 

M CPs—are excluded from the analysis. Given the relatively small time period over 

which LT FTRs are observed, the possibility of missing observations can complicate the 

econometric estimation of various models below. For this reason, the set of paths under 

consideration will be refined further as necessary.

3.3. Profitability of LT FTR ownership

A histogram of the rates of return to LT FTRs is provided in Figure VI-1, where, 

analogous to Figure V-l, im port paths are distinguished from export paths and the left

most vertical bars represent those FTRs returning a zero payout to their holders. Tables 

VI-2 and VI-3 report statistics regarding rates of return and cumulative returns to LT 

FTRs, respectively.

The distributions of im port and export rates of return are both highly right-skewed, 

with the approximately 60% of im port observations and 40% of export observations 

being negative. These proportions are less than those observed in the ST FTR data.

Considered on a path-by-path basis, m ean rates of return are generally positive, the 

exceptions being both directions on the Quebec DA path and the im port direction on the 

Quebec HZ path (for which there is no corresponding export path), and always greater 

than the corresponding medians. The m ean and m edian rates of return are positive on 

each direction of the paths connecting Ontario to Michigan, Minnesota, and New York, 

though rates are uniformly higher in the export direction.
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Figure VI-1: Distribution of rates of return to LT FTRs, by imports/exports
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As captured by the right-most vertical bars of the Figure VI-1, there are a relatively 

small num ber of very high observations of rate of return. These few observations 

materially affect the m ean but not the median. The largest recorded rate of return  was 

170.5 and was associated with the 2004 Q2 FTR on the Ontario to Quebec HZ path. The 

payout was $26,114.64 while the MCP was only $152.50.124 The second highest recorded 

rate of return was 141.3 and was associated w ith the 2006 Q3 FTR on the Quebec PC to 

Ontario path. These large rates of return  result in m ean rates of return on their 

respective paths being much greater than the m eans observed on other paths.

Statistics regarding cumulative return are reported in Table VI-3. As established in the

124 This is the weighted average MCP as determined by equation (V-28). The first- and second-round  
MCPs were $177.00 and $144, respectively.
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Table VI-2: Average and median rates of return to LT FTRs 
Units defined as in Table V-4

Neighbouring
Jurisdiction

Im port Path Export Path
Mean Median % < 0 Mean M edian % < 0

Manitoba 1.85 1.47 0.269 1.69 -0.08 0.524
Michigan 3.31 0.50 0.440 3.64 1.27 0.304

Minnesota 3.02 0.76 0.292 8.84 2 . 1 0 0.304
New York 3.36 0.27 0.480 2.56 1.27 0.348
Quebec BE 5.70 0.65 0.452 — — —

Quebec DA -0 . 8 6 -0.98 0.968 -0.74 -0.99 0.826
Quebec DZ 0 . 2 0 -0.72 0.828 — — —

Quebec HZ — — — 13.44 1 . 0 2 0 . 2 0 0

Quebec PC 10.59 -0.91 0.774 — — —

Quebec XY 1.35 -0.99 0.800 — — —

All Paths 3.22 -0.54 0.607 5.37 0.46 0.406
Note: " indicates that the transmission path  does not exist.

Table VI-3: Cumulative return to LT FTRs 
Units defined as in Table V-4

Neighbouring
Jurisdiction

Im port Path Export Path

Manitoba 1.041 -0.618
Michigan 0.411 3.285
Minnesota 0.955 2.298
New York 0.987 1.298
Quebec BE 2.531 —
Quebec DA -0.858 -0.802
Quebec DZ 0.815 —
Quebec HZ — 0.989
Quebec PC 3.589 —
Quebec XY -0.621 —
All Paths 0.681 1.582

Note: " —" indicates that the transmission path does not exist.
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discussion of ST FTRs, this m easure of return  is significantly less sensitive to extreme 

observations. In fact, while the m ean rate of return  on the M innesota to Ontario path  

was 8.84, the cumulative return  was 2.298. The highest cumulative return  was related to 

the Quebec PC im port path. FTRs on this path  include the one that generated, as 

discussed above, the second highest rate of return observed. That particular FTR 

received a large weight in the cumulative return  calculation because the associated 

auction produced a relatively large am ount of revenue.

3.4. Basic relationship between MCP and payout

Summary statistics regarding the MCP and payout for the paths under consideration— 

collectively and individually—are reported in Tables VI-A1, VI-A2, and VI-A3 in 

Appendix VI-A. Table VI-A4 reports sum m ary statistics for realised FTR profits. Table 

VI-A5 reports the correlation coefficient betw een the MCP and the payout, along w ith a 

test for statistical significance. Table VI-A6  reports sum m ary statistics for various 

additional variables.

Figure VI-A1 provides a scatter plot of the MCP and payout for the paths under 

consideration, w ith MCP equals payout lines superim posed. Figures VI-A2 and VI-A3 

illustrate the same data on a path-by-path basis. Figures VI-A4 and VI-A5 illustrate the 

same data as time series plots. These figures are reported in Appendix VI-A as well.

Across all paths collectively, payout ranges from $0.00 to $72,793.44 while MCP ranges 

from $13.75 to $42,779.70 and mean payout exceeds m ean MCP. This corresponds to a 

mean FTR profit of $3,373.29 as reported in Table VI-A4. Both payout and MCP are 

right-skewed.

On an individual path basis, m ean payout exceeds m ean MCP on all paths except the 

im port paths from Quebec DA and XY and the export paths to Manitoba and Quebec
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DA. These are the four paths w ith negative m ean FTR profits. All path-level payout 

and MCP distributions are right-skewed, w ith neither one systematically more so. The 

import paths from Manitoba, Michigan, Minnesota, Quebec BE and DZ, as well as the 

export paths to New York and Quebec HZ have always been characterised by strictly 

positive payouts. The highest im port path  payout and MCP were recorded on the 

Minnesota path, while the highest export path payout and MCP were recorded on the 

New York path.

The highest priced FTR that generated a payout of zero had an MCP of $2,446.50 and 

was valid from 2002 Q3 to 2003 Q2 on the Ontario to M innesota path. It was the first LT 

FTR available on that path  (or any other). The m ost profitable FTR, which generated a 

profit of $66,426.91, was valid on the M innesota to Ontario pa th  during the period 2005 

Q2 to 2006 Q1 while the least profitable FTR, which generated a loss of $40,446.43, was 

valid on the Ontario to Quebec HZ path during the period 2006 Q1 to 2006 Q4. Two- 

thirds of paths are characterised by right-skewed profit distributions while the 

remaining one-third are left-skewed.

With respect to the payout-M CP correlation m easures reported in Table VI-A5, 

whenever the coefficient is statistically significant (at, say 5% level of significance) the 

correlation is a positive number. This includes the case where all paths are considered 

together. Note the footnote accompanying the table.

As stated, Figures VI-A4 and VI-A5 illustrate payout and MCP in a m anner that easily 

reveals the extent of missing data on an individual path  basis as discussed in relation to 

the ST FTR data is chapter V.

3.5. Benefits of a two-round auction structure

The purpose of this section is to describe a simple m ethod of quantifying the benefits of
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a two-round auction structure (as opposed to a single-round structure).

As described above, LT FTRs are auctioned in two stages w ith approxim ately one- 

quarter of the available rights auctioned in the first round and three-quarters in the 

second round. In the analysis above, the MCP used was defined by equation (V-28), a 

weighted average. However, at the time of the second-round auction, some details 

regarding first-round auction outcomes, including the MCP on all FTR paths, have 

become publically known. As well, first-round bidders know if their own bids were 

successful. This can be thought of as an information discovery process inherent to two- 

round auctions not obtainable in single-round auctions.

The simplest test to determine w hether m eaning discovery occurred betw een the two 

rounds is to consider whether the second-round MCP is systematically nearer to the 

realised payout than the first-round MCP, that is, w hether the absolute value of the 

forecast error associated w ith the second-round MCP is smaller than the absolute value 

of the first-round MCP forecast error.

Define the absolute value of the forecast error associated w ith the MCP from the first- 

round auction:

E rro r l  = | Payout -  MCP1 | (VI-4)

with an analogously defined term for the second-round forecast error. Define the 

difference between the two (absolute valued) forecast errors to be the second-round 

price discovery:

D iscovery  = E rro r l -  Error2  (VI-5)

A necessary condition for the second-round MCP providing a systematically better 

forecast of realised payout is that the discovery term defined by equation (VI-5) be
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Table VI-4: Second-round price discovery
Average dollars per FTR

Path N Payout MCP1 MCP2 Errorl Error2 Discovery
All paths considered 395 6,732.34 3,159.08 3,425.71 5,607.72 5,460.83 146.89

MBSI to ONZN 26 9,075.92 3,642.75 4,444.21 6,399.89 6,780.30 -380.42
MISI to ONZN 25 12,351.10 8,918.32 8,303.92 10,400.12 10,043.89 356.23
MNSI to ONZN 24 25,272.68 12,517.08 13,287.99 21,067.16 21,094.17 -27.01
NYSI to ONZN 25 4,590.95 2,471.78 2,939.73 4,590.36 4,703.96 -113.60
PQBE to ONZN 31 1,993.34 689.79 479.95 2,099.53 2,059.26 40.27
PQDA to ONZN 31 37.51 262.49 261.25 232.17 232.75 -0.57
PQDZ to ONZN 29 761.59 436.59 417.76 968.97 870.52 98.45
PQPC to ONZN 31 1,479.16 382.61 291.08 1,649.86 1,574.42 75.45
PQXY to ONZN 30 116.78 232.77 218.76 288.63 286.48 2.16

ONZN to MBSI 2 1 326.21 772.88 824.37 854.98 869.72 -14.74
ONZN to MISI 23 5,554.36 1,258.71 1,336.32 4,530.45 4,446.52 83.93
ONZN to MNSI 23 11,163.04 2,299.55 2,886.41 10,240.39 9,533.71 706.67
ONZN to NYSI 23 15,284.81 6,895.50 7,330.62 10,731.99 10,329.23 402.76
ONZN to PQDA 23 62.58 284.21 290.51 259.14 255.70 3.43
ONZN to PQHZ 30 17,148.89 8,124.47 9,906.75 13,253.70 12,294.04 959.65

positive.

Table VI-4 reports the mean value of discovery, along with certain other applicable 

variables, for all paths collectively and each path  under consideration individually.

The m ean value of price discovery across all auctions is $146.89, that is, the second- 

round MCP is, on average, approximately $147 nearer to the realised payout than is the 

first-round MCP. W ith respect to individual im port paths, this result does not hold 

consistently, with four of nine paths reporting negative price discovery. W ith respect to 

individual export paths, the positive average discovery result is more consistent and 

larger, with negative discovery observed only on the path to Manitoba.
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Table VI-5: Summary statistics regarding second-round discovery and related t-test
Average dollars per FTR

Path N M ean Std. Dev. p-value
All paths considered 395 146.89 2,376.36 0 . 2 2 0

MBSI to ONZN 26 -380.42 2,270.68 0.401
MISI to ONZN 25 356.23 2,136.38 0.413
MNSI to ONZN 24 -27.01 3,164.16 0.967
NYSI to ONZN 25 -113.60 1,284.26 0.662
PQBE to ONZN 31 40.27 610.12 0.716
PQDA to ONZN 31 -0.57 183.14 0.986
PQDZ to ONZN 29 98.45 394.43 0.190
PQPC to ONZN 31 75.45 243.04 0.094
PQXY to ONZN 30 2.16 81.09 0.885

ONZN to MBSI 2 1 -14.74 210.44 0.752
ONZN to MISI 23 83.93 491.43 0.422
ONZN to MNSI 23 706.67 1,987.84 0 . 1 0 2

ONZN to NYSI 23 402.76 1,453.90 0.198
ONZN to PQDA 23 3.43 166.12 0.922
ONZN to PQHZ 30 959.65 7,229.38 0.473

Notwithstanding the determination that average second-round price discovery is 

positive over all paths collectively, as well as on ten of the fifteen paths individually, 

this is not, in and of itself, evidence that discovery differs from $0 . 0 0  systematically. 

Table VI-5 reports sum m ary statistics regarding the distribution of discovery, as well as 

the p-value corresponding to a t-test w ith the null hypothesis that discovery equals 

zero. This null hypothesis is identical to one in which the first-round forecast error 

equals that of the second-round.

Given the relatively large standard deviations reported in the fourth column of Table 

VI-5, it is not surprising that the null hypothesis cannot be rejected in any of the cases 

under consideration.
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In concert with the observation that some of the paths are individually characterised by 

negative second-round discovery, the lack of statistical significance of those rem aining 

paths suggests there is little evidence that m arket participants gain m eaningful 

information from the results of the first-round auction for use in the second round.

3.6. Incidence of censoring

Censored observations are easily distinguished from uncensored observations upon 

examination of Figures VI-A1, VI-A2, and VI-A3. Table VI-6 reports the incidence of LT 

FTR censoring on each of the paths identified w ith a dagger (t) in Table VI-1. Quarters 

w ithout auctions are not considered to be censored. As censoring is not the principal 

issue under consideration w ith respect to LT FTRs, paths w ith more than five censored 

observations are excluded from further analysis. The rem aining 12 paths are identified

Table VI-6: LT FTR: Incidence of censoring for paths

Path
Number of 
Auctions

Number of Payouts 
Censored

Proportion of 
Payouts Censored

f t  MBSI to ONZN 26 0 0.000
f t  MISI to ONZN 25 0 0.000
f t  MNSI to ONZN 24 0 0.000
t t  NYSI to ONZN 25 1 0.040
f t  PQBE to ONZN 31 0 0.000

PQDA to ONZN 31 13 0.419
f t  PQDZ to ONZN 29 0 0.000
t t  PQPC to ONZN 31 4 0.129

PQXY to ONZN 30 10 0.333
t t  ONZN to MBSI 21 5 0.217
t t  ONZN to MISI 23 3 0.130
t t  ONZN to MNSI 23 1 0.043
t t  ONZN to NYSI 23 0 0.000

ONZN to PQDA 23 8 0.348
t t  ONZN to PQHZ 30 0 0.000
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with two daggers ( t t)  in Table VI-Al. Of the 311 FTRs observed on these 12 paths, 

approximately 4.5% were censored.

The 12 paths characterised by relatively low rates of censoring are those that will be 

considered for econometric analysis below.

3.7. Stationarity

It is apparent from Figures VI-A4 and VI-A5 that time series stationarity may be a 

significant concern in any analysis of LT FTRs. Presum ing a stable relationship between 

payout and MCP exists, analysis of stationarity will focus on the properties of the 

payout time series because there are no missing observations to complicate the analysis. 

The proportion of missing observations was discussed above.

Table VI-7 reports results of the application of various unit root tests to the data 

described. A modified Dickey-Fuller unit root test (DFGLS) is applied to each series.125

The results of this test are reported in column 3. In the event the DFGLS test implies the 

series has a unit root, the Zivot-Andrews (1992) procedure which allows for a single 

structural break is implemented. The results of this procedure are reported in column 4, 

w ith the corresponding break point reported in column 5. If the DFGLS test suggests 

the time series is stationary, allowance for structural breaks via the Zivot-Andrews 

procedure is unnecessary and " — " is reported in columns 4 and 5. Colum n 6, the right

m ost column, reports the combined results of the application of both, if necessary, unit 

root tests to the data series. There are three possible results: (a) "UR": unit root with 

and w ithout allowance for a structural break; (b) "Stat.": the series is stationary without

125 The test is m odified in the sense that the time series is transformed by a generalized least-squares 
regression. The maximum number of lags, k, is determined by the Schwert criterion in which k =
{12 * ((T + 1 ]/1 0 0 )A(0.25)} = 9 for this time series. The optimal lag length is determined by the Ng- 
Perron sequential t-test.
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Table VI-7: LT FTR: Stationarity

Path N
DFGLS Zivot-Andrews

Result
Tau-statistic Min. t-stat Break point

MBSI to ONZN 26 -3.227* -6.240*** 27 Stat. w  Break
MISI to ONZN 25 -2.256 -8.177*** 13 Stat. w  Break
MNSI to ONZN 24 -2.127 -6.273*** 13 Stat. w  Break
NYSI to ONZN 25 -0.963 -17.087*** 27 Stat. w  Break
PQBE to ONZN 31 -5.904*** — — Stat.
PQDZ to ONZN 29 -0.624 -4.630 10 UR
PQPC to ONZN 31 -5.814*** — — Stat.
ONZN to MBSI 21 -3.876*** — — Stat.
ONZN to MISI 23 -1.784 -7.126*** 22 Stat. w  Break
ONZN to MNSI 23 -6.334*** — — Stat.
ONZN to NYSI 23 -3.231* -5.874*** 22 Stat. w  Break
ONZN to PQHZ 30 -5.662*** — — Stat.

Note: * p<0.1, ** p<0.05, *** p<0.01

allowance for a structural break; and (c) "Stat. w break": the series is stationary if a 

structural break is permitted.

Eleven of the twelve paths are characterised by stationary payout series, six of them 

once allowing for structural breaks. One series possess a un it root regardless of the 

allowance for a single structural break. These distinctions are useful when considering 

further analysis of LT FTRs.

4. Econometric models, hypotheses, and methodology

4.1. Econometric models and hypotheses

The econometric models and hypotheses are the same as in chapter V.
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4.2. M ethodology

With LT FTR panel data, equation (VI-29) is estimated using regressor configurations I 

and III—the rationale for which is described below. With overlapping observations in 

the data set, the pooled OLS estim ator is applied, followed by the standard fixed- and 

random-effects estimators. The results are then compared. Each of these estim ators is 

then applied to a modified data set constructed such that observations are not 

overlapping.

5. Results and discussion

Table VI-8 summarises the estim ation approaches implem ented with panel data 

regarding LT FTRs.

This section focuses on the estimation of regression equation (VI-29) w ith LT FTR panel 

data. Unless otherwise stated, statistical significance in the discussion that follows 

refers to a 95% level of confidence.

Given the overlapping nature of LT FTRs, the convergence term s and the one-period lag 

of profit term  discussed in chapter V are not considered in relation to LT FTRs. Thus, 

only regression configurations I and III, as defined in Table V-8, are considered. Given

Table VI-8: LT FTR: Summary of econometric approaches using panel data

Brief Description of Econometric Approach Appendix Tables
Pooled cross-section w ith overlapping observations VI-B B 1-B 2
Fixed-effects with overlapping observations VI-B B 3-B 4
Random-effects w ith overlapping observations VI-B B 5-B 6
Comparison of FE and RE w ith overlapping observations VI-B B6
Pooled cross-section with non-overlapping observations VI-B B 8-B 9
Fixed-effects w ith non-overlapping observations VI-B B10-B11
Random-effects w ith non-overlapping observations VI-B B12-B33
Comparison of FE and RE with non-overlapping obs. VI-B B14
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a high degree of multicollinearity present within the set of contem poraneous regressors 

in the context of annual data, a restricted set of control variables—the natural gas price 

and the risk-free interest ra te—are included in configuration III.

The two configurations will first be estim ated w ith overlapping data, where the 

overlapping data issue is ignored, and then w ith non-overlapping data, where all LT 

FTRs valid, inclusively, from  Q3 of a particular year to Q2 of the subsequent year are 

used.

5.1. Overlapping observations

Given the overlapping nature of the data used for this com ponent of the analysis, it is 

anticipated the residuals associated w ith analysis that ignores this feature of the data 

will be autocorrelated. This is confirmed by application of W ooldridge's (2002) test for 

autocorrelation in panel data.126 Standard errors calculated w ithout consideration of 

this issue will be biased, underm ining inference draw n from the associated results. For 

this reason, the results as a base-case are merely noted and no attem pt is m ade to draw  

inference regarding m arket performance.

5.1.1. Pooled linear estimator with overlapping observations

Tables VI-B1 and VI-B2 report results associated w ith the estimation of the two 

regressor configurations w ith OLS using overlapping period, pooled cross-section panel 

data.

The estimates of (3, for configurations I and III respectively, are 0.764 and 0.809. Using 

Huber-W hite robust standard errors, the respective 95% confidence intervals range 

from 0.412 to 1.116 and from 0.503 to 1.116. Various econometric issues

126 See W ooldridge (2002), pp. 282-3, and Drukker (2003) for details regarding this test.
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notwithstanding, it can be concluded that (3 is statistically positive, thereby rejecting 

hypothesis B, but not different from 1, thereby failing to reject hypothesis C, for both 

configurations. Moreover, it can be concluded that the intercept differs from  0, though 

not with the same sign, for the two cases. As a result, the joint informational efficiency 

hypothesis is rejected for each case.

Of the two configurations, III appears to fit the data better than I: its adjusted R-square 

is higher, while AIC and BIC are lower. As well, the addition of the control variables 

appears to diminish the specification error suggested by the Linktest procedure 

regarding configuration I. As stated above, due to the unresolved autocorrelation issue, 

no attem pt is m ade to draw  inference from these results regarding LT FTR m arket 

performance.

5.1.2. Fixed- and random-effects estimator with overlapping observations

As with ST FTR data, LT FTR data are generated on different transmission paths and so 

it may not be appropriate to pool all data into a single cross-section. To that end, 

applications of standard fixed- and random-effects estim ators are considered, beginning 

w ith fixed effects.

Fixed-effects/LSDV estim ator w ith overlapping observations

Econometric results associated w ith the application of the standard fixed-effects 

estimator are reported in Tables VI-B3 and VI-B4. The contents of these tables broadly 

correspond to those reported in Tables VI-B1 and VI-B2.

The point estimates of (3 for the two configurations are 0.249 and 0.309, w ith associated 

95% Huber-White robust confidence intervals ranging from  -0.317 to 0.815 and -0.125 to

0.743, respectively. As a result, it can be concluded that (3 does not differ from 0, 

thereby failing to reject hypothesis B, while it is less than 1, thereby rejecting hypothesis
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C, for each configuration. The intercept in configuration I is positive and statistically 

significant while it does not differ from 0 for configuration III. Nevertheless, the joint 

informational efficiency hypothesis, hypothesis D, is rejected for both configurations.

Each of the configurations of regressors is jointly significant, as are both sets of fixed 

effects.

Random-effects estim ator w ith  overlapping observations

Results associated w ith application of the standard random-effects estim ator are 

reported in Tables VI-B5 and VI-B6.

The point estimates of (3 for the two configurations are 0.705 and 0.651, w ith confidence 

intervals ranging from 0.409 to 1.001 and 0.418 to 0.884, respectively. The estimate of |3 

is significantly greater than 0 for each configuration, while it is less than 1 for 

configuration III and nearly less than 1 for configuration I (and would be so at a 94% 

level of confidence). The intercept is statistically positive for configuration I, bu t does 

not differ from 0 for configuration III. Taken together, joint informational efficiency 

hypothesis, hypothesis D, can be rejected for each configuration.

Each set of regressors is statistically significant, as is each random-effect term.

Comparison of fixed- and random-effects approaches w ith  overlapping observations

The fixed-effects estim ator is always consistent. U nder a null hypothesis of no 

correlation between the random-effects and the regressors the random-effects estimator 

is consistent as well. The random-effects estim ator is preferred to the fixed-effects 

estimator as it is efficient. U nder the alternative hypothesis—where the random-effects 

terms are correlated with the regressors—the random-effects estimator is inconsistent 

and the fixed-effects estimator is preferred. The H ausm an test can be used to test the
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null hypothesis. This issue was discussed in greater detail in relation to the ST FTR 

analysis above.

Results of the Hausm an test are reported in Table VI-B7. For both  configurations the 

fixed-effects estimator is preferred.

5.2. Summary of results of panel data analysis of LT FTRs with overlapping 

observations

The analysis above suggested a preference for the fixed-effects approach over both the 

random-effects and pooled cross-section approaches. The general result of that 

analysis, as discussed above, is that |3 is less than 1 but not different from 0. Moreover, 

the intercept was found to either 0 or positive, depending on the regressor 

configuration. Overall, these results are inconsistent w ith a finding of either 

informational efficiency or forward m arket unbiasedness.

5.3. Non-overlapping observations

The simplest mechanism for avoiding the overlapping observations issue is to select the 

largest subset of observations that do not overlap. With annual data observed at a 

quarterly frequency, this would am ount to restricting the data set to every fourth 

observation on each transmission path. The analysis proceeds w ith data covering, 

inclusively, the period Q3 of each year to Q2 of the subsequent year.

5.3.1. Pooled linear estimator with non-overlapping observations

Tables VI-B8 and VI-B9 report results associated w ith the estim ation of the same two 

regressor configurations as above—I and III—w ith OLS using non-overlapping periods, 

pooled cross-section panel data. The four tables report, respectively, coefficient 

estimates and certain sum m ary statistics, various diagnostic tests, hypothesis test
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results, and 95% confidence intervals for the coefficients associated w ith the MCP. The 

estimates of (3, for configurations I and III respectively, are 0.845 and 0.847, w ith 

associated confidence intervals ranging from 0.152 to 1.538 and 0.258 to 1.435. As a 

result, it is concluded for both cases that [3 is statistically positive, thereby rejecting 

hypothesis B, but not different from 1, thereby failing to reject hypothesis C.

For configuration I the intercept is statistically negative, thereby rejecting hypothesis A, 

and w ith the results regarding (3, the joint informational efficiency hypothesis, 

hypothesis D, is also rejected.

For configuration III the intercept does not differ statistically from 0, thereby failing to 

reject hypothesis A, and w ith the results regarding [3, the joint informational efficiency 

hypothesis, hypothesis D, is also not rejected.

As reported in Table H13, while both sets of regressors are jointly statistically 

significant, adjusted R-square and AIC suggest that configuration III is preferred to I.

As well configuration III also appears to be a preferable specification.

5.3.2. Fixed- and random-effects estimator with non-overlapping observations

Given the num erous distinct transmission paths under consideration, pooling m ay not 

yield consistent econometric estimates. As a result, fixed- and random-effects 

estimators are considered as alternatives.

Fixed-effects/LSDV with  non-overlapping observations

Econometric results associated with application of the standard fixed-effects estim ator 

are presented in Tables VI-B10 and VI-B11. The contents of these tables broadly 

correspond to the contents of Tables VI-B8 and VI-B9.

While the set of all regressors is statistically significant for configuration III, the
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converse is true for configuration I. As a result, only configuration III considered 

further. Use of non-overlapping observations has ameliorated the autocorrelation issue, 

that is, a null hypothesis of no autocorrelation is not rejected by W ooldridge's (2002) 

test. Huber-W hite robust standard errors are calculated and used in the rem ainder of 

this analysis.

Notwithstanding the finding that the regressors are jointly statistically significant, the 

set of fixed effects themselves are not jointly statistically significant. Nevertheless, the 

point estimate of (3 for configuration III is 0.325, w ith an associated 95% confidence 

interval ranging from -0.624 to 1.273. While it cannot be concluded that (3 differs from 1, 

thereby failing to reject hypothesis C, it also cannot be concluded that (3 differs from 0, 

thereby failing to reject hypothesis B. However, at a lower level of confidence, say 90%, 

it would be concluded that (3 is less than 1 though still not different from 0. The 

intercept does not differ statistically from  0. Taken together, the joint informational 

efficiency hypothesis, hypothesis D, cannot be rejected. It should be noted that these 

results are dependent on the very large standard errors associated w ith the various 

coefficient estimates.

Random-effects estim ator w ith  non-overlapping observations

Results associated w ith application of the standard  random-effects estim ator are 

reported in Tables VI-B 12 and VI-B13. These tables report, respectively, coefficient 

estimates and certain sum m ary statistics, hypothesis test results, and 95% Huber-W hite 

robust confidence intervals.

The estimated standard error of the random-effects term  is 0 for each configuration. As 

a result, the random-effects estim ator degenerates into the pooled OLS estimator, and 

so the results reported in Tables VI-B12 and VI-B13 are equivalent to those reported in 

Tables VI-B10 and VI-B11. This result is confirmed by the Breusch-Pagan test of the
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significance of the random-effects term.

As discussed above, application of the pooled cross-section OLS estim ator—in which 

configuration III was preferred—did not suggest the rejection the joint informational 

efficiency hypothesis, hypothesis D.

Comparison of fixed- and random-effects approaches w ith  non-overlapping 

observations

Results of the applicable Hausm an test are reported in Table VI-B14. The fixed-effects 

estimator is preferred for both configurations, though it should be recalled that 

configuration III was preferred in the fixed-effects analysis itself.

5.3.3. Summary of results of panel data analysis of LT FTRs with non

overlapping observations

The analysis above suggested a preference for the fixed-effects approach over the 

random-effects approach, though the fixed-effects terms were not found to be jointly 

statistically significant in either configuration.

While the fixed-effects approach led us to not reject the joint informational efficiency 

hypothesis, it was not possible to conclude that (3 differed from either 0 or 1 at a 95% 

level of confidence. Thus, while there is some evidence in favour of a finding of 

informational efficiency, it is underm ined by the large m agnitude of the standard 

errors. Moreover, at a somewhat lower level of confidence, say 90%, these 

informational efficiency findings were rejected outright.

6. Conclusions

Analysis of the LT FTR market involved 15 distinct transm ission paths connecting 

Ontario with its neighbours. Averaged across all paths, a positive and statistically
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significant correlation betw een the MCP and payout was observed. While under formal 

econometric analysis the joint informational efficiency hypothesis was not rejected, large 

standard errors also resulted in the inability to conclude there was a non-zero 

relationship between the MCP and payout, thereby underm ining the above conclusion.

With respect to the two-round nature of LT FTR auctions, while it was determ ined that 

the second-round price was, on average, about $147 closer to the eventual payout than 

the first-round price, suggesting there are potential benefits associated w ith this auction 

structure, this value was not statistically significant. W ith respect to the various 

learning hypotheses, the evidence was mixed.

6.1. Future research

There are many potential directions for future research regarding FTRs.

For instance, w ith respect to the analysis of LT FTR markets a dynamic model 

specification could be adopted in an attem pt to ameliorate the impact of overlapping 

observations causing serial correlation. Such dynamic models require use of Arellano- 

Bond-type GMM estim ators that are meaningfully different from the techniques 

employed in this chapter.

As well, alternative panel data specifications could be estimated. For instance, there are 

time-invariant characteristics—such as im port/export intertie direction dum m y 

variables, Canada-specific intertie dum m y variables, or average number of auction 

bidders.

With respect to the analysis of ST FTR markets, better instruments would allow the 

endogeneity problem  to be better handled. This may help to reduce the large 

m agnitude of standard errors that limited the ability to draw  conclusions.
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It may also be useful to consider relaxing certain assum ptions regarding the behaviour 

of market participants, in particular, that they are risk neutral w hen this m ay not be the 

case.
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Chapter VII: Bidding in financial transmission rights auctions

1. Introduction

A financial transmission right (FTR) is a financial instrum ent that entitles its owner to 

receive a paym ent related to the degree of realised congestion on  a particular path  in 

the (physical) transmission system during a prescribed period of time. In the context of 

Ontario's electricity market, FTRs are available for 17 distinct transm ission paths that 

connect the province's electricity grid to its neighbours. FTR ownership is obtained by 

participation in auctions held by the transmission system operator, which in O ntario is 

known as the Independent Electricity System Operator (IESO). These auctions are held 

periodically—monthly in the case of short-term FTRs and quarterly in the case of 

(annual, overlapping) long-term FTRs—though not necessarily in every m onth or 

quarter. The auction m arket clearing price is the bid price of the lowest accepted bid. 

Given the overlapping nature of long-term FTRs, this type of FTR is not analysed here. 

Thus, the analysis focuses exclusively on short-term FTRs. A detailed description of 

FTRs, including the definition of congestion and the process by which it is m easured, is 

provided in section 2 of chapter V.

The intent of this chapter is to analyse the determ inants of the num ber of bidders that 

decide to participate in FTR auctions. An economic agent is defined to be a bidder if 

they bid for at least one FTR.127 The num ber of bidders is expected to be dependent 

upon the competitiveness of the relevant external market, the num ber of rights 

available for sale, recently observed levels of congestion, and various unobserved 

effects. It is expected that transmission lines connecting Ontario's m arket to 

competitive external markets are subject to more competition for capacity and, 

therefore, more competition in the associated FTR auction markets. Larger markets,

127 Bid prices must be strictly positive, i.e., at least $0.01, to be accepted.
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that is, larger num bers of available rights, are expected to induce more economic agents 

to contest the market. The level of recently observed congestion is expected to signal 

prospective bidders to the potential of the m arket. In particular, if there has been little 

recent congestion on a path, there are expected to be few economic agents that follow 

and are interested in FTRs for that path. As a result, there are fewer possible bidders at 

auction. If, on the other hand, there has been a significant am ount of congestion on a 

path, there are expected to be relatively m any economic agents that follow and are 

interested in the FTRs for that path (either to m ake profit or to hedge congestion 

risks).128

The issue of prices bid by these economic agents is not considered. Such issues are of a 

very different nature as they w ould require consideration of the factors that determine 

the level, i.e., prices and quantities, at which bids are made.

The num ber of bidders has a special characteristic that merits use of an econometric 

estimation technique designed for such data. The num ber of bidders in every FTR 

auction is, definitionally, a non-negative count variable. Since every FTR auction that 

has been held in Ontario has been contested by at least one bidder, the observed 

num ber of bidders is in fact a positive count variable. The standard techniques 

employed when the dependent variable is of this nature, aside from linear models, are 

the Poisson and negative binomial regression models. The m anner in which the 

num ber of bidders is dispersed renders the negative binomial regression m odel 

inapplicable. An alternative regression fram ew ork that admits this characteristic— 

based on the gamma distribution—is considered.

Evidence in support of the role of the external m arket as well as the num ber of rights

128 Put another way, few econom ic agents are expected to be concerned w ith constraints that rarely bind. 
It is the concern that a constraint may bind that should drive interest in the first instance.
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available is identified as impacting the num ber of bidders in the m anner expected. 

Evidence in favour of the role of previous congestion is lacking.

This chapter proceeds as follows. Section 2 reviews existing w ork that relates to 

bidding in the FTR market in Ontario. Given the count-nature of the data, a brief 

review of econometric modelling examples using count-data is also provided. Section 3 

provides a description of the economic issues of interest, including hypotheses to be 

tested and a priori expectations regarding the results. Section 4 discusses the available 

data. The econometric methodology employed is described in section 5. Model 

specification is also discussed in section 5. Empirical results and discussion thereof are 

presented in sections 6 and 7, respectively.

2. Literature review

Two classes of previous analysis are useful to review before proceeding to describe the 

methodology employed here: analyses of bidding in O ntario's FTR auction m arket and 

analyses of count data in non-electricity contexts. Each is considered in turn.

2.1. Bidding in Ontario's FTR auction market

Bidding in Ontario's FTR auction m arket has not been widely studied and appears not 

to have been subject to previous econometric analysis. The m ost extensive analysis 

conducted to date was reported in the August 2010 report of the M arket Surveillance 

Panel (MSP, August 2010). The data covered the period June 2002 to M arch 2010, a 

period of 94 m onths—the same time period considered in this chapter.

The MSP's analysis was statistical in nature. It reported that, on average since m arket 

opening, the num ber of bidders for FTRs valid on paths to and from Manitoba and 

Minnesota has averaged between 2 and 2.5. For paths to and from M ichigan and New 

York, the num ber has averaged approximately 4.
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The MSP documented a num ber of changes in the FTR m arket since m arket opening. 

With respect to bidders, the average num ber has increased on all export-oriented paths 

except one (the PQDA path), w ith an especially noticeable increase on the path  to 

Michigan. W ith respect to import-oriented paths, the num ber of bidders remained 

relatively stable, though not uniformly so. It was stated that the results are consistent 

with the general increase in export congestion that has appeared over the later years of 

the analysis (MSP, August 2010, p. 172).

These results suggest the importance of considering a methodological fram ework that 

allows for path-specific (including direction) effects, such as path-specific weights, in 

order to control for differences across external m arkets.

2.2. Count-data in other contexts

Count-data has been subject to extensive analysis in a variety of settings beyond 

electricity markets, m ost often using the Poisson regression m odel and/or the negative 

binomial regression model. It is useful to consider w hat is being counted, though this 

feature is far from the most im portant characteristic of the situations in  which these 

models have been applied.

In some cases, the count is of the num ber of instances in which an individual economic 

agent—a person, a household, or a firm —undertakes or experiences a particular action 

or state. For instance, Flausman, Hall, and Griliches (1984) count firms' annual patents 

filings as a result of undertaking research and developm ent activities. Gurm u and 

Trivedi (1996) count the num ber of recreational trips taken by boaters in a particular 

summer. Deb, Munkin, and Trivedi (2006) count the annual num ber of doctor visits 

m ade by insured and uninsured individuals. In each of these cases, the count is of the 

num ber of events experienced by an economic agent.
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motivations for these agents' perspective participation in the FTR market.

Recently observed congestion signals the agent about the value of the FTRs to their 

activities. For instance, low levels of recently observed congestion are expected to 

signal traders that congestion is of relatively little concern on the path. Independent of 

all other factors, this is expected to lessen interest in b idding for the FTRs and, 

therefore, the num ber of bids. On the other hand, high levels of recently observed 

congestion are expected to signal traders that congestion is of relatively high concern on 

the path. Independent of all other factors, this is expected to raise interest in bidding 

for the FTRs and, therefore, the num ber of bids.

With respect to modelling, there are at least two ways to measure congestion. First, 

congestion in a particular m onth can be m easured in dollars and would be calculated as 

the sum of the ICP over the hours within the m onth. This is the definition of the 

variable P ayoutt considered in chapter V. Second, congestion could be m easured as the 

proportion of hours in a m onth in which the transmission capacity constraint binds.

The latter measure is likely to be more economically sensible as it is definitionally 

bounded between 0  and 1 , inclusive, and is therefore less likely than the former 

measure to suffer from problems associated w ith small num bers of influential 

observations that may be idiosyncratic in nature, i.e., occasional very high payouts due 

to rare events in the electricity system. Moreover, it accounts for extent of time during 

which transmission capacity constraints bind —a key issue for traders and financial-only 

participants alike.

3.4. Deterministic variables

As described in section 2.1, previous analysis of O ntario 's FTR market suggests the 

importance of considering path-specific effects and/or time-specific effects. These are 

included as described in section 5.
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4. Data and descriptive statistics

This section describes various aspects of the data used in the following analysis.

4.1. Count of auctions

The study period extends over a 94 m onth range, beginning June 2002 and ending 

March 2010, inclusive. Note that this time period is a subset of the study period 

considered in relation to the assessment of the forward m arket unbiasedness hypothesis 

reported in chapters V and VI. The reason for this distinction is that auction m arket 

bidding data, the num ber of bidders in particular, is not available on an auction-by- 

auction basis beyond the 94 m onth range.

The dataset under analysis is comprised of 722 auctions of short-term  FTRs on 17 

distinct transmission paths. The num ber of auctions held in relation to each 

transmission path is reported in Table VII-1. The num ber of auctions ranges from a 

minimum of 3 on the im port and export paths from/to PQAT (as noted in chapter V, a 

recently constructed transmission path) to a m axim um  of 78 in the im port path  from

Table VII-1: Number of FTR auctions, by transmission path

Import Paths # of FTR Auctions Export Paths # of FTR Auctions

MBSI to ONZN 78 ONZN to MBSI 37
MISI to ONZN 62 ONZN to MISI 64

MNSI to ONZN 17 ONZN to MNSI 23
NYSI to ONZN 64 ONZN to NYSI 62
PQAT to ONZN 3 ONZN to PQAT 3
PQBE to ONZN 73 ONZN to PQDA 37
PQDA to ONZN 74 ONZN to PQHZ 35
PQDZ to ONZN 34
PQPC to ONZN 46
PQXY to ONZN 1 0

253



Figure VII-1: Frequency distribution of the number of bidders
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Manitoba. There are seven transmission paths on which there have been at least 60 FTR

auctions. The upshot of the data reported in the table is that the num ber of auctions

varies significantly across the transmission paths.

The num ber of bidders is an integer that ranges from 1 to 11, inclusive. This means that

there are no auctions that have been uncontested, i.e., no auctions w ith zero bidders. A

histogram illustrating the num ber of FTR auctions contested by  each num ber of bidders

in provided by Figure VII-1. The labels located at the top of each vertical bar indicate

the precise num ber of auctions contested by each num ber of bidders.

Table VII-2 reports summary statistics regarding the num ber of bidders. The m ean

number of bidders is 2.82, w ith a standard deviation and variance of 1.34 and 1.82,

respectively. The median num ber of bidders is 2. The relative values of the m ean and
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Table VII-2: Summary statistics of number of bidders

Statistic A ll auctions
Nature of external market

Competitive N on-competitive
Mean 2.82 3.85 2.39

Standard deviation 1.34 1.83 0.75

Variance 1.84 3.35 0.56

Skewness 2.19 1.29 0.87

Median 2 4 2

N 722 2 1 2 510

m edian are related to the data illustrated in Figure VII-1, which suggests that the 

num ber of bidders is not norm ally distributed, instead being right-skewed. Indeed, the 

skewness is 2.19.

4.2. Structure of external markets

As stated in section 3, consideration of the num ber of bidders as it relates to the 

structure of the external m arket is the most im portant of the economic relationships 

being considered in this chapter. Table VII-2 also reports summary statistics regarding 

the num ber of bidders for each type of external m arket structure. Of the 722 FTR 

auctions held during the study period, 212 of them  were for FTRs related to 

transmission paths connecting Ontario to neighbouring jurisdictions whose m arket 

structures were similar to Ontario's, while the rem aining 510 were otherw ise . 135 The

135 Recall that Michigan and Minnesota's com petitive w holesale electricity market (MISO) was established 
in 1 April 2005. FTR auctions on each path were held both before and after this date. Regarding import- 
oriented FTRs, there w ere 23 and 16, respectively, on the Michigan and Minnesota paths before MISO's 
market opening, and 39 and 1, respectively, after market opening. Regarding export-oriented FTRs, there 
were 25 and 16, respectively the Michigan and Minnesota paths before MISO's market opening, and 39 
and 7, respectively, after market opening. This distinction is accounted for in the data reported in-text 
and explains why the number of auctions, counted by external market structure, cannot sim ply be read- 
off Table VII-1.
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mean num ber of bidders in auctions where the external jurisdiction has a competitive 

wholesale market is 3.89. Otherwise, the m ean is 2.43. 136 Also, the num ber of bidders 

that participate in auctions where the external jurisdiction has a competitive wholesale 

market is more variable than otherwise . 137 The m ost striking difference betw een the two 

types of FTRs relates to the median, which is twice as high w here the external 

jurisdiction has a competitive wholesale m arket compared to otherwise, that is, 4 

compared to 2 .

While the evidence considered thus far is certainly not conclusive, prelim inary 

consideration of the impact of external m arket structure on O ntario 's FTR m arket 

suggests that this variable may control for a meaningful determ inant of the num ber of 

bidders that decide to participate. This corresponds to the expectations regarding this 

variable described in section 3.

4.3. Available FTRs

Another variable that is expected to be an im portant determ inant of the num ber of 

bidders in the auction market is the num ber of FTRs available for auction. In the 722 

auctions the occurred during the study period, the num ber of FTRs available for auction 

ranged from 1 to 1318 with a m ean of 197. These data are plotted in Figure VII-2. The 

figure also the linear prediction plot associated w ith regressing the num ber of bidders 

on the num ber of FTRs available and a constant. As the data reported in the footnote of 

the figure reveal, there is a statistically significant relationship betw een the two 

variables, with the num ber of available FTRs explaining nearly half of the variation of

136 A simple t-test (allowing for unequal variances) of the null hypothesis of the equality of these means 
against the general alternative can be rejected at greater than the 99% confidence level. In fact, p-value = 
0.0000.

137 A simple F-test of the null hypothesis of the equality of these variances (actually, the standard 
deviations), i.e., ratio = 1, against the general alternative can be rejected at greater than the 99% confidence 
level. In fact, p-value = 0.0000.
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In other cases, the count is of the num ber of instances in which distinct economic agents 

undertake a particular action or enter a particular state. King (1988) counts the num ber 

of members of the United States House of Representatives that changed political 

affiliations, by Congress, in the nineteenth century. D avutyan (1989) counts the num ber 

of bank failures annually in the United States. Both Berrebi and  Ostwald (2011) and 

Kis-Katos, Liebert, and Schulze (2011) count the num ber of terrorist incidents each year 

by country. Ichinose and Yamamoto (2011) count the num ber of instances of illegal 

dum ping of toxic material annually in Japan (they also estim ate this num ber based 

upon reported events). In each of these cases, the count is of the num ber of economic 

agents that experienced an event.

A count of the num ber of bidders contesting an FTR auction in Ontario is similar to the 

latter cases.

3. Economic issues of interest

The num ber of bidders that contest an FTR auction for a particular pa th  is expected to 

be based on the underlying economic characteristics associated with the path. The 

characteristics that are useful at explaining the variation of the num ber of bidders across 

paths and/or time m ust vary across paths and/or time. The purpose of this section is to 

provide a description of a num ber of these, including a discussion of their hypothesised 

impact on the num ber of bidders.

It is expected, in general terms, that the num ber of bidders that decide to contest a 

particular FTR auction depends on the nature of the external market, the num ber of 

rights available for purchase, recently observed levels of congestion, and unobserved 

path and time period effects. Each of these is discussed in turn.
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3.1. Structure of external market

All transmission paths under consideration are associated w ith interties that connect 

Ontario's electricity market to that of a neighbour and allow for electricity to either be 

exported from or im ported to Ontario (or both, bu t not contemporaneously). As 

described in chapter V, the structure of the m arket on the Ontario side of each 

transmission path is the same, a fact sum m arised by common m arket rules and the 

uniformity of the Ontario wholesale m arket clearing price across all transmission paths. 

However, the structures of the external m arkets are heterogeneous across paths and 

time. This is one potential source of variation of the num ber of bidders across FTR 

auctions.

External markets can be classified into two broad categories based on their structure. 

First, there are markets similar to Ontario in the sense that they also have competitive 

wholesale markets as well as open and transparent transmission capacity allocation 

mechanisms. This category includes the paths to and from New  York for the whole 

study period, and the paths to and from Michigan and Minnesota beginning w ith April 

2005.129 Second, there are m arkets dis-similar to Ontario in the sense that they lack 

either a competitive wholesale m arket or an open and transparent transmission capacity 

allocation mechanism (or both). This category includes the paths to and from Manitoba 

and Quebec for the whole study period, and the paths to and from Michigan and

129 A competitive regional electricity market w as established by the M idwest Independent System  
Operator (MISO) on 1 April 2005 encom passing 10 states in the United States, namely: Illinois, Indiana, 
Iowa, Michigan, Minnesota, Missouri, Montana, North Dakota, South Dakota, and W isconsin. A 
reliability coordination area is operated by the MISO that includes these 10 states as w ell as the Province 
of Manitoba, i.e., Manitoba does not participate in the electricity markets administered by the MISO. See 
M idwest Independent System Operator (undated, a) and (undated, b) for an overview of MISO's 
operations and history, respectively.
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Minnesota ending March 2005. Thus, the two categories are m utually exclusive . 130

The relevant issue is whether this characteristic w ould result in variation of the num ber 

of bidders in FTR auctions and why. It is expected that there w ould be systematically 

fewer bidders for FTRs associated w ith transm ission paths w here the external m arket 

structure differs materially from Ontario's, i.e., no competitive wholesale m arket or 

open-access transmission system. In other words, it is expected that there w ould be 

systematically more bidders for FTRs associated w ith transmission paths that connect 

Ontario to similarly structured wholesale markets. There are several reasons for this.

First, in certain cases—Manitoba and Quebec in particular—the structure of the external 

m arket takes the form of a vertically integrated, provincially-owned, crown corporation 

that centrally manages its own transmission system, including dispatching local 

generation and inter-jurisdictional trade. Due to the am ount of control these operators 

have over the scheduling inter-jurisdictional trade, they also have a significant am ount 

of control over the level of congestion and the corresponding payout that prevails . 131 

That is, the external market operator can be thought of as exercising m arket pow er in 

relation to the intertie connecting their m arket to Ontario's. Since this pow er can be 

exercised unilaterally, participants in O ntario 's electricity m arket have good reason to 

be hesitant about bidding for FTRs on such transm ission paths.

It is useful to consider how an external m arket's vertically integrated m onopoly is able 

to exert its market power. Let Manitoba be the external m arket in question. Suppose 

that the transmission path from Ontario to Manitoba was (export) congested. There 

would be a price wedge between the uniform  Ontario wholesale m arket clearing price 

and the external zone price equal to the in ter tie congestion price (ICP). Reflecting the

130 These markets may be materially different or similar in other respects. Such issues are beyond the 
scope of this analysis.
131 See chapter V for detailed definitions of all of these terms, as well as a numerical example.
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purpose of the ICP as a mechanism to ration scarce transmission capacity and allocate it 

to its highest value uses, the ICP would be positive in order that some fraction of the 

exports that would have otherwise flowed from Ontario to M anitoba at the uniform  

Ontario wholesale market clearing price do not flow. As a result, exporters w ould have 

to pay both the wholesale m arket clearing price and the ICP . 132 The exporter would 

have to charge at least that m uch to its customer in Manitoba, i.e., Manitoba Hydro, in 

order to at least break even. Clearly M anitoba H ydro could pay less if there was less 

congestion and, indeed, it could act as its ow n trader . 133 Since, as described above, it can 

exercise pow er over its own transmission system, it can limit the am ount of congestion 

that is realised . 134 It is in this sense that M anitoba H ydro would be exercising the 

market power it has on the Ontario to Manitoba transmission path: it provides all of the 

demand for exports that exporters on that intertie face. Thus, facing a vertically 

integrated external m arket monopolist should reduce the rate of participation by 

bidders in the associated FTR auctions.

Second, in other cases—such as Michigan (part of MISO's marketplace) during the 

period beginning w ith m arket opening in May 2002 and concluding in M arch 2005 — the 

structure of the external m arket takes the form of an open-access transmission system 

without a competitive wholesale market. The absence of a competitive wholesale 

m arket m eans that generation dispatch instructions, including inter-jurisdictional trades 

cannot be driven by price signals em anating from a spot market. Since the principal 

economic factor that drives inter-jurisdictional trade of electricity is relative prices, the

132 To hedge itself against this uncertainty, the exporter might decide to purchase the relevant FTR.
133 Both Manitoba Hydro and Hydro Quebec have trading units that are active in Ontario's electricity 
market.
134 This does not mean that the external system operator can exert absolute control over transmission  
system congestion. For instance, the amount of electricity that can safely be transmitted over a particular 
transmission line can change with little notice for a variety of technical reasons, e.g., an equipment outage. 
This can lead to unforeseen congestion that market participants may want to either hedge or try to 
outright profit from.
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lack of a competitive wholesale m arket is expected to be associated w ith a less dynamic 

trading relationship. Consequently, fewer traders are expected to w ant to hold the 

associated FTRs, in particular as hedges, thereby reducing the rate of participation by 

bidders in the associated FTR auctions.

Taken together, it is anticipated that there would be fewer m arket participants who 

would want to hold FTRs associated w ith transm ission paths connecting O ntario 's 

electricity system to substantially different neighbouring systems than otherwise. 

Because it reflects a fundam ental economic distinction betw een m arket designs, this is 

the most im portant explanatory variable under consideration.

3.2. Number of FTRs available

The num ber of FTRs available for sale in each auction is know n in advance of the 

auction itself. This num ber is related to the physical capacity of the transmission 

infrastructure. Since more electricity can flow over transmission lines w ith greater 

capacity, a given difference in prices betw een Ontario and an external m arket can result 

in greater electricity flow than feasible w ith less transmission capacity. Likewise, the 

greater is the num ber of transactions that can be accommodated on the path.

Greater electricity flows and/or transaction num bers m ean that there are potentially 

more firms concerned with hedging the uncertainty associated with uncertain 

congestion. The greater the num ber of FTRs available for sale is, therefore, expected to 

increase the rate of participation by bidders in the associated FTR auctions.

3.3. Previously observed congestion

For inter-jurisdictional traders of electricity, the uncertainty associated w ith congestion 

is a significant concern as it constitutes an uncertain cost; for financial-only economic 

agents, congestion represents a potential source of income. This is one of the principle
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Figure VII-2: Available FTRs and number of bidders
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Table VII-3: Average number of FTRs available at auction

Import Paths
Average # 
Available Export Paths Average # 

Available
MBSI to ONZN 57 ONZN to MBSI 52
MISI to ONZN 343 ONZN to MISI 392
MNSI to ONZN 42 ONZN to MNSI 63
NYSI to ONZN 525 ONZN to NYSI 469
PQAT to ONZN 155 ONZN to PQAT 284
PQBE to ONZN 167 ONZN to PQDA 72
PQDA to ONZN 48 ONZN to PQHZ 27
PQDZ to ONZN 29
PQPC to ONZN 67
PQXY to ONZN 16
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number of bidders.

Table VII-3 reports, on a path-by-path basis, the average num ber of FTRs available for 

auction. It is clear that certain paths tend to have m any more FTRs available, in 

particular, the paths to and from Michigan, N ew  York, and Quebec AT . 138 W ith respect 

to those paths connecting Ontario to a neighbour w ith a competitive wholesale market, 

the average num ber of FTRs available is 443. For all other paths, the average is 95.

These results both indicate the importance of including this variable in the model and 

confirm the expected effect described in section 3, namely that greater num bers of 

available FTRs will increase the num ber of b idders in the associated auctions. As well, 

the results suggest the possible impact of om itting this variable. The data  report that 

the paths with the most FTRs are the paths to and from New York. N ew  York is also 

the only external m arket that opened its wholesale m arket before Ontario. As a result, 

failing to account for the num ber of FTRs available at auction is likely to cause the size 

of the coefficient associated w ith the m arket structure dum m y variable to be biased 

upward. In other words, the part of the relatively high num ber of b idders for New 

York-related FTRs that is due the relatively large num ber of FTRs available would be 

captured by the m arket structure variable if the num ber of available FTRs were omitted 

from the model.

4.4. Previously observed congestion

In section 3 it was stated that the num ber of bidders that contest a particular FTR 

auction is expected to be increasing in previously observed congestion. Moreover, two 

measures of previously observed congestion w ere proposed (with the second being 

preferred): the lag of payout and the lag of the proportion of hours in which the

138 Recall that the Quebec AT transmission path is relatively new, with only 3 FTR auctions having been 
held for each direction of the transmission path (Table VII-1).
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Figure VII-3: First and second lag of payout and number of bidders139

CO
o5 a> - •o 

*g CQ r- -
•  •
•  •  •  •

•  •

_ i i i--------------------------------1--------------------------------1--------------------------------1-------------------------------- 1--------------------------------v
0 5000 10000 15000 20000 25000 30000 35000

First Lag of Payout 
(coef = 0.0000092, t = 0.39, N = 722, R2 = 0.0002)

tn
q5 0> ■o 12 

CD

(D lO  
.Q
E
=> COz • •

_ i i i--------------------------------1--------------------------------1-------------------------------- 1-------------------------------- 1-------------------------------- r~

0 5000 10000 15000 20000 25000 30000 35000
Second Lag of Payout 

(coef = 0.0000084, t = 0.39, N = 722, R2 = 0.0002)

transmission path was congested. Data regarding the first two lags of the form er are 

plotted in Figure VII-3, while data regarding the first two lags of the latter are plotted in 

Figure VIM .

Note that the num ber of observations plotted is 722—the num ber of auctions in the data 

set—for both the first and second lags of both the payout and the proportion of hours 

congested. The reason that observations are not lost as a result of using lags is that both 

the payout and the proportion of hours congested are physical properties of the

139 The loss of observations associated with lagging the data occurs for the same reason as discussed in 
chapter V. In short, because FTR auctions are not held every month, each lagging operation causes the 
loss of one observation for each gap.

259



transmission and are, therefore, observed regardless of whether an FTR auction has 

been held.

It is clear from Figure VII-3 that neither of the first two lags of FTR payout are 

statistically meaningful explanatory variables of the num ber of bidders. In other words, 

the num ber of bidders in the auction m arket does not seem to be related to lagged 

congestion m easured in dollars. It is clear from the figure that there are a num ber of 

outlying observations, about 1 % of all observations, which m ay be distorting the 

relationship between lagged congestion and the num ber of bidders. The conclusion 

about the relationship, however, is not altered by either a logarithmic transform ation of 

the lag of payout or the removal of the influential observations . 140 As described in 

section 3, a positive relationship was expected.

The data plotted in Figure VII-4 suggest a positive relationship between the num ber of 

bidders and the first two lags of congestion m easured as a proportion of hours in which 

the relevant path was congested. This is the positive result expected from section 3.

Since the purpose of this variable's inclusion in the m odel is to control for the role of 

previously observed congestion in determ ining the num ber of economic agents 

interested in the FTR auction market, the proportional m easure of congestion is adopted 

as the m easure of choice. See section 3.3 for a m ore extensive explanation.

140 Implementing a logarithmic transformation requires that payouts observed to be zero must be dealt 
with systematically as the natural logarithm of zero is undefined. A variety of rules could be adopted. 
First, the observations with a zero payout could be dropped, but this w ould induce serious bias in any 
resulting analysis. Second, payouts of zero dollars could be converted to a small number, say $0.01, so 
that the natural logarithm could be taken w ithout issue. Third, a dummy variable could be defined for 
the observations w ith a zero payout. N one of these rules result in a different conclusion being drawn 
with respect to the relationship between the payout and the number of bidders. These issues are not 
pursued at length because this particular measure of congestion is not adopted in the analysis reported in 
this chapter.
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Figure VII-4: First and second lag of proportion of hours congested and number of bidders
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5. M ethodology

This chapter is interested in assessing the population regression function E[bidders\X], 

where X  is a set of explanatory variables. There are a variety of econometric m ethods 

available to facilitate this undertaking. The simplest m ethod is use of the OLS estimator 

taking either the num ber of bidders or its logarithmic transform ation as the dependent 

variable. This method, including its short-comings in the event that the dependent 

variable is a non-negative count variable, is discussed in section 5.1. The standard 

method for modelling count d a ta—the Poisson regression m odel—including issues 

regarding its application and the process by which these issues can be dealt with, is 

discussed in section 5.2. Specification of X  is also discussed in this section. Section 5.3
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discusses a selection of alternatives to use of the Poisson distribution in the event that 

the dependent variable is a count variable.

5.1. OLS regression

The simplest m ethod available to model the conditional expectation stated above is as a 

linear relationship, i.e., E [bidders |X] = Xf$. Such a m odel can easily be estim ated by 

OLS. The param eter estimates can be interpreted in the usual fashion. The im portant 

issue here is its applicability to modelling circumstances where the dependent variable 

is a count variable. Critically, since the num ber of bidders is definitionally restricted to 

be a non-negative integer, the conditional expectation of the num ber of bidders given X  

should, at the very least, not be negative. Under a presum ed linear relationship, 

however, there is no guarantee that the predicted num ber of bidders will be non

negative. As a result, application of OLS when the dependent variable is a count 

variable is conceptually equivalent to application of OLS to other circumstances in 

which the dependent variable is of a limited dependent nature, e.g., use of the linear 

probability model w ith a binary dependent variable. In particular, econometric 

m ethods exist that expressly deal w ith count data.

Before discussing the m ost widely applied of these—the Poisson regression m odel—it is 

worth noting that if the dependent count variable is strictly greater than 0 , i.e., has a 

m inim um  of 1 , a common alternative to is to transform the dependent variable by 

taking its natural logarithm. The interpretation of the estim ated coefficients changes as 

a result. In particular, it w ould be said that the dependent variable changes by the 

coefficient estimate m ultiplied by 1 0 0  percent for a one unit increase in the level of the 

independent variable, holding all other variables in the model constant. See 

W ooldridge (2 0 0 2 , p. 645) for additional detail regarding the application of this method.

Given the drawbacks associated w ith these linear methods, the related estimates are not
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reported here.

5.2. Poisson regression and parameterisation

The most common econometric fram ework by which count data  models are estimated is 

the Poisson regression model, estimated by m axim um  likelihood. The Poisson 

distribution itself is described first, and is followed by a discussion of how  it can be 

used to parameterise the conditional mean.

5.2.1. Poisson distribution

A random  variable Y  is Poisson distributed w ith param eter A if it takes on integer 

values y = 0,1, 2, 3,... w ith probability

respectively. Equation (VII-2) illustrates one of the m ost im portant characteristics of the 

Poisson distribution: the m ean and variance are equal, a property  referred to as 

equidispersion. For additional detail, see Cam eron and Trivedi (2005, p .6 6 8 ) among 

many other references. The ability to param eterise A while also satisfying A > 0 is w hat 

makes use of the Poisson distribution attractive from an econometric modelling 

perspective. These issues are discussed in the next section.

where y! is y-factorial and A > 0. The first and second m om ents of the Poisson 

distribution are

E(Y) = A

and (VII-2)

V(Y) = A
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5.2.2. Estimation method

The econometric model, specified in the next section, is estim ated w ith the Poisson 

quasi-maximum likelihood (PQML) estimator described by W ooldridge (1999 and 

2002). This estimator is chosen because it generates consistent estim ates under the lone 

assum ption that the conditional mean is correctly specified. In particular, the estim ator 

is robust to departures from the equidispersion property associated w ith the Poisson 

distribution, equation (VII-2) . 141 Thus, the conditional distribution of the num ber of 

bidders in FTR markets need not be precisely Poisson distributed for the estim ator to be 

applied. Robustness to departures from this property of the Poisson distribution is 

im portant because, as reported in Table VII-2, there is some evidence that the num ber of 

bidders in FTRs auctions is underdispersed, leading to concerns that the standard errors 

may be biased.

The data can be weighted on a path-specific basis so as to account for the data being 

observed in relation to 17 distinct transmission paths. In section 6 , estim ates are 

reported both without and w ith path-specific weighting. W hen path-specific weights 

are excluded, the result is that the data are pooled. For the technical process used to 

derive the PQML estimates w ith path-specific weights, see Simcoe (2007).142

5.2.3. Param eterisation

The conditional probability density function used for the Poisson regression m odel is 

given by

p -A i t  b idd ers^
f  (bidder s it\Xit,path i)  = — —  (VII-3)

141 In fact, the standard errors estimated by the Poisson quasi-maximum likelihood estimator are robust to 
both underdispersion and overdispersion, both arbitrary heteroskedasticity and autocorrelation, and 
clustering. See Wooldridge (1999) for additional detail.
142 Implementation of this method is not a standard feature in Stata 11.
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where i indexes the 17 distinct transmission paths under consideration and t indexes the 

94 months of the study period. Thus, biddersit is the num ber of distinct economic 

agents that contest the auction for FTRs valid for path i and m onth t, p a th t is a dum m y 

variable for path  i, and X it is the set of data regarding explanatory variables other than 

the path-specific dum m y variables (including a full set of time period dum m y variables 

as per W ooldridge (2002, p. 672)). The term  Ait is the conditional mean of the num ber of 

bidders in the auction for FTRs valid for path  i in m onth t and is assumed to be

Ait = E[biddersit\Xit,pathi] = pathi * exp[Xitfi) (VII-4)

where

X nP  = fio+ pxm arketit + (32availableit

+ 8xcongestioni t - x + S2congestion i t - 2 + E t= ? 4  dtm o n t^ t  (VII-5)

where m a rk e t it is a dum m y variable indicating the nature of the external m arket 

associated w ith path  i during m onth t (equal to 1  if the external jurisdiction has a 

competitive wholesale m arket and an open transmission system and 0  otherwise), 

availableit is the num ber of FTRs available for auction and valid on path  i in m onth t, 

congestioni t ^j  is the jth lag of the congestion m easure (j = 1 , 2 ), and m o n th t is a dum m y 

variable for FTRs valid in m onth t.

These variables, w ith the exception of the path- and time-effects, are described in 

greater detail in section 4. With respect to the path- and time-specific effects, inclusion 

can help to ameliorate concerns regarding possible omitted variable bias. In particular, 

path-specific weights control for distinct path  characteristics such as average 

transmission path  capacity and geographic location. Time-specific effects control for 

intertem poral characteristics that im pact all transmission paths such as introduction of 

Ontario's program m e of generation procurem ent (and its related wholesale market
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impact as described in chapters II, III, and IV), the regional pow er system  problem s 

experienced in the sum m er of 2003, and macroeconomic cycles.

To allow for the impact of information regarding the FTR m arket to affect the num ber 

of bidders that decide to contest an FTR auction, two lags of the measure of congestion 

that bidders are anticipated to respond to are included in the model.

Taken together, it is argued that these variables explain a significant portion of the 

variation of the num ber of bidders that decide to contest the auction for FTRs valid on 

path i during m onth t.

5.2.4. Interpretation of estimates

A few additional points regarding the interpretation of the results related to the Poisson 

regression model m erit mentioning. First, the signs of the reported coefficients can be 

interpreted in a m anner analogous to those related to OLS results: a positive sign 

indicates that an increase of an independent regressor increases the num ber of bidders 

in the relevant FTR auction.

The marginal effect cannot, however, be interpreted analogously. To find the marginal 

effect of a change of the kth independent regressor, differentiate equation (VII-4) w ith 

respect to xk to get

= path, .  f t  .  exp(Jr(t«  (VIM)dxk

Recall that pathi is the path-specific weight. Clearly the m arginal effect is not invariant 

to the data, X it. Thus, a rule m ust be adopted in order to report meaningful results.

The standard approach is to consider the average change of the num ber of b idders as 

the kth independent variable changes. All other things equal, Cameron and Trivedi 

(2005, p. 669) show that for the Poisson regression model, this effect is fikbidders, where
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fik is the estimated coefficient and bidders  is the average num ber of bidders in FTR 

auction markets.

One im portant corollary relates to the interpretation of the relative m arginal effects of 

different regressors. If, say, = 2/?2, then all other things equal a particular change in 

x 1 will have twice the impact on the num ber of bidders in FTR markets as the same 

change in x2.

An alternative presentation of the estimation results is in the form of incidence-rate 

ratios (IRR). IRRs are interpreted as the proportional change of the dependent count 

variable that results from a one-unit change of the associated explanatory variable . 143 

For instance, if the IRR associated w ith the m a r k e t it dum m y variable is, say, 1.1, then 

the results can be interpreted (assuming the value is statistically significant) as 

suggesting that the num ber of bidders that contest FTR auctions associated w ith 

competitive external m arkets is 1 . 1  times (1 0 % greater than) the number that contest 

other FTR auctions. In this case, a one-unit change of the variable constitutes the 

difference between the two possible external m arket states.

5.3. Alternatives to Poisson regression

Two alternatives to use of the Poisson regression m odel are discussed in the following 

sections. They are the negative binomial regression model and the gamma regression 

model.

5.3.1. Negative binomial regression

A common alternative to the Poisson regression model that appears in the literature, 

including in a num ber of the analyses discussed in the literature review, is the negative

143 A good discussion of IRRs, including their derivation, is provided in the Stata reference manual, 
StataCorp (2009).
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binomial regression model. Details regarding this regression model are not provided 

here. Instead, readers are referred to Cameron and Trivedi (2005, p. 675) for details.

The reason for omitting this discussion relates to the inapplicability of this m odel to the 

data under analysis for all but one purpose.

The first two moments of the negative binomial distribution are

E{y\X,a) = A

and (VII-7)

V(y\X, a) = A(1 + aA) = A + a A2

respectively. See Cameron and Trivedi (2005, p. 676). Note that a > 0 by definition of 

the distribution. Note as well that A > 0 because the m ean of a non-negative count 

variable m ust be positive as long as the count observations are not all zeros. The 

definitional restriction of a  implies that the variance exceeds the mean. In other words, 

the negative binomial distribution assumes the underlying data  to be over dispersed.

Use of the negative binomial regression model requires that the param eter a  from 

equation (VII-7) be estimated. This param eter can be thought of as a m easure of 

overdispersion since it is the critical link betw een the distribution's m ean and variance. 

In particular, a relatively large value of a  indicates a relatively large degree of 

overdispersion, while a relatively low value indicates a relatively small degree of 

overdispersion. Thus, as stated above, the negative binomial regression model cannot 

accommodate a count variable that is underdispersed. Recall that, as reported in Table 

VII-2, the num ber of num ber of bidders in FTR auctions is slightly under dispersed.

Notwithstanding the apparent underdispersion of the dependent variable, it rem ains an 

open question whether this feature of the data can be dealt w ith by the param eterisation
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described in the previous section. Application of the negative binomial regression 

model to the data set can be used as a test of whether this is the case or not. In 

particular, if the data are underdispersed then application of the maximum likelihood 

estimation technique necessary to solve the negative binomial regression m odel will 

result in the lowest value of the overdispersion param eter being selected. In other 

words, the param eter a  will converge to zero as the m axim um  likelihood technique 

iterates, w ith convergence ultim ately not being achieved. In fact, standard regression 

packages, such as Stata 11, will report estimates identical to those associated w ith the 

Poisson regression model. This is not surprising since the Poisson distribution is the 

limiting distribution of the negative binomial distribution as a  -> 0. See, e.g., Ross 

(1988), for additional detail regarding the relationship betw een the Poisson and 

negative binomial distributions . 144 Such results strongly suggest, at the very least, the 

absence of overdispersion in the dependent variable.

This is the result found in relation to the num ber of bidders in Ontario's FTR auction 

market. As a result, the estimates themselves are not reported.

5.3.2. Gamma regression m odel

The gamma regression model, despite certain short-comings, is another alternative to 

the Poisson regression model that is available for use w hen the dependent variable is 

both a count variable and under dispersed. It use in such situations was proposed by 

Hardin and Hilbe (2001) and Hilbe (2005).

Suppose a random  variable y  is gamma distributed w ith param eters a  and /?. Its 

density is

144 As well, the standard chi-square likelihood ratio test of overdispersion {H0\ a = 0 against Ha:a> 0) 
that is typically conducted in association with estimation of the negative binomial regression w ill be 
reported as a chi square equals 0 w ith a p-value of 1.000.

269



fir, <*.« = T ^ y “~le~yH1 (vn-8)

where y  > 0, a > 0, /? > 0, and r(a) = (a  -  1)!. The expectation (mean) of the gamma 

distribution is a ft and the variance is a / ? 2 = (a/?)/?. The param eter /? is a scaling 

param eter. Note how its value links the m ean and the variance together, i.e., the 

variance is /? times the mean.

While the continuous nature of the distribution is a draw back relative to use of the 

Poisson or negative binomial distributions w hen the dependent variable is a count, it is 

able to directly accommodate underdispersed data unlike either of them. This is 

evident from the representations of the m ean and variance above. There is no 

requirement that the latter be greater than the former, i.e., 0  < /? < 1  is perm itted. 

Application of this distribution in a regression context allows for explicit testing for 

underdispersion or, indeed, overdispersion.

Also, note that in equation (VII-8 ), y > 0. This indicates that the gamma distribution is 

defined for positive values of y, i.e., undefined for non-positive values of y. This differs 

from the Poisson distribution, which, in particular, is defined at y = 0. In general, use 

of the gamma distribution can be problematic for count data if the counts are 

perm itted/observed to be zero. However, as noted in section 4.1, all FTR auctions that 

have been held in Ontario have been contested by at least one bidder, suggesting that 

this issue is not of great concern in this context.

The m ean is param eterised in a m anner broadly analogous to use of the Poisson 

distribution. Underdispersion is accounted for by selection of the scaling param eter, /?. 

Hilbe (2005) provides the program m ing code necessary to estimate the m odel in Stata.
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6. Empirical results and discussion

6.1. Empirical results

Table VII-4 reports econometric results associated w ith estim ation of the m odel 

specified above. Results associated w ith the pooled Poisson, weighted Poisson, and 

weighted gamma estimators are reported. Due to underdispersed nature of the num ber 

of bidders, results associated with the negative binomial estim ator are omitted. In each 

case, the model is estimated w ithout—specification (1 ) —and w ith —specification (2 ) — 

the lags of congestion. All specifications include time-specific dum m y variables, the 

coefficients related to which are omitted. The notes associated w ith the table provide 

additional detail regarding its contents.

Using the results reported in Table VII-4, marginal effects and incidence-rate ratios 

(IRR, for the market variable only) are constructed for each combination of specification 

and estimation technique. These are reported in Table VII-5. The notes associated with 

the table for additional detail regarding its contents.

All estimation results were generated using Stata 11.
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Table VIM: Econometric estimation results

Pooled Poisson Pooled Gamma W eighted Poisson W eighted Gamma
Variable (1) (2) (1) (2) (1) (2) (1) (2)

M arket
0.183 0.164 0.171 0.157 0.147 0.148 0.145 0.143

(0.039)**** (0.039)**** (0.036)**** (0.036)**** (0.072)** (0.072)**** (0.053)**** (0.053)****

Available
0.715 0.724 0.764 0.766 0.639 0.639 0.692 0.687

(0.077)**** (0.075)**** (0.068)**** (0.068)**** (0.094)**** (0.098)**** (0.080)**** (0.080)****

Ll.Congestion —
-0.379
(0.289)

—
-0.275
(0.255)

—
-0.555
(0.362)

—
-0.424

(0.242)*

L2. Congestion —
0.797

(0.304)**** —
0.578

(0.245)*** —
0.535

(0.281)* —
0.293

(0.232)

Constant
0.699 0.694 1.226 1.225 1.063 1.048 1.589 1.589

(0.096)**** (0.095)**** (0.285)**** (0.283)**** (0.095)**** (0.097)**** (0.310)**** (0.310)****

Dispersion — —
0.081

(0.004)****
0.080

(0.004)****
— —

0.069
(0.004)****

0.068
(0.004)****

log(L) -1115.2 -1113.6 -809.0 -805.8 -1047.8 -1047.1 -748.9 -747.4
Wald 339.6 365.6 420.6 430.8 160.7 161.5 83.2 86.8

chi-square (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000) (0.0000)

Pearson GOF 170.4 166.4 172.0 168.4 140.3 138.7 142.5 141.2
(1.0000) (1.0000) (1.0000) (1.0000) (1.0000) (1.0000) (1.0000) (1.0000)

AIC 2414.5 2415.2 1804.1 1801.7 2417.9 2420.4 1715.9 1716.8
N 722 722 722 722 722 722 722 722

Notes: Coefficient estimates related to each model are reported in the table, not marginal effects or incidence-rate ratios.
The available and congestion variables are measured in thousands of units and thousands of dollars, respectively. 
Standard errors are in parentheses: robust for the pooled Poisson model and PQML (Wooldridge, 1999) for the weighted 
Poisson model. Time period dummy variables are included in each specification but are excluded from the results. "—" 
indicates that a variable/value is not included in/relevant to the appropriate specification. The dispersion parameter 

related to the gamma model and is reported with its standard error. The reported test of significance is of the null
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hypothesis that the dispersion parameter equal unity against the general alternative. The Wald chi-square statistic, 
reported with its associated p-value, test the joint significance of the explanatory variables described. Pearson GOF is the 
Pearson chi-square goodness-of-fit test statistic. Estimates from the negative binomial model are omitted: 
underdispersion implies that they are the same as those from the Poisson model. Asterisks indicate the level of 
significance: * 10%, ** 5%, *** 1%, and **** 0.1%.

Table VII-5: Marginal effects and incidence-rate ratios

Pooled Poisson Pooled Gamma Weighted Poisson Weighted Gamma
Variable (1 ) (2 ) (1 ) (2 ) (1 ) (2 ) (1 ) (2 )

Marginal effects
Market 0.490**** 0.440**** 0.458**** 0.421**** 0.392** 0.393**** 0.386**** 0.380****

Available 1.916**** 1.940**** 2.048**** 2.053**** 1.700**** 1.670**** 1.840**** 1 827****
Ll.Congestion — -1.016* — -0.7371 — -1.476* — -1.128*
L2.Congestion — 2.134**** — 1.549*** — 1.423* — 0.779 i

Incidence-rate ratios
Market 1 .2 0 1 **** 1.179**** 1.187**** 1.170**** 1.158** 1.159**** 1.156**** 1.154****

Notes: Results are based on Table VII-4. The available and congestion variables are measured in thousands of units and 

thousands of dollars, respectively. Standard errors are omitted, but significance is exactly the same as in Table VII-4. 
Levels of statistical significance are repeated for emphasis and are unchanged from Table VII-4. In the case of IRRs, the 
reported test of significance is of the null hypothesis that the reported coefficient estimate equals unity against the general 
alternative. "—" indicates that a variable/value is not included in/relevant to the appropriate specification. Asterisks 
indicate the level of significance: * 10%, ** 5%, *** 1%, and **** 0.1%. Also, f  indicates the absence of statistical significance 
at the 1 0 % level.
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6.2. Discussion

Given its ability to explicitly m odel count data, the results associated w ith the Poisson 

model are considered first. W ith pooled data, in specification (1) where the lags of 

congestion are omitted, the variables that control for the nature of the external m arket 

(called "Market" in the results tables) and the num ber of FTRs available at auction 

(called "Available" in the results tables) both have the anticipated sign and are 

statistically significant. In particular, the marginal effects associated w ith the two 

variables are approximately 0.49 and 1.92, respectively. These results imply that there 

are, on average, 0.49 more bidders in FTR auction m arkets w here the right being 

auctioned is associated w ith an external market that is competitive in nature than 

otherwise. Thus, there are approxim ately 0.49 more bidders on the paths to and from 

New York (since O ntario's m arket opening in 2002) and Michigan and Minnesota (since 

market opening there in 2005). Alternatively, these results can be interpreted as 

incidence-rate ratios. Such an interpretation would imply that there are, on average, 

approximately 20% more bidders in FTR auction m arkets w here the right being 

auctioned is associated w ith an external m arket that is competitive in nature than 

otherwise. With respect to the num ber of FTRs available, the results imply that there 

are, on average, 1.92 more bidders for every 1000 unit increase of the num ber of rights 

available at auction. As stated above, both of these results are statistically significant.

Augmenting specification (1) with two lags of congestion, i.e., the proportion of hours in 

which the transmission line was congested, is the definition of specification (2 ). 

Continuing with pooled data, the results regarding the nature of the external market 

and the num ber of FTR available are similar compared to specification (1). In 

particular, the m arginal effects associated w ith the m arket variable and the num ber of 

FTRs available at auction are approximately 0.44 and 1.94, respectively. Both estimates 

have the anticipated sign and are statistically significant. W ith respect to the lags of
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congestion, the estimated m arginal effects associated w ith the first and second lags are 

approximately -1.02 and 2.13, respectively. The sign of the first lag is contrary to that 

anticipated by the preceding discussion. However, this result is not statistically 

significant (even at a 90% level of confidence). The sign of the second lag is as 

anticipated in the preceding discussion bu t is also statistically significant. The estimate 

implies that an increase in the fraction of hours in which a transm ission line is 

congested by, say, 0.01 (approximately 7 hours in a month) increases the num ber of 

bidders in the related FTR auction by approxim ately 0.02 two m onths later.

While these results are somewhat mixed, they suggest the possibility that lags of 

congestion are meaningful explanatory variables of the num ber of b idders in FTR 

auction markets, but with an impact delayed by more than a single m onth.

The Poisson specification can also be assessed for its goodness-of-fit. In particular, the 

Pearson chi-square test can be implemented. For specifications (1) and (2), the test- 

statistic values (p-values) are approximately 170.4 (1.000) and 166.4 (1.000), respectively. 

A statistically significant result would imply that the particular specification in question 

is not appropriate (without providing explicit information as to why), perhaps due to 

functional form, omitted variables, or a data dispersion issue. The results reported here 

indicate that use of the Poisson regression m odel is not overly problematic w ith respect 

to analysing the num ber of bidders in FTR auction m arkets w ith either set of regressors.

While the AIC criterion suggests a preference for specification (1) over specification (2), 

the results associated with the lags of congestion, as well as the underlying theoretical 

justification for their inclusion, suggest a preference for specification (2). In any event, 

the estimates associated w ith the m arket variable (the variable of greatest interest) and 

the num ber of FTRs available at auction are similar under each specification.
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While not reported in Tables VII-4 and VII-5, the negative binomial regression m odel 

was also used to estimate each of the specifications discussed above in relation to the 

Poisson regression model. The results of these undertakings yielded an overdispersion 

param eter that regularly converged to zero. As described above, the Poisson 

distribution is the limiting distribution of the negative binomial distribution as the 

overdispersion param eter goes to zero. These results confirm the previous finding that 

the data are not overdispersed and do not become overdispersed as a result of 

parameterising the m ean function. While underdispersion is not necessarily implied by 

this finding, i.e., the data could still be equidispersed, the possibility is not foreclosed.

The gamma regression m odel allows for underdispersion to be accounted for explicitly. 

Results associated w ith this model are also included in Tables VII-4 and VII-5. With 

pooled data, the marginal effects associated w ith the m arket variable and the num ber of 

FTRs available at auction are approximately 0.46 and 2.05, respectively, for specification 

(1) and 0.42 and 2.05, respectively, for specification (2). Each estimate is similar in 

m agnitude to that associated w ith the Poisson model and is similarly statistically 

significant. With regard to specification (2), the marginal effect associated w ith the first 

lag of congestion is negative, contrary to expectations, bu t not statistically significant. 

The marginal effect associated with the second lag is approximately 1.55 (compared to 

2.05 under the Poisson model) and is statistically significant.

Taken together, these results are similar to those associated w ith the Poisson model. 

However, note that the dispersion param eter reported in Table VIM  is statistically less 

than one . 145 Notwithstanding the similarity of coefficient estimates, this suggests a 

preference for use of the gam m a regression m odel in considering the num ber of bidders

145 The reported tests of statistical significance generally test the null hypothesis that the associated 
coefficient is zero against the general alternative. As described in the notes associated with Tables VII-4 
and VII-5, exceptions are associated with the dispersion parameter and the IRRs where the null 
hypotheses are that the associated coefficient is one against the general alternative.
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in FTR markets, though this m ust be w eighed against the drawbacks identified in 

relation to the gamma model.

Gamma and Poisson regression yield largely similar empirical results. This result lends 

confidence to the robustness of the results and suggests that the underdispersed nature 

of the num ber of bidders, while not being ideal for use of Poisson regression, is not 

significant enough to seriously bias the Poisson results.

Tables V IM  and VII-5 also report estimates associated w ith weighted Poisson and 

gamma regression models. W ith respect to the m arket variable, the estim ated m arginal 

effects range from approximately 0.38 to 0.39, all of which are statistically significant. 

This result suggests that there are approxim ately 0.4 more bidders in FTR auction 

markets where the right being auctioned is associated w ith an external m arket that is 

competitive in nature than otherwise. Relatedly, the incidence-rate ratios range from 

1.154 to 1.159, suggesting that there are approxim ately one-sixth more b idders in FTR 

auction markets where the right being auctioned is associated w ith an external m arket 

that is competitive in nature than otherwise. W ith respect to the num ber of FTRs 

available at auction, the estimated m arginal effects range from approxim ately 1.67 to 

1.84, all of which are statistically significant. This result suggests that there are 

approximately 1.75 more bidders in FTR auction m arkets for every 1000 additional 

FTRs available for sale. None of the coefficients associated w ith  the lags of congestion 

are statistically significant.

The results suggest a num ber of findings. First, the nature of external m arkets is an 

im portant factor in the determination of the num ber of bidders that contest FTR auction 

markets. In particular, the evidence reported above suggests that there are more 

bidders where the transmission path  associated w ith the FTR connects O ntario 's 

electricity system to a neighbouring jurisdiction with a competitive wholesale m arket
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than otherwise. This confirms the theoretical expectation described above. Second, 

there are more bidders in FTR auctions where there are more FTRs available for auction. 

This also confirms the theoretical expectations described above. Third, there is 

m oderate evidence that the num ber of bidders in FTR auction m arkets is meaningfully 

explained by previous observations of congestion. While the theoretical argum ent 

stated above argued that a positive relationship should be anticipated, support is not 

found uniformly across all specifications and modelling approaches. Fourth, the 

num ber of bidders is underdispersed and the underdispersion is not elim inated by 

parameterisation of the mean. Fifth, notw ithstanding the apparent underdispersion of 

the num ber of bidders, application of a modelling approach that explicitly accounts for 

this characteristic of the data does not yield meaningfully different results, thereby 

suggesting that the practical effect of underdispersion is itself not overly meaningful.

7. Conclusions

This chapter undertakes an analysis of the num ber of economic agents that decide to 

contest auctions for FTRs in Ontario. Each FTR is valid on a particular transmission 

path connecting Ontario to a neighbouring jurisdiction for a specified period of time. 

Due to the overlapping nature of long-term FTRs, attention is paid to short-term  FTRs 

alone. The panel of data consists of observations on 17 transmission paths over the 

period June 2002 to March 2010 and is unbalanced as a result of auctions not being held 

in relation to every path each month.

The num ber of bidders is, by definition, a non-negative count variable that is observed 

to always be strictly positive. Preliminary evidence suggests that this variable is 

underdispersed, i.e., its m ean is greater than its variance. Econometric techniques 

appropriate to this type of data are considered, in particular, the Poisson regression 

model, the negative binomial regression model, and the gamma regression model.
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The num ber of bidders is expected to vary across auctions based on the characteristics 

of the underlying transmission path. A critical characteristic that influences the num ber 

of bidders is the nature of the relevant external jurisdiction. In particular, it is argued 

that FTRs associated w ith transm ission paths that connect Ontario to jurisdictions that 

operate competitive wholesale electricity m arkets will be more heavily contested at 

auction than other FTRs. Evidence in support of this argum ent is found which indicates 

that the average num ber of bidders is approxim ately one-sixth higher w hen the external 

wholesale electricity m arket is competitive in nature. This result is statistically 

significant and suggests that such FTR auctions are indeed m ore heavily contested.

This finding indicates that, as expected, behaviour of economic agents in the FTR 

auction m arket is related to structure of the underlying electricity m arket. Thus, 

transmission lines that link jurisdictions w ith competitive wholesale markets, whose 

physical capacity is therefore more contestable, are associated with FTR auction markets 

that are themselves for heavily contested. In other words, less regulated m arkets attract 

larger num bers of bidders than more regulated m arkets as there are both greater needs 

for the security associated w ith hedging and greater opportunities for profit to be made.

The influences of other characteristics are also considered. In particular, it is found that 

the num ber of bidders is increasing in the num ber of FTRs available at auction. 

However, the impact of previously observed congestion on the num ber of bidders, 

which was initially expected to be positive, is found to have some qualified support.

A num ber of possibilities for future research present themselves, one of which is 

discussed here. The num ber of bidders that contest an auction market could be useful 

both in m odelling the auction m arket clearing price and in assessing the value of the 

auction m arket clearing price as a forecast of congestion, i.e., the forward m arket 

unbiasedness hypothesis. Assessment of this relationship was the principle purpose of
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chapters V and VI. For instance, it may be the case that lightly contested auctions, say, 

two bidders or less, lead to relatively low auction m arket clearing prices. This w ould 

suggest a bias that could be accounted for in the assessment of the forw ard m arket 

unbiasedness hypothesis. (This analysis was not included in chapters V and VI 

because, due to data confidentiality issues, inform ation regarding the num ber of 

bidders is not available for all FTR auctions that have been observed since m arket 

opening.)
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Chapter VIII: Conclusion

A competitive wholesale electricity m arket began operation in Ontario in May 2002. 

This purpose of this thesis is to undertake an assessment of certain aspects of this 

market. The aspects of the m arket to which special attention is paid are (1) issues 

regarding cost allocation related to implementing certain government policies and (2 ) 

the performance of financial transmission rights markets. This assessment is intended 

to contribute to the broader understanding of electricity m arket design and operation.

Chapter II form ulated an analytical m odel of Ontario's electricity market for use in 

counterfactual policy analysis. To that end, a six-equation model of the wholesale 

electricity m arket was developed and used to construct a base case equilibrium. This 

construction is a crucial component to the process of counterfactual policy analysis as 

the impact of any counterfactual policy under consideration is defined as the deviation 

of the resulting (counterfactual) equilibrium  from the base case. This was necessary so 

as to isolate the im pact of the alternative policy being considered from errors in 

modelling historical data.

Chapter III reported a formal analysis of the social cost of CCh-emission abatem ent 

under Ontario's program m e of renewable energy generation capacity procurem ent.

The reported results made clear the inadequacy of focusing on the effect of the 

program m e on consumers alone. This necessitated the use of model of the m arket of 

the type introduced in chapter II. The analysis concluded that the cost of C0 2 -emission 

abatement under Ontario's program m e is well in excess of the cost of C0 2 -emission 

abatement in other jurisdictions and industries. This indicates that the same CO2- 

emission abatem ent achieved in Ontario could have been achieved at substantially 

lower cost—or substantially greater C0 2 -emission abatement could have been achieved 

at the same cost—under alternative policy constructs that exist elsewhere.
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Based on the results reported in chapters II and III, it w as argued in chapter IV that the 

regulator's procurem ent policy, which acted in the m arket by increasing the am ount of 

supply available at each price, was at least partially responsible for the decline of the 

wholesale market clearing price observed throughout the study period. This shifted 

costs guaranteed by the regulator from being covered by wholesale m arket revenue to 

being covered by the regulator and recovered from  consum ers through the GA. These 

increased GA costs led to a general increase in the level of the GA rate charged to 

Ontario-based consumers who, under current policy, pay all GA-related costs.

At the time of its introduction, the GA rate did not constitute a consistently positive and 

large proportion of the all-in price. However, the growing importance over time of the 

GA rate as a component of the all-in price of electricity can be interpreted as a shift 

away from incremental cost pricing tow ards average cost pricing, an outcome which 

has negative implications for the allocative efficiency of the wholesale m arket. This 

development also magnifies the importance of the rule used by the regulator to allocate 

its costs among consumers.

The purpose of chapter IV was to consider w hether the current practice of not allocating 

any of the cost of the regulator's activities—including its program m e of generation 

procurem ent—to exports was optimal or not. To that end, a set of cost allocation rules 

that could be used to allocate these costs differently were considered as counterfactual 

policies in the context of the m arket model introduced in chapter II. The results of the 

analysis indicated that an export allocation rate of 32% w ould be optimal. The results 

also indicate that the current policy of exem pting exports from GA is preferable on total 

surplus-maximisation grounds than either pro rata application of GA to exports or the 

adoption of a rule that maximises the surplus of Ontario-based consumers alone.
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Chapters V and VI reported the results of a statistical and econometric analysis of the 

informational efficiency and forward market unbiasedness characteristics of O ntario 's 

short-term (ST) financial transmission rights (FTRs) auction market. FTRs are financial 

assets that entitle their holder to receive paym ents proportional to the degree of 

congestion realised on the relevant transmission path (including the relevant direction). 

FTRs exist for all transmission paths connecting Ontario w ith its five neighbouring 

jurisdictions—New York, Michigan, Minnesota, Manitoba, and Quebec—and are 

individually valid for one of two durations—one m onth or one year.

The principal issue related to ST FTRs was the left-censoring of payout at $0, while the 

principal issue related to LT FTRs was the overlapping nature of the basic data set. Both 

issues were dealt with explicitly in chapters V and VI, respectively.

Analysis of the ST FTR market involved narrow ing the focus to the four transmission 

paths connecting Ontario to and from New York and Michigan. The correlation 

coefficient between the MCP and payout suggested there was no systematic relationship 

between the two for the New York to Ontario transmission path, a result confirmed by 

formal econometric analysis. Significantly positive correlations were found in relation 

to the other three paths, for which formal econometric analysis confirmed a positive 

relationship between the MCP and payout, though not generally in a one-to-one 

fashion. As a result, it was concluded that standard joint informational efficiency 

hypothesis should be rejected. Similar results w ere obtained by use of various 

estimators in a panel data context.

Regardless of the approach, it was concluded that while FTR m arket perform ance 

varied across the transmission paths considered and that some perform ed better than 

others, the market as a whole was not informationally efficient in the sense that the
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MCP for a particular auction does not tend to provide an unbiased forecast of future 

payout/congestion.

Analysis of the LT FTR market involved 15 distinct transm ission paths connecting 

Ontario w ith its neighbours. While formal econometric analysis failed to reject the joint 

informational efficiency hypothesis, large standard errors also resulted in the inability to 

conclude there was a non-zero relationship betw een the MCP and payout, thereby 

underm ining the above-stated conclusion.

Chapter VII reported an analysis of the num ber of economic agents that decided to 

contest auctions for FTRs in Ontario. Due to the overlapping nature of long-term FTRs, 

attention was paid to short-term  FTRs alone. The num ber of bidders was, by definition, 

a non-negative count variable that was observed to always be strictly positive. 

Preliminary analysis suggested that this variable was underdispersed. Econometric 

techniques appropriate to this type of data were considered, the Poisson, negative 

binomial, and gamma regression models in particular.

The num ber of bidders was expected to vary across auctions based on the 

characteristics of the underlying transmission path. A critical characteristic that 

influences the num ber of bidders is the nature of the relevant external jurisdiction. 

Evidence in support of this argum ent was found which indicated that the average 

num ber of bidders was approximately one-sixth higher when the external wholesale 

electricity market was competitive in nature. Thus, transm ission lines that link 

jurisdictions w ith competitive wholesale m arkets were associated w ith FTR auction 

markets that were themselves highly contested relative to others.

Consideration of all results together reveals an electricity m arket in Ontario 

characterised by a num ber of inefficiencies. The type of efficiency assessed is not of the 

usual type, such as dispatch/productive efficiency—regarding which interested readers
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might consider consulting the various reports of the M arket Surveillance Panel (cited 

and otherwise). Instead, aspects of capacity investm ent efficiency and the allocation of 

resources related to transmission system congestion are assessed.

With respect to capacity investment, the analysis suggests that there are significant 

inefficiencies associated w ith Ontario's program m e of generation procurem ent. These 

inefficiencies manifest themselves in the form of the province paying a prem ium  for 

renewable energy generation capacity that far exceeds the level necessary to achieve 

comparable environmental objectives in other m arkets. The result is that, am ong other 

things, (1 ) consumer prices for electricity are higher than their efficient level, (2 ) 

government-owned generation assets, in particular Ontario Power Generation, receive 

much less revenue and profit then their efficient level, thereby depriving O ntario 's 

provincial government of economic resources that could be expended for alternative 

purposes, (3) exports are inefficiently high, and (4) all of these effects are growing 

through time.

With respect to Ontario's m arket for financial transmission rights, the analysis suggests 

that auction markets lack informational efficiency in the sense that auction prices are 

systematically less than payouts. Com pared to an informationally efficient state where 

auction prices approximate payouts, the result is that consum ers are worse off since 

they are the ultimate recipients of incremental auction m arket revenue.

While the implications of past policy choices are unavoidable, future outcomes could be 

improved with policy changes, two which are considered here. First, the effect of the 

renewable energy generation program m e in the future w ould be lessened if the am ount 

of generation subject to its term s ceased growing. Com parable environm ental 

objectives could be achieved in other sectors of the economy, w ith surplus economic 

resources remaining for other objectives, including, perhaps m ost importantly,

285



significant additional carbon dioxide abatement. Second, alternative financial 

transmission market designs, such as ones that limit total payouts to total congestion 

rents, thereby reserving all auction m arket revenue for consumers, should be 

investigated to determine whether similar outcomes could be achieved w ith greater 

benefits for consumers.

286



References

Adamson, Seabron and Scott Englander. 2005. "Efficiency of New York transmission 

congestion contract auctions." Proceedings, Hawaiian International Conference on 

System Sciences, 38 (2), 59-64.

Adamson, Seabron, Thomas Noe, and Geoffrey Parker. 2010. "Efficiency of financial 

transmission rights markets in centrally coordinated periodic auctions." Energy 

Economics, 32 (4), 771-8.

Amemiya, Takeshi. 1984. "Tobit models: A suvey." Journal o f Econometrics, 24 (1-2), 3- 

61.

Anderson, Kent P. 1973. "Residential energy use: An econometric analysis." RAND 

Corporation.

Angrist, Joshua D. and Alan B. Krueger. 1991. "Does com pulsory school attendance 

affect schooling and earnings?" Quarterly Journal of Economics, 106 (4), 979-1014.

Barnhart, Scott W. and Carol Szakmary. 1991. "Testing the unbiased forward rate 

hypothesis: Evidence on unit roots, cointegration, and stochastic coefficients." 

Journal o f Financial and Quantitative Analysis, 26 (2), 245-67.

Baxter, Ron E. and Ray Rees. 1968. "An analysis of industrial dem and for electricity." 

Economic Journal, 78 (310), 277-98.

Bernstein, Mark A. and James Griffin. 2005. "Regional differences in price-elasticity of 

demand for energy." RAND Corporation.

Berrebi, Claude and Jordan Ostwald. 2011. "Earthquakes, hurricanes, and terrorism:

Do natural disasters incite terror?" Public Choice, 149 (3), 383-403.

Bessembinder, Hendrick (1992). "Systematic risk, hedging pressure, and risk prem iums 

in futures markets." Review of Financial Studies, 5 (4), 637-67.

Bohi, Douglas R. and Mary B. Zimmerman. 1984. "An update of econometric studies of 

energy dem and." Annual Review of Energy, 9 ,105-54.

287



Borenstein, Severin, James B. Bushnell, and Frank A. Wolak. 2002. "M easuring m arket 

inefficiencies in California's restructured wholesale electricity m arket." American 

Economic Review, 95 (5), 1376-405.

Bound, John, David A. Jaeger, and Regina M. Baker. 1995. "Problems w ith

instrumental variables estimation when the correlation between the instrum ents 

and the endogenous explanatory variable is weak." Journal o f the American 

Statistical Association, 90 (430), 443-50.

Cameron, Colin A. and Pravin K. Trivedi. 1998. Regression analysis of count data. 

Cambridge, UK: Cambridge University Press.

Cameron, Colin A. and Pravin K. Trivedi. 2005. Microeconometrics: Methods and 

applications. Cambridge, UK: Cambridge University Press.

Canada. Natural Resources Canada. Office of Energy Efficiency. 2011.

"Comprehensive energy use database tables: Residential sector -  Ontario." 

http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/trends_res_on.cfm7attrHD 

(accessed: 25 March 2012).

Chowdhury, Abdur R. 1991. "Futures market efficiency: Evidence from  cointegration 

tests." Journal of Futures Markets, 11 (5), 577-89.

Davutyan, Nurhan. 1989. "Bank failures as Poisson variates." Economics Letters, 29 (4), 

333-8.

De Vany, A rthur S. and W. David Walls. 1999. "Cointegration analysis of spot

electricity prices: insights on the transmission efficiency in the w estern U.S." 

Energy Economics, 21 (5), 435-48.

Deb, Partha, M urat K. Munkin, and Pravin K. Trivedi. 2006. "Private insurance,

selection, and health case use." Journal of Business and Economic Statistics, 24 (4), 

403-15.

Dewees, Donald N. 2010. "The price isn 't right: Electricity pricing in Ontario." 

Presentation to the Ontario Energy Association, 14 June 2010.

288

http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/trends_res_on.cfm7attrHD


http://www.energyontario.ca/images/stories/Price_Isnt_Right_- 

_Don_Dewees_2010_June_14.pdf (accessed: 20 April 2012)

Drukker, David M. 2003. "Testing for serial correlation in linear panel-data models." 

Stata Journal, 3 (2 ), 168-77.

Engel, Charles E. 1996. "The forward discount anomaly and the risk premium: A 

survey of recent evidence." Journal of Empirical Finance, 3 (2), 123-92.

Espey, James A. and Molly Espey. 2004. "Turning on the lights: A meta-analysis of 

residential electricity dem and elasticities." Journal of Agricultural and Applied 

Economics, 36 (1), 65-81.

Fama, Eugene F. 1984. "Forward and spot exchange rates." Journal of Monetary 

Economics, 13 (3), 319-38.

Frankel, Jeffrey A. 1980. "Tests of rational expectations in the forward exchange 

market." Southern Economic Journal, 46 (4), 1083-101.

Gagnon, Luc, Camille Belanger, and Yohji Uchiyama. 2002. "Life-cycle assessment of 

electricity generation options: The status of research in year 2001." Energy Policy, 

30 (14), 1267-78

Griffin, James M. 1974. "The effects of higher prices on electricity consumption." Bell 

Journal of Economics and Management Science, 5 (2), 515-39.

Grubb, Michael, Thomas L. Brewer, Misato Sato, Robert Heilmayr, and Dora Fazekas. 

2009. "Climate policy and industrial competitiveness: Ten insights from Europe 

on the EU emissions trading system." Climate and Energy Paper Series 09, German 

Marshall Fund of the United States (Washington, DC).

Gurmu, Shiferaw and Pravin K. Trivedi. 1996. "Excess zeros in count models for 

recreational trips." Journal o f Business and Economic Statistics, 14 (4), 469-77.

Hadsell, Lester and Hany A. Shawky. 2006. "Electricity price volatility and the

marginal cost of congestion: An empirical study of peak hours on the NYSIO 

market, 2001-2004." Energy Journal, 27 (2), 157-80.

289

http://www.energyontario.ca/images/stories/Price_Isnt_Right_-


Hadsell, Lester and Hany A. Shawky. 2009. "Efficiency and profit in the NYISO 

transmission congestion contract market." Electricity Journal, 22 (9), 47-57.

Hansen, Lars P. 1982. "Large sample properties of generalised m ethod of m oments 

estimators." Econometrica, 50 (4), p. 1029-54.

Hansen, Lars Peter and Robert J. Hodrick. 1980. "Forw ard exchange rates as optim al 

predictors of future spot prices: An econometric analysis." Journal o f Political 

Economy, 8 8  (5), 829-53.

Hardin, James W. and Joseph M. Hilbe. 2001. Generalized linear models and extensions. 

College Station, Texas: Stata Press.

Hausman, Jerry, Bronywn H. Hall, and Zvi Griliches. 1984. "Econometric m odels for 

count data with an application to the patents-R & D relationship." Econometrica, 

52 (4), 909-38.

Heckman, James J. 1976. "The common structure of statistical models of truncation, 

sample selection, and limited dependent variables and a simple estim ator for 

such models." Annals of Economic and Social Measurement, 5 (4), 475-92.

Heckman, James J. 1979. "Sample selection bias as a specification error." Econometrica, 

47 (1), 153-61.

Hilbe, Joseph M. 2005. "GLGAMMA2: Stata m odule to estimate generalized two- 

param eter log-gamma regression." Statistical Software Components S456420.

Hodgson, Douglas J., Oliver Linton, and Keith Vorkink. 2004. "Testing forw ard

exchange rate unbiasedness efficiently: A sem iparam etric approach." Journal o f 

Applied Economics, 7 (1), 325-53.

Hogan, William. 1992. "Contract networks for electric power transmission." Journal of 

Regulatory Economics, 4 (3), 211-42.

Honore, Bo E. 1992. "Trimmed LAD and least squares estimation of truncated and 

censored regression models w ith fixed effects." Econometrica, 60 (3), 533-65.

290



Houthakker, H endrik S. 1951. "Some calculations of electricity consumption in Great 

Britain." Journal o f the Royal Statistical Society (A), 114 (3), 351-71.

Houthakker, H endrik S. and Lester D. Taylor. 1970. Consumer demand in the United 

States. H arvard University Press, Cambridge.

Houthakker, H endrik S., Philip K. Verleger, and Dennis P. Sheehan. 1973. "Dynamic 

dem and analysis for gasoline and residential electricity." Data Resources Inc.: 

Lexington, Massachusetts.

Hull, John C. 2002. Fundamentals of futures and options markets. Prentice Hall, Upper 

Saddle River, New Jersey.

Ichinose, Daisuke and Masashi Yamamoto. 2011. "On the relationship betw een the

provision of waste services and illegal dum ping." Resource and Energy Economics, 

33 (1), 79-93.

Johnson, Erik P. 2010. "The price elasticity of supply of renewable electricity

generation: Evidence from state renewable portfolio standards." W orking paper, 

Departm ent of Economics and Gerald R. Ford School of Public Policy, University 

of Michigan.

Joskow, Paul and Jean Tirole. 2000. "Transmission rights and market pow er in electric 

pow er networks." Rand Journal of Economics, 31 (3), 450-87.

Kavussanos, Manolis G., Ilias D. Visvikis, and David Menachof. 2004. "The 

unbiasedness hypothesis in the forward freight market: Evidence from 

cointegration test." Review of Derivatives Research, 7 (3), 241-66.

King, Gary. 1988. "Statistical models for political science event counts: Bias in

conventional procedures and evidence for the exponential Poisson regression 

model." American Journal of Political Science, 32 (3), 838-63.

Kis-Katos, Krisztina, Helge Liebert, and G unther G. Schulze. 2011. "On the origin of 

domestic and international terrorism." European Journal of Political Economy, 27, 

Supplement 1, S17-S36.

291



Koenig, Evan F. 2002. "Using the Purchasing M anagers' Index to assess the econom y's 

strength and the likely direction of m onetary policy." Federal Reserve Bank of 

Dallas: Economic and Financial Policy Review, 1 (6 ), p. 1-14.

Liberal Party of Ontario. 2003. Government that works for you: The Ontario Liberal plan for 

a more democratic Ontario. Toronto: Liberal Party of Ontario.

Lijesen, Mark G. 2007. "The real-time price elasticity of electricity." Energy Economics, 

29 (2), 249-58.

Long, J. Scott. 1997. Regression models for categorical and limited dependent variables. 

Thousand Oaks, US: Sage Publications.

Mansur, Erin T. 2003. "Vertical integration in restructured electricity markets:

Measuring m arket efficiency and firm conduct." W orking paper, Center for the 

Study of Energy Markets, University of California Energy Institute.

Mas-Colell, Andreu, Michael D. Whinston, and Jerry R. Green. 1995. Microeconomic 

theory. Oxford University Press, New York.

McKelvey, Richard D. and William Zavoina. 1975. "A statistical model for the analysis 

of ordinal level dependent variables." Journal o f Mathematical Sociology, 4 (1), 103- 

20.

Midwest Independent System Operator. U ndated, a. "MISO: Corporate information." 

https://www.midwestiso.Org/Library/Repository/Communication%20Material/C 

orporate/Corporate%20Fact%20Sheet.pdf (accessed: 1 M ay 2012).

Midwest Independent System Operator. Undated, b. "History."

https://www.midwestiso.org/AboutUs/History/Pages/History.aspx (accessed: 1 

May 2012).

Moore, Michael J. and Ursula Cullen. 1995. "Speculative efficiency on the London 

Metal Exchange." Manchester School, 63 (3), 235-256.

292

https://www.midwestiso.Org/Library/Repository/Communication%20Material/C
https://www.midwestiso.org/AboutUs/History/Pages/History.aspx


Mount, Timothy D., L. Duane Taylor, and Timothy J. Tyrrell. 1973. "Electricity dem and 

in the United States: A n econometric analysis." Oak Ridge National Laboratory: 

Oak Ridge, Tennessee.

Newey, Whitney K. and Kenneth West. 1987. "A simple, positive semi-definite, 

heteroskedasticity and autocorrelation consistent covariance matrix." 

Econometrica, 55 (3), 703-8.

Ontario. Independent Electricity M arket Operator. M arket Surveillance Panel. 

December, 2003. "M onitoring report on the IM O-administered electricity 

markets: The first eighteen m onths (May 2 0 0 2 —October 2003)." 

http://w ww.ontarioenergyboard.ca/docum ents/m sp/panel_m spreport_inioadm in 

istered_171203.pdf (accessed: 12 Novem ber 2011).

Ontario. Independent Electricity M arket Operator. M arket Surveillance Panel 

December, 2004. "M onitoring report on the IMO-administered electricity 

markets for the period May 2004 to October 2004."

http://www.ontarioenergyboard.ca/docum ents/m sp/panel_m spreport_im oadm in 

istered_131204.pdf (accessed: 12 Novem ber 2011).

Ontario. Independent Electricity System Operator. Undated. "Changes to Global

Adjustment Recovery: Backgrounder for Eligible Loads." http://ieso.ca/imoweb/ 

pubs/ga/Backgrounder_Changes_to_the_GA.pdf (accessed: 12 Novem ber 2011).

Ontario. Independent Electricity System Operator. 2008. Estimating the price elasticity of 

export demand in the Ontario electricity market. Toronto, Ontario: Author.

Ontario. Independent Electricity System O perator. November, 2011a. "18-month 

outlook: From December 2011 to May 2013." http://www.ieso.ca/imoweb/ 

pubs/marketReports/18MonthOutlook_2011nov.pdf (accessed: 3 January 2012).

Ontario. Independent Electricity System Operator. November, 2011b. "M ethodology 

to perform long term assessments." http://www.ieso.ca/im oweb/pubs/ 

marketReports/Methodology_RTAA_201 lnov .pdf (accessed: 3 January 2012).

293

http://www.ontarioenergyboard.ca/documents/msp/panel_mspreport_inioadmin
http://www.ontarioenergyboard.ca/documents/msp/panel_mspreport_imoadmin
http://ieso.ca/imoweb/
http://www.ieso.ca/imoweb/
http://www.ieso.ca/imoweb/pubs/


Ontario. Legislative Assembly. Electricity Act, 1998, S .0 .1998, chapter 15, schedule A.

Ontario. Legislative Assembly. Electricity Restructuring Act, 2004, S.O. 2004, chapter 23 

-  Bill 100.

Ontario. Ministry of Energy. 2006. Directive to the Ontario Power Authority. Re: 

Standard Offer Program. Issued: 21 M arch 2006.

http://www.powerauthority.on.ca/sites/default/files/page/1691_M OE_Directive_- 

_Standard_Offer_-_2006-03-21.pdf (accessed: 8  Novem ber 2011).

Ontario. Ministry of Energy. 2010. "Ontario's long-term  energy plan: Building our

clean energy future." http://www.energy.gov.on.ca/docs/en/MEI_LTEP_en.pdf 

(accessed: 11 March 2012).

Ontario. Ministry of Energy and Infrastructure. 2009. Directive to the Ontario Power 

Authority. Issued: 24 September 2009. http://w ww.pow erauthority.on.ca/sites/ 

default/files/page/15420_FIT_Directive_Sept_24_09.pdf (accessed: 8  Novem ber 

2011).

Ontario. Ontario Energy Board. M arket Surveillance Panel. June, 2005. "M onitoring 

report on the IESO-administered electricity m arket for the period Novem ber 

2004—April 2005." http://w ww.ontarioenergyboard.ca/docum ents/m sp/ 

msp_report%20final_090605.pdf (accessed: 3 Novem ber 2011).

Ontario. Ontario Energy Board. M arket Surveillance Panel. July, 2008. "M onitoring 

report on the IESO-administered electricity m arket for the period Novem ber 

2007—April 2008." http://www.ontarioenergyboard.ca/OEB/ 

Documents/MSP/msp_report_200807.pdf (accessed: 3 November 2011).

Ontario. Ontario Energy Board. M arket Surveillance Panel. January, 2009.

"Monitoring report on the IESO-administered electricity market for the period 

May 2008—October 2008." http://www.ontarioenergyboard.ca/OEB/ 

Documents/MSP/msp_report_200901.pdf (accessed: 3 Novem ber 2011).

294

http://www.powerauthority.on.ca/sites/default/files/page/1691_MOE_Directive_-
http://www.energy.gov.on.ca/docs/en/MEI_LTEP_en.pdf
http://www.powerauthority.on.ca/sites/
http://www.ontarioenergyboard.ca/documents/msp/
http://www.ontarioenergyboard.ca/OEB/
http://www.ontarioenergyboard.ca/OEB/


Ontario. Ontario Energy Board. Market Surveillance Panel. August, 2010.

"Monitoring report on the IESO-administered electricity market for the period 

November 2009—April 2010." http://www.ontarioenergyboard.ca/OEB/ 

Documents/MSP/MSP_Report_20100830.pdf (accessed: 3 November 2011).

Ontario. Ontario Energy Board. Market Surveillance Panel. April, 2012. "M onitoring 

report on the IESO-administered electricity m arket for the period May 2011 — 

October 2011." http://www.ontarioenergyboard.ca/OEB/ Documents/MSP/ 

MSP_Report_20120427.pdf (accessed: 27 April 2012).

Ontario. Ontario Power Authority. November, 2005. "Direction re: Contracts Relating 

to the Request for Proposals for Up To 1,000 M egawatts of Renewable Energy 

Supply Projects with a Contract Capacity of betw een 20 MW and 200 MW." 

http://www.powerauthority.on.ca/sites/default/files/page/4818_November_l 6 ,_2 

005_RES_II_Directive.pdf (accessed: 12 Novem ber 2011).

Ontario. Ontario Power Authority. March, 2006. "Ensuring O ntario 's energy future: 

2005 Ontario Power Authority Annual Report."

http://www.powerauthority.on.ca/sites/default/files/news/1713_2005_Annual_Re 

port.pdf (accessed: 3 Novem ber 2011).

Ontario. Ontario Power Authority. August, 2011. "A progress report on electricity 

supply: Second quarter 2011." http://w w w .pow erauthority.on.ca/sites/default/ 

files/news/Q2-2011%20Quarterly%20Report.pdf (accessed: 3 January 2012).

Ontario. Ontario Regulation 429/04. http://www.e-laws.gov.on.ca/htm l/source/regs/ 

english/2004/elaws_src_regs_r04429_e.htm (accessed: 12 November 2011).

Ontario. Ontario Regulation 398/10. http://www.e-laws.gov.on.ca/htm l/source/regs/ 

english/2010/elaws_src_regs_rl0398_e.htm (accessed: 12 November 2011).

Pehnt, Martin. 2006. "Dynamic lifecycle assessment (LCA) of renewable energy 

technologies." Renewable Energy, 31 (1), 55-71.

295

http://www.ontarioenergyboard.ca/OEB/
http://www.ontarioenergyboard.ca/OEB/
http://www.powerauthority.on.ca/sites/default/files/page/4818_November_l
http://www.powerauthority.on.ca/sites/default/files/news/1713_2005_Annual_Re
http://www.powerauthority.on.ca/sites/default/
http://www.e-laws.gov.on.ca/html/source/regs/
http://www.e-laws.gov.on.ca/html/source/regs/


Reiss, Peter C. and M atthew W. White. 2005. "H ousehold electricity dem and, 

revisited." Review of Economic Studies, 72 (3), 853-83.

Ross, Sheldon M. 1988. A  first course in probability (8 th ed.). Prentice Hall.

Rothwell, Geoffrey and Tomas Gomez. 2003. Electricity economics: Regulation and 

deregulation (1 st ed.). Wiley-IEEE Press.

Siddiqui, Afzal S., Emily S. Bartholomew, Chris M arney, and Shmeul S. Oren. 2005. 

"Efficiency of the New York Independent System O perator m arket for 

transmission congestion contracts." Managerial Finance, 31 (6 ), 1-45.

Sioshansi, Fereidoon P. 2008. Competitive electricity markets: Design, implementation, 

performance (1 st ed.), Elsevier Science.

Simcoe, Timothy (2007). "XTPQML: Stata m odule to estim ate fixed-effects Poission 

(Quasi-ML) regression w ith robust standard errors." Statistical Software 

Components S456821.

Staiger, Douglas O. and James H. Stock. 1997. "Instrum ental variables regression w ith 

weak instruments." Econometrica, 65 (3), 557-86.

StataCorp. 2009. Stata base reference manual. College Station, Texas: StataCorp LP.

Stock, James H., Jonathon H. Wright, and M otohiro Yogo. 2002. "A survey of weak

instrum ents and weak identification in generalized m ethod of m oments." Journal 

of Business and Economic Statistics, 20 (4), 518-29.

Stoft, Steven. 2002. Power system economics: Designing markets for electricity (1st ed.).

IEEE Press.

Switzer, Lorne N. and Mario El-Khoury. 2007. "Extreme volatility, speculative

efficiency, and the hedging effectiveness of the oil futures markets." Journal of 

Futures Markets, 27 (1), 61-84.

Taylor, Lester D. 1975. "The dem and for electricity: A survey." Bell Journal of 

Economics, 6  (1), 74-110.

296



Veall, Michael R. and Klaus F. Zimmerman. 1994. "Goodness of fit m easures in the 

Tobit model." Oxford Bulletin of Economics and Statistics, 56 (4), 485-99.

Watkins, Clinton and Michael McAleer. 2004. "Econometric modelling of non-ferrous 

metals prices." Journal o f Economic Surveys, 18 (5), 651-701.

Wilson, John W. 1971. "Residential dem and for electricity." Quarterly Journal of 

Economics and Business, 11 (1), 7-22.

Wilson, Robert. 2002. "Architecture of pow er markets." Econometrica, 70 (4), 1299-340.

W ooldridge, Jeffrey M. 1999. "Distribution-free estimation of some nonlinear panel 

data models." Journal of Econometrics, 90 (1), 77-97.

Wooldridge, Jeffrey M. 2002. Econometric Analysis of Cross Section and Panel Data. 

Cambridge, MA: MIT Press.

Zellner, Arnold. 1962. "An efficient m ethod of estimating seemingly unrelated

regressions and tests for aggregation bias." Journal of the American Statistical 

Association, 57 (298), 348-68.

Zivot, Eric and Donald W. K. Andrews. 1992. "Further evidence on the great crash, the 

oil shock, and the unit root hypothesis." Journal o f Business and Economic 

Statistics, 10 (3), 251-70.

297



Appendices

Appendix II-A: Global adjustment reform of 2010

From its introduction on 1 January 2005 to 31 December 2010, inclusive, aggregate 

global adjustm ent was allocated to consumers as prescribed by Ontario Regulation 

429/04. In short, during this time period the allocation rule w as such that all Ontario- 

based consumers paid exactly the same rate in dollars per MWh. Exports were exempt 

from contributing to global adjustm ent costs. This rule was described in the m ain text.

Effective 1 January 2011, as per Ontario Regulation 398/10, the global adjustm ent 

allocation rule was changed. The new regulation distinguishes between two classes of 

consumers: A and B. Class A consumers are defined to be those Ontario-based 

consumers whose own m onthly maxim um  hourly dem and for electricity exceeds, on 

average, 5 MW during a predefined base period. For instance, in the case of the billing 

period146 from 1  January 2011 to 30 June 2011, the base period used to distinguish class 

A consumers was 1 May 2010 to 31 October 2010, i.e., class A consumers are those 

whose maxim um  hourly dem and for electricity in May, June, July, August, September, 

and October 2010 exceeded 5 MW on average . 147' 148 All Ontario-based consumers who 

are not members of class A are defined to be members of class B . 149 Consum ers always

146 The billing period is the period in which electricity is consumed.
147 It is necessary but not sufficient that maximum hourly demand exceed 5 MW in at least one month of 
the base period for a consumer to be defined as a being a member of class A. It is sufficient but not 
necessary that maximum hourly demand exceed 5 MW in all months of the base period for a consumer to 
be defined as being a member of class A. There are no restrictions or conditions regarding when in the 
relevant month the maximum hourly demand for electricity is observed nor how maximum consumption  
relates to average consumption.
148 Effective with the billing period beginning 1 July 2011, a billing period from 1 July of Year Y to 30 June 
of Year Y+l corresponds to a base period from 1 May of Year Y-l to 30 April of Year Y. Class A 
consumers must re-qualify as such on an annual basis.
149 For the billing period 1 January 2011 to 30 June 2012, Ontario-based consumers w ho meet the standard 
required to be members of class A may nonetheless opt to be treated as members of class B.
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know in advance of their consumption choices to which class they belong.

Class A consumers are charged global adjustm ent based on coincident peak dem and. 

This allocation mechanism is referred to as the coincident peak rule. Regarding this 

allocation mechanism, the IESO states

"[cjoincident peak m eans that [each consum er's total global adjustm ent] costs are 

calculated based on the percentage that each custom er's dem and contributes to 

overall provincial dem and during the five peak hours of a base period. The peak 

hours are the five hours (occurring on different days) in which the greatest 

num ber of m egawatts of electricity was used in Ontario" (IESO, undated, p .l).

Class B consumers will continue to be charged global adjustm ent in proportion to their 

total monthly consumption, i.e., they continue to pay a global adjustm ent rate 

determined as the aggregate global adjustm ent expenses divided by aggregate Ontario- 

based demand as implied by equation (II-5).

Notwithstanding the potential significance of this policy change on consum er 

behaviour, the coincident peak allocation rule applied to class A consumers is ignored 

in the analysis undertaken in this chapter. There are several reasons for this choice.

First, the time period under study in this chapter ends in June 2011, m eaning that at 

most six out of 109 observations may be affected by the policy change. Associated w ith 

a policy change of this type is a learning and adjustm ent process that has just begun.

Second, Ontario Regulation 398/10 was filed on 22 October 2010. Prior to its 

publication, the governm ent's commitment to the particular details contained within 

the regulation, as well as the timing of publication itself, were no t know n w ith certainty. 

Given that the base period that determ ined which consumers were m em bers of class A 

during the final six months (observations) of the data set covered the period from, as
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stated above, 1 May 2010 to 31 October 2010 it is unlikely that class A contains many 

consumers whose maxim um  hourly consum ption in a m onth would not have exceeded 

5 MW on average, i.e., the policy is unlikely to have altered the composition of class A. 

However, strategic behaviour in relation to this policy change is likely to become a 

significant issue subsequent to 30 June 2011.
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Appendix II-B: Structure of global adjustment expenses

There is a num ber of different aspects of the regulator's activities that contribute to costs 

that must be recovered through the GA mechanism. The process accounts for paym ents 

arising in relation to: (i) wind generation contracts; (ii) solar generation contracts; (iii) 

NUGs; (iv) nuclear facilities; (v) baseload hydro; (vi) natural gas capacity contracts; (vii) 

contingency paym ents to certain OPG-owned fossil generators; and (viii) OPA 

conservation programs. There may be particular exceptions to the structure of 

regulatory intervention described below. The typical case is considered.

After describing the contribution mechanism associated w ith each of the eight activities 

of the regulator, the regulator's GA expense equation is w ritten out.

Wind generation

Wind generation contracts specify a fixed price per unit of ou tpu t for which w ind

generated electricity is paid. Such contracts w ere labelled fixed-price contracts in the 

main body of the chapter. It is assumed that the fixed price is $135/MWh. The nature of 

out-of-market top-up paym ents is such these generators receive the wholesale m arket 

clearing price for their output from the wholesale m arket and are subsequently paid the 

difference between the contract price (assumed to be $135/MWh) and that price. If the 

wholesale market clearing price were sufficiently h igh—above $135/MWh—then the 

top-up would be negative.

The aggregate am ount of wind-fuelled electricity injected into the IESO-controlled 

transmission grid is observed on an hourly basis. These hourly data are averaged 

across the hours of the relevant m onth to generate the data used in this analysis. These 

data exclude the output of wind generators not connected to the IESO-controlled 

transmission grid, that is, those generators em bedded in the distribution systems of
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local distribution companies. As such generation constitutes a small com ponent of 

aggregate wind generation in Ontario, these facilities are ignored.

Solar generation

Like w ind generation contracts, solar generation contracts specify a fixed price per unit 

of output for which solar-generated electricity is paid. These are fixed price contracts.

It is assumed that the fixed price is $420/MWh. The nature of the top-up paym ents 

associated w ith these contracts is analogous to wind generation contracts.

Solar-fuelled electricity production is not publically available. However, data regarding 

the level of aggregate capacity of solar installations within Ontario is available. These 

data are reported in "A Progress Report on Electricity Supply," published on a 

quarterly basis by the OPA. For simplicity, it is assum ed the production of electricity 

from solar generators is characterised by a fixed, 1 0 % capacity factor . 150

Non-utility generators (NUGs)

Most NUGs are cogeneration facilities that produce electricity and are integrated into 

the production process of a non-electricity good. It is assumed that there is 1577 MW of 

NUG capacity that generates an average of $75/MWh in capacity and energy payments.

These assumptions may seem unreasonable, but even w ith them  the sim ulated am ount 

of out-of-market paym ents received by NUGs (and certain contingency paym ents, as 

discussed below) is less than the observed paym ents to NUGs. The mechanism  can be 

thought of as being equivalent to the one that provides capacity paym ents to natural

iso The mechanism described may overstate the out-of-market top-up payments m ade to solar generators 
since such output is positively correlated with the hourly wholesale market price. This is because solar 
generators produce their output during day-time hours due to the availability of the sun, which  
corresponds to the periods of greater demand and higher wholesale market clearing prices. Given the 
magnitude of the fixed price guaranteed to generators, this issue is likely to be of minor importance.
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gas generators (as described below).

Nuclear facilities

All nuclear-powered generation facilities in Ontario are ow ned by Ontario Power 

Generation (OPG). The reactors located in Bruce County are operated under a long

term lease by Bruce Power, a private-sector firm.

It is assumed that this generation earns a fixed price of $55/MWh. This is a significant 

simplification: some generation is paid less, some more. The Bruce B generating facility 

is subject to a price floor under its average unit price. The nature of the top-up 

paym ents—which are often negative—is analogous to those under w ind and solar 

generation contracts as described above.

Nuclear-powered generation data are available on a m onthly basis from a num ber of 

sources, including the periodic reports of the Ontario Energy Board's (OEB) M arket 

Surveillance Panel (MSP) and the Independent Electricity System Operator (IESO).

Baseload hydro

OPG owns and operates the hydroelectric stations that produce electricity on the 

Niagara and St. Lawrence Rivers. It is assum ed that the first 1900 MWh of hydro 

production in the average hour are paid $33/MWh. Wholesale market clearing prices in 

excess of this level result in OPG m aking contributions to the GA, while prices below 

this level result in OPG receiving paym ents from the GA. O utput in excess of 1900 

MWh earns the wholesale m arket clearing price and is assum ed not to be subject to 

additional out-of-market top-up or claw-back payments, and is ignored in the 

calculation of regulator expenses recovered by the GA.

Nuclear-powered generation data are available on a m onthly basis from a num ber of
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sources, including the periodic reports of the O ntario Energy Board's (OEB) M arket 

Surveillance Panel (MSP) and the Independent Electricity System O perator (IESO).

Natural gas capacity contracts

The regulator's programme of generation capacity procurem ent has, as of July 2011, 

induced the entry of more than 5000 MW of natural gas-fuelled generation capacity. 

Capacity payments, subject to certain claw-backs described below, are m ade to these 

generators.

Data regarding the commissioning of contracted natural gas capacity are reported in "A 

Progress Report on Electricity Supply," published by the OPA. While this publication is 

released on a quarterly basis, it reports the formal date of commissioning of contracted 

natural gas generators. It is assumed that capacity support paym ents begin a t that time. 

Thus, the am ount of natural gas capacity is know n on a m onthly basis. It is also 

assumed that contracted capacity is paid an average of $7,900/MW-month. These 

contracts generally contain provisions under which the regulator takes back a portion of 

these capacity costs if the wholesale m arket electricity price exceeds a contractually- 

specified incremental cost of production, whereby the generator is deem ed to have 

earned so-called net revenue—revenue in excess of incremental cost—in the wholesale 

m arket . 151

Certain contingency payments

As a result of the regulator's programme of generation procurement, as well as due to

151 Certain other contractual requirements must also be met. For instance, the wholesale market price 
must exceed the contractually specified incremental cost for a minimum duration for a facility to be 
deemed to have started. The contractually specified incremental cost, which includes a com ponent 
related to operations and maintenance as w ell as a fuel component, may or may not correspond to a 
particular facility's physical incremental cost. The basic principle is that the specified value of this term is 
beyond the control of the generator itself (after the contract with the regulator has been signed).
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direct instruction from the provincial government, the fossil energy fuelled generators 

operated by OPG do not earn  sufficient revenue in the wholesale electricity m arket to 

cover their variable costs. In order to prevent exit, out-of-market contingency support 

payments to OPG began in the first quarter of 2009.152

Quarterly data regarding the cost incurred as a result of this programme are available in 

the quarterly financial statem ents of OPG. The data are converted to a m onthly 

frequency by dividing the quarterly data by 3.

Conservation programs

Aside from its program  of generation procurem ent, the OPA has established a 

significant num ber of electricity conservation program s. The cost of these program s is 

recovered through the GA. Since these program s do not generate revenue in the 

wholesale electricity m arket the expenditures on them  cannot be thought of as out-of

market top-up payments. Instead, such costs are viewed as constituting a fixed cost 

borne by the regulator.

Annual data regarding conservation spending are available for the years 2008, 2009, and 

2010 in the annual reports of the OPA. To convert these data to a monthly frequency, 

annual data is divided by 12. Conservation spending before 2008 is ignored (and 

assumed to be zero), while spending for 2 0 1 1  is forecast to have grown at the average 

grow th rate of conservation spending over the year 2008 to 2009 and 2009 to 2010, w ith 

monthly data being one-twelfth of the 2 0 1 1  forecast.

Expense equation

The sections above describe the mechanisms by which the eight activities of the

152 Exit w ould be an undesirable outcom e in the short term since the generators in question provide 
useful, at times necessary, support for the reliability of Ontario's electricity market.
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regulator contribute to GA expenses. These can be w ritten as a single equation as 

Expt = q?ind * (p ? ind -  Pt) + qst olar * solarcapacity * (p scolar -  Pt)

+ RtU3S * (P c ^ 5 ~ Pt) + q?UcLear * (p™dear _ Pf) + qb™e hydro * ase hydro _ ^

+ n a t _gas_capacityt + contingencyt + co n serva tio n t (H-6 )

where all data are converted to hourly averages. W ith the values that are fixed 

throughout the period of analysis substituted into equation (II-6 ), then

Expt = q r nd * (135 -  Pt) + q st olar * 0.19 * (420 -  Pt)

+ 1577 * (75 -  Pt) + q™clear * (55 -  Pt) + 1900 * (33 -  Pt)

+ n a t _gas_capacityt + contingencyt + c o n se rv a tio n  (H-7)
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Appendix II-C: Solution to the model

The purpose of this appendix is to describe the process used to solve for the base case 

discussed in-text. The model of Ontario's electricity m arket is composed of six 

equations w ith six endogenous variables and is discussed in detail in-text. The four 

estimable equations relate to Ontario-based supply, imports, Ontario-based demand,

and exports, i.e.,

Rt = Yo + YiPt + Y z fu e k  + Yzbaseloadt + elt (II-l)

q\ = d0 + tfiPt + S2NY_Lt + S3linked t + e2t (H~2)

q f  = a 0 + <*i(Pt + 9 t) + a 2HDDt + a 3CDDt + + e3t (II-3)

Ret = P o+ PiPt + P2 NY-Lt + 03 Hnkedt + e4t (II-4)

The fifth equation is the regulator's budget constraint, i.e.,

9 t* R t  = Rt'md * (Vcind ~ ^ t)  + q i ° lar * solar jca p a c ity  * (pscolar -  Pt)

+ R t ^  * (P T 9 " ~ Pt )  + q £ uclear * ( pnuclear _ 

base hydro f b a s e _ h y d ro  n \
+ Rt * { P c  "  Pt )

+ n a t _gas_capacityt + contingencyt + c o n se rv a tio n  (H-8 )

The sixth equation is a quantity equilibrium condition, i.e.,

Rt + Rt = (1 -  losses) * (qf + qlt) (II-9)

The solution to this system determines equilibrium Ontario-based supply, imports, 

Ontario-based demand, imports, the wholesale market clearing price, and the GA rate.

Once equations (II-l), (H-2 ), (II-3), and (II-4) have been estimated, fitted equations for
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Ontario-based supply, imports, Ontario-based dem and, and exports, can, as discussed 

in-text, be written as follows

q! = rot + YiPt (n-i4)

q[ = Sot + SiPt (11-17)

Qt = «ot + «i(P t + 9 t) (11-21)

qet = 0ot + PiPt (11-24)

The quantity equilibrium condition, equation (II-9), can be re-written using the fitted 

variables as

q f  + q t  = (i - L) * {q t  + q l) (ii-c-i)

Substitution of equations (11-14), (11-17), (11-21), and (11-24) into equation (II-C-1) yields 

pt = a t -  btg t (II-C-2)

where

a, =  [(1 -  L)  .  ( f oc + 6m ) -  (a oc + f t t )] /  [O i + f t )  -  (1 -  «  * ( f i  * ft)](II-C-3)

b,  = f t  /  [(«! + f t )  -  (1 -  1) * ( n  + ft)]  (II-C-4)

and

at > 0 and 0 < bt < 1.

Proof that at > 0. Consider the num erator of equation (II-C-3). The term s a ot and p ot 

represent the horizontal intercepts of the Ontario-based dem and and export curves, 

respectively, which are both positive by assum ption. Thus, a Qt + /?ot > 0. The terms fot 

and Sot represent the horizontal intercepts of the Ontario-based supply and import
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curves, respectively, which are not necessarily positive. However, given that 0 < L < 1, 

assuming f o t  + <V < &ot + Pot implies that the num erator is negative, that is

(1 -  L) * (fot + 4 t )  -  (Sot + Pot)  < 0  (II-C-5)

This condition can loosely be interpreted as requiring that the sum  of the horizontal 

intercepts of Ontario-based dem and and exports be greater than  a positive fraction of 

the sum of the horizontal intercepts of Ontario-based supply and imports. If this was 

not the case then the wholesale m arket clearing price could no t be positive. This 

condition is analogous to the standard assum ption that the choke price in a m arket 

m ust exceed the marginal cost of the first unit of production for a m arket to exist.

Now consider the denominator of equation (II-C-3). The terms a x and p x represent the 

inverses of the slopes of the Ontario-based dem and and export curves, respectively, 

which are both negative by assumption, while the terms y x and ^ rep re sen t the inverses 

of the slopes of the Ontario-based supply and im port curves, respectively, which are 

both positive by assumption. That is, a x < 0, p x < 0, y x > 0, and  Sx > 0. As noted in- 

text, 0 < L < 1. Thus

( a x + p x) -  (1 -  L) * ( y x + Sx) < 0 (II-C-6 )

Therefore at > 0. As an aside, consider the equilibrium that w ould obtain if the 

regulator's budget constraint did not exist, that is, in a five-equation m odel of the 

electricity market. First, g t = 0. Second, all paym ents m ade by the regulator that are 

funded by the GA, including out-of-market top-up payments, would have to be funded 

from elsewhere in the economy, say, by the levying of a non-distortionary tax by the 

government. In this revised model, a t (> 0) would be the equilibrium  wholesale 

market clearing price.

Proof that 0 < bt < 1. From the argum ent above, it can be stated that
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0 > & - (1 -  L) * (fi + Si)

<=> 0 > a x > (a x + /?i) -  (1 -  L) * ( f i  + «5i)

Noting that (a a + /?j) -  (1 -  L) * {y1 + < 0, then

Q < ____________ «i < 1

( « i  +  / ? i )  -  ( 1  -  L )  * ( f i  +

^  0 < bt < 1 (II-C-7)

The regulator's budget constraint, equation (II-8 ), can be re-written using the fitted 

variables as

g t .  q f  = CGR, -  Pt .  <,«“ (II-C-8 )

where

CGRt = p™ind * q™ind + p scolar * q l° lar * solar_copacity

, „ n u g s  nugs nuclear  * „ nuclear  , basejiyd .ro  b a se jiy d ro
+ Pc * Rt + Pc * Rt + Pc * Rt

+ n a t _gas_capacityt + con tingencyt + c o n se rv a tio n  (II-C-9)

and

Rt a = q<t'ind + R t° lar * solar_capacity  + q*ugs + q£uclear + qbasejiydro (n-C-10)

The term CGRt, an acronym for contracted generator revenue, represents the total 

revenue received from all sources by generators operating under a contract w ith the 

regulator that may give rise to paym ents funded by the global adjustment. As such, it is 

the product of each generator-type's contract price and total am ount of output (across 

all firms), sum m ed across all of the generator types, plus certain other expenses 

incurred by the regulator. The term  q f a represents the total am ount of electricity
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generated by all such generators. This quantity m ultiplied by the wholesale m arket 

clearing price, that is, Pt * q f a, equals the am ount of revenue contracted generators 

made in the wholesale m arket alone. The difference between these two amounts, 

which, as discussed in-text does not have to be non-negative, is the total am ount of 

revenue received by contracted generators from sources other than the wholesale 

market. Since the only other source is the regulator, this term is equivalent to the 

am ount of revenue raised by the regulator, that is, g t *  qf- This relationship is 

summarised by equation (II-C-8 ).

Using equation (11-21), equation (II-C-8 ) can be re-w ritten as

9 t * («ot + &i(Pt + 9 t)) = CGRt -  P t*  R?a (II-C-11)

As a result of these operations, the original six-equation system of equations can be 

solved for a system of two equations, equations (II-C-2) and (II-C-11), w ith two 

unknowns, the wholesale market clearing price and the GA rate. Due to the regulator's 

budget constraint being quadratic in the GA rate, the system is not linear in nature. 

Instead, there will be two solutions. Substituting equation (II-C-2) into equation (II-C-8 ) 

yields a single equation that is quadratic in the GA rate, g t

[ax( 1 -  b t)]g l + [aot + ata x -  btq f a]gt + [at q f a -  CGRt] = 0 (II-C-12)

Therefore

g t = [ -  Bt ± V ( 5 t ) 2 -  4At Ct\ /  2At (II-C-13)

where

At = a x( 1 -  bt) < 0 (II-C-14)153

153 Recalling that a t < 0 and 0 < bt < 1, it follow s im m ediately that At = a 1( 1 -  bt) < 0.
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Bt = aot + at&t -  btq*g a (II-C-15)

and

Ct = a tq f a -  CGRt (II-C-16)

The term Ct is not explicitly signed. The sign, however, is im portant as it indicates 

whether the GA rate is negative or positive. To see why, consider equation (A-9)

CGRt = p™ind * q™ind + Pc0lar * q tolar * so larjcapacity

nugs nugs nuclear * _ nuclear . base.hyd.ro base jvydro
+  Pc * Rt + Pc * Rt + Pc * Rt

+ n a t _gas_capacityt + con tingencyt + co n se rva tio n (II-C-9)

average ga  
Pc  * Rt

+ nat_gas_capacityt + con tingency t + c o n se rva tio n (II-C-17)

where

.w in d solar
p a vera g e  _  ^ w ind  * 5±—  + p ^ o i a r  * £ l _ _  * so larjcapacity

nugs
nugs Qt____

’c Q ?a
+  Pc

n nuclear 
n u c le a r  *  Qt + p,

b a se jiy d ro  Qt
base_hyd.ro

(II-C-18)

is a quantity-weighted average of the contract prices.

Substituting equation (II-C-17) into equation (II-C-16), then

Ct = qfa(at- Pr ran
(n a t _gas_capacityt + con tingencyt + c o n se rv a tio n ) (II-C-19)

The term (nat_gas_capacityt + contingencyt + c o n se rv a tio n ) *s positive since each of
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its components is positive by definition. Now consider the term  (a t -  p^vera9e>). The 

variable at, as noted above, is the wholesale m arket equilibrium  price that w ould 

prevail if g t = 0. Thus, if at < p^verage, then the weighted average of contract prices 

exceeds the wholesale m arket clearing price that w ould prevail if g t = 0. As a result, 

contacted generators are not, on average, able to m ake sufficient revenue in the 

wholesale market alone to satisfy the contracts and w ould therefore be entitled to 

positive (average) out-of-market top-up paym ents. The am ount of such payments, 

aggregated across all contracted generators, is the negative of the first term  of equation 

(II-C-19). Thus, at < p^verage is a sufficient (but not necessary) condition for Ct < 0.

This is expected to be the case w hen relatively expensive generation types are weighted 

relatively highly in equation (II-C-18).

If at > p “verage' then the weighted average of contract prices is less than the wholesale 

market price that w ould prevail if g t = 0. As a result, contracted generators, on 

average, make more revenue in the wholesale m arket alone than is required to satisfy 

the contracts and would therefore be required to rebate the excess to the regulator in the 

form of negative (average) out-of-market top-up payments. The am ount of such 

payments, aggregated across all contracted generators, is the first term of equation (II- 

C-19). Due to the term (nat_gas_capacityt + co n tin g en cyt + conserva tion t), this alone 

does not guarantee that Ct > 0, but it is a necessary condition. That is, g t > 0 may be 

necessary even if a t > p “verage if regulator expenses related to certain other expenses 

are sufficiently large.

Equation (II-C-13) has two solutions. That is, there are two GA rates that allow 

equilibrium to obtain in the wholesale market, including the balancing of the regulator's 

budget. In order to maximise social welfare, the GA rate that is chosen is the one 

relatively small in absolute value. The rationale for this choice is that it, by definition, 

imposes the smallest distortion on the market. Denote this value as g t .
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The equilibrium wholesale m arket clearing price, denoted as p t, is found by 

substituting g*t into equation (II-C-2). That is

Pi = at ~ btg l (II-C-20)

The equilibrium Ontario-based supply, imports, Ontario-based demand, and exports 

can be found by substituting pi and g l into equations (11-14), (11-17), (11-21), and (11-24), 

respectively.

qt* = fo t + YiP*t (II-C-21)

q\* = ^ t  + $iPl (II-C-2 2 )

q t =  t+  S i (pl+ gl )  (II-C-23)

qt* = Pot + PiPl (II-C-24)

The values pi, g l, qt*, q\*, qf*, and qt*> constitute the base case equilibrium of the 

wholesale market model.
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Appendix V-A: Acronyms

CDD cooling degree days
FTR financial transmission right
HDD heating degree days
HOEP hourly Ontario energy price
LT long-term
ICP intertie congestion price
IEEE Institute of Electrical and Electronic Engineers
IESO Independent Electricity System Operator
ISO Independent System Operator
MCP m arket clearing price
MSP M arket Surveillance Panel
MW m egawatt
OEB Ontario Energy Board
OPA Ontario Power Authority
ST short-term
TCC transmission congestion contract
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Appendix V-B: Numerical Example of an FTR

This appendix provides a brief numerical example regarding the functioning of an FTR 

as a hedge against transmission congestion.

For a given hour, if an intertie is congested in the direction for which an FTR holder 

owns an FTR, the holder is entitled to receive a payout equal the absolute value of the 

ICP for each FTR they hold . 154 Suppose an FTR holder owns 10 MW of export-oriented 

ST FTRs on the Ontario-Michigan interface for the m onth January 2011. Thus, in each 

export congested hour of January 2011 the FTR holder would receive a payout equal to 

10 times the (already positive) ICP . 155

In each hour there are two possible outcomes: either no export congestion, that is either 

no congestion or im port congestion, or export congestion. Suppose each outcome is 

equally likely. If there is no export congestion then the relevant ICP is $0/MWh and the 

payout for the hour in question is $0. Further, suppose that in the event of export 

congestion the relevant ICP was $20/MWh, implying a payout of $200. The expected 

ICP is then $1 0 /MWh, while the expected payout is $100.

Suppose a trader contracts w ith an Ontario-based generator to purchase 10 MWh of 

electricity for $100/MWh and sells it to a Michigan-based customer for $120/MWh. 

Assume transactions costs are $5/MWh. If there is no export congestion then the trader 

will earn $15/MWh, for a total profit of $150.156 If there is export congestion then the

154 Recall from section II that FTRs are sold in one MW increments, that is, one FTR equals one MW on a 
given path. Also recall that payouts are always non-negative.
155 There are a small number of additional considerations applicable to this calculation, though they are 
minor and are ignored.
156 Profit is equal to the Michigan consumer price less the ICP, less the Ontario purchase price, less 
transactions costs, for each of the 10 FTRs: $150 = ($120 - $0 - $100 - $5)/MWh * 10 MWh.
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trader will earn -$5/MWh, for a total of -$50 (a loss of $50).157 Given that these two 

situations are equally likely, the trader's expected profit is $50.

To hedge against the risk of congestion incum bent in this scenario, the trader may 

purchase FTRs on this path. Suppose the trader is risk neutral and the MCP is 

$10/MWh—the expected payou t—for each of 10 FTRs at auction. Then the trader's 

profit will be $50 regardless of the congestion pattern . 158 This result is independent of 

the level of the MCP. Risk averse traders would be willing to pay more than $10/MWh, 

while risk loving traders would not be willing to pay as much.

157 Profit is equal to the Michigan consumer price less the ICP, less the Ontario purchase price, less 
transactions costs, for each of the 10 FTRs: -$50 = ($120 - $20 - $100 - $5)/MWh * 10 MWh.
158 Profit is equal to the Michigan consumer price less the ICP, plus payout (ICP), less the Ontario 
purchase price, less FTR purchase price, less transactions costs, for each of the 10 FTRs. With no export 
congestion: $50 = ($120 + $0 - $0 - $100 - $10 - $5)/MWh * 10 MWh. With export congestion: $50 = ($120 - 
$20 + $20 - $100 - $10 - $5)/MWh * 10 MWh.

317



Appendix V-C: Complete List of Transmission Paths

Path Name Source Sink
MBSI to ONZN M anitoba Ontario
MISI to ONZN Michigan Ontario

MNSI to ONZN M innesota Ontario
NYSI to ONZN New  York Ontario
PQAT to ONZN Quebec AT Ontario
PQBE to ONZN Quebec BE Ontario
PQDA to ONZN Quebec DA Ontario
PQDZ to ONZN Quebec DZ Ontario
PQPC to ONZN Quebec PC Ontario
PQXY to ONZN Quebec XY Ontario
ONZN to MBSI Ontario Manitoba
ONZN to MISI Ontario Michigan

ONZN to MNSI Ontario Minnesota
ONZN to NYSI Ontario N ew  York
ONZN to PQAT Ontario Quebec AT
ONZN to PQDA Ontario Quebec DA
ONZN to PQHZ Ontario Quebec HZ
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Appendix V-D: ST FTR data and statistics

Table V-Dl: ST FTR: M CP and payout summary statistics ignoring path distinction

Variable N M ean Std. Dev. Skewness Kurtosis M inim um M aximum
Payout 296 604.0 1,339.2 3.76 21.47 0 . 0 0 11,211.82
MCP 296 510.3 804.6 3.42 18.64 0 . 0 1 5,780.88

Table V-D2: ST FTR: MCP and payout summary statistics for import paths

Source Variable N M ean Std. Dev. Skew ness Kurtosis M inim um M axim um
MISI Payout 74 739.9 1,515.3 2.95 11.95 0 . 0 0 7,748.86
MISI MCP 74 601.6 640.4 0.80 2.39 1.71 2,269.20
NYSI Payout 75 193.5 807.9 5.09 28.89 O.OO1 5,144.12
NYSI MCP 75 136.2 161.3 1.49 4.34 3.00 662.16

Table V-D3: ST FTR: MCP and payout summary statistics for export paths

Sink Variable N M ean Std. Dev. Skew ness Kurtosis M inim um M aximum
MISI Payout 74 413.5 914.7 3.03 1 1 . 8 6 0 . 0 0 4,652.24
MISI MCP 74 383.3 968.6 4.64 25.25 0 . 0 1 5,780.88
NYSI Payout 73 1,081.1 1,743.3 3.30 17.56 0 . 0 0 11,211.82
NYSI MCP 73 931.0 953.0 2.26 8.51 1 0 . 0 0 4,898.00

Table V-D4: ST FTR: Summary Statistics for ex-post profits

Path N Mean Std. Dev. Skewness Kurtosis M inim um M axim um
All paths 
considered

296 93.66 1,213.71 3.45 22.43 -3,102.22 9,902.38

MISI to ONZN 74 138.34 1,289.29 2.71 12.06 -2,004.61 6,248.86
NYSI to ONZN 75 57.32 828.72 4.75 26.64 -658.26 5,044.24
ONZN to MISI 74 30.19 924.17 1.71 13.67 -3,102.22 4,357.24
ONZN to NYSI 73 150.03 1,663.63 3.25 18.40 -2,387.21 9,902.38
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Table V-D5: ST FTR: Correlation between M CP and payout and its statistical significance
for paths under consideration

Path Corr. Coefficient p-value 159

All paths considered 0.4490 0 . 0 0 0 0

MISI to ONZN 0.5379 0 . 0 0 0 0

NYSI to ONZN -0.0309 0.7921
ONZN to MISI 0.5196 0 . 0 0 0 0

ONZN to NYSI 0.3550 0 . 0 0 2 1

Table V-D6: ST  FTR: Summary statistics for various additional variables

Variable N M ean Std. Dev. M inim um M aximum
1 / t 8 6 0.06 0.13 0 . 0 1 1 . 0 0

Natural Gas Price 8 6 6 . 6 6 1.97 3.22 12.19
Natural Gas Capacity Ratio 8 6 0.47 0.08 0.37 0 . 6 8

Risk-free Interest Rate 8 6 2.24 1.42 0 . 1 2 4.29
HDD PosDev onzn 8 6 26.19 90.74 0 . 0 0 506.20
HDD NegDev onzn 8 6 30.76 44.64 0 . 0 0 215.50
CDD PosDev onzn 8 6 6.26 16.40 0 . 0 0 80.80
CDD NegDev onzn 8 6 4.72 13.41 0 . 0 0 65.00
HDD PosDev misi 8 6 12.28 23.76 0 . 0 0 111.70
HDD NegDev misi 8 6 17.01 28.93 0 . 0 0 178.20
CDD PosDev misi 8 6 5.29 12.73 0 . 0 0 6 8 . 0 0

CDD NegDev misi 8 6 5.74 13.28 0 . 0 0 73.80
HDD PosDev nysi 8 6 8.97 20.71 0 . 0 0 121.80
HDD NegDev nysi 8 6 14.34 28.30 0 . 0 0 139.00
CDD PosDev nysi 8 6 6.35 14.19 0 . 0 0 61.30
CDD NegDev nysi 8 6 5.52 14.14 0 . 0 0 73.30

159 The p-value relates the test of statistical significance of the correlation coefficient, where the null and 
alternative hypotheses are that the correlation is zero and otherwise, respectively.
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Figure V-Dl: Scatter plot of M CP against payout for paths under consideration
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Figure V-D2: ST FTR: Time series plots of M CP and payout for paths under consideration
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Appendix V-E: Estimation results for pooled ST FTR data

Table V-El: OLS on pooled cross-section: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0 . 6 6 6

(0.123)****
0.550

(0.152)****
0.648

(0.119)****
0.502

(0.150)****

1 / t
-612.205

(1157.396)
116.393

(1174.935)

M C P / t
3.519

(3.758)
4.451

(3.841)
N atural gas 

price
-698.729
(444.198)

-823.973
(437.854)*

N atural gas 
capacity ratio

-6358.560
(5343.439)

-5994.569
(5406.783)

NG price * NG 
capacity ratio

1801.989
(900.358)**

2167.606
(881.829)**

Risk-free rate
-95.337

(48.634)*
-54.333
(47.685)

Constant
448.649

(108.296)****
413.054

(135.897)***
3005.781

(2902.257)
2401.202

(2994.329)
R-square 0.231 0.245 0.254 0.281

Adj. R-square 0.218 0.226 0.230 0.253
AIC 5035.448 5034.246 5034.672 5027.791
BIC 5057.590 5063.768 5071.576 5072.075

Root MSE 1184.237 1177.945 1174.944 1157.599
Overall F-stat 17.456 (0.000) 13.332 (0.000) 10.808 (0 .0 0 0 ) 10.077 (0.000)

n 296 296 296 296
Break =0 F-stat 2.797 (0.026) 2.380 (0.052) 3.555 (0.008) 3.608 (0.007)
Condition No. 1.82 1.82 1.82 1.82

M ean VIF 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0

BP, standard 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0.004 0 . 0 0 1 0 . 0 0 0 0 . 0 0 0

BP, F-stat 0.004 0 . 0 0 1 0 . 0 0 0 0 . 0 0 0

W hite's test 0.042 0.327 0 . 1 0 1 0.129
Skew-kurt test 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0

Linktest -0.716 0.360 -0.105 1.264
RESET test 0.14 0.23 0 . 0 0 0 . 0 0
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Note: Huber-White standard errors reported in parentheses. Structural break dum m y 
variable estimates omitted from the table. Reported results for BP, W hite's, skewness- 
kurtosis, and RESET tests are p-values. For Linktest, the reported value is the t-statistic 
associated with the squared term. For Condition No. (number) and M ean VIF, the 
reported values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl

Table V-E2: OLS on pooled cross-section: Hypothesis test results

M odel (I) M odel (II) M odel (III) M odel (IV)
Hypothesis A 17.2 (0.000) 9.2 (0.003) 1.1 (0.301) 0.6 (0.423)
Hypothesis B 29.5 (0.000) 13.1 (0.000) 29.6 (0.000) 1 1 . 2  (0 .0 0 1 )
Hypothesis C 7.4 (0.007) 8 . 8  (0.003) 8 . 8  (0.003) 1 1 . 1  (0 .0 0 1 )
Hypothesis D 1 1 . 6  (0 .0 0 0 ) 9.3 (0.000) 4.5 (0.011) 5.6 (0.004)
Hypothesis E 0.3 (0.597) 0.0 (0.921)
Hypothesis F 0.9 (0.350) 1.3 (0.248)
Hypothesis G 0.4 (0.642) 1.1 (0.347)

Note: This table reports F-statistics, with associated p-values in parentheses.
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Table V-E3: Tobit on pooled cross-section: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0.872

(0.165)****
0.654

(0.187)****
0.822

(0.158)****
0.551

(0.182)***

1 / t
-2140.950
(2469.952)

-977.616
(2241.654)

M C P / t
6.560

(4.512)
8.166

(4.433)*
N atural gas 

price
-878.432
(657.668)

-1166.868
(636.639)*

N atural gas 
capacity ratio

-7125.963
(7820.418)

-8124.681
(7528.876)

NG price * NG 
capacity ratio

2311.879
(1362.853)*

3065.828
(1327.482)**

Risk-free rate
-24.111
(88.566)

37.378
(89.301)

Constant
-77.580

(142.279)
-55.980

(192.805)
2372.853

(4210.703)
2281.941

(4121.619)

Sigma
1584.537

(223.985)****
1565.118

(218.304)****
1555.954

(208.970)****
1515.940

(192.731)****
M acKinnon R2 0.031 0.034 0.034 0.038
McK.-Zav. R2 0.324 0.343 0.348 0.381
Cragg-Uhl. R2 0.296 0.315 0.316 0.348
Cox-Snell R2 0.296 0.315 0.316 0.348

AIC 3249.551 3245.317 3248.939 3238.670
BIC 3275.384 3278.530 3289.533 3286.645

Break=0 F-test 7.113 (0.000) 7.115 (0.000) 8.442 (0.000) 9.013 (0.000)
Chi2-stat. 103.760 (0.000) 111.994 (0.000) 112.372 (0.000) 126.641 (0.000)

Overall F-stat. 11.465 (0.000) 9.230 (0.000) 8.173 (0.000) 7.663 (0.000)
n 296 296 296 296

Note: Huber-W hite standard errors reported in parentheses. Structural break dum m y 
variable estimates omitted from the table.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-E4: Tobit on pooled cross-section: Hypothesis test results

M odel (I) M odel (II) M odel (III) M odel (IV)
H ypothesis A 0.3 (0.586) 0.1 (0.772) 0.3 (0.574) 0.3 (0.580)
Hypothesis B 28.0 (0 .0 0 0 ) 12.3 (0.001) 27.1 (0.000) 9.1 (0.003)
H ypothesis C 0.6 (0.437) 3.4 (0.065) 1.3 (0.259) 6.1 (0.014)
H ypothesis D 0.9 (0.408) 2.3 (0.106) 0.7 (0.487) 3.1 (0.046)
Hypothesis E 0.8 (0.387) 0.2 (0.663)
Hypothesis F 2.1 (0.147) 3.4 (0.067)
Hypothesis G 1.1 (0.326) 2.2 (0.115)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-E5: Panel data with fixed path-specific effects: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0.510

(0.092)**
0.504

(0.105)**
0.471

(0.049)***
0.453

(0.072)***

1 / t
-112.569

(1231.685)
606.713

(1210.669)

M C P / t
0.213

(2.458)
1.233

(2.251)
Natural gas 

price
-940.128

(365.938)*
-935.233

(311.933)*
N atural gas 

capacity ratio
-7883.623
(3602.403)

-6789.600
(2759.859)*

NG price * NG 
capacity ratio

2344.709
(672.288)**

2391.587
(593.551)**

Risk-free rate
-21.170
(51.837)

-4.744
(64.143)

Constant
625.297

(53.390)***
629.790

(61.712)***
3773.362

(2218.724)
2966.302

(1847.416)
corr(u_i, Xb) -0.440 -0.433 -0.514 -0.459

s.e. u_i 543.650 536.045 612.292 546.291
s.e. e_it 1155.361 1159.350 1137.976 1137.207

Rho 0.181 0.176 0.225 0.187
All u_i=0 F-test 5.893 (0.001) 4.104 (0.007) 7.295 (0.000) 4.426 (0.005)

Overall R2 0.176 0.178 0.192 0.214
Log Likelihood -2502.878 -2502.863 -2496.313 -2495.063
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Overall F-test 16.886 (0 .0 0 0 ) 11.982 (0.000) 11.096 (0.000) 9.307 (0.000)
n 296 296 296 296

Breaks=0 F-test 6.453 (0.000) 4.735 (0.001) 8.054 (0.000) 5.953 (0.000)
Wald HC test 0.030 0.036 0.055 0.064

Woold. AC test 0.029 0.027 0.046 0.044
BP CD test 0.077 0.089 0.193 0.367

Pesaran test 0.028 0.017 0.093 0.094
Note: Huber-White robust panel standard errors are reported in parentheses.
Coefficient estimates are common among the three cases. 'corr(u_i, Xb)' refers to the 
correlation between u_i and the regressors listed. 'Rho' refers to the fraction of variation 
that is due to u_i. HC, AC, and CD denote heteroskedasticity, autocorrelation, and 
cross-sectional dependence, respectively (reported figures are p-values).
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V-E6: Panel data with fixed path-specific effects: Hypothesis test results

Model (I) Model (II) M odel (III) M odel (IV)
Hypothesis A 137.2 (0.001) 104.1 (0.002) 2.9 (0.188) 2.6 (0.207)
Hypothesis B 30.9 (0.011) 22.9 (0.017) 91.1 (0.002) 40.0 (0.008)
Hypothesis C 28.6 (0.013) 2 2 . 1  (0.018) 115.1 (0.002) 58.4 (0.005)
Hypothesis D 137.2 (0.001) 53.5 (0.005) 109.6 (0.002) 29.5 (0.011)
Hypothesis E 0.0 (0.933) 0.3 (0.651)
Hypothesis F 0.0 (0.936) 0.3 (0.622)
Hypothesis G 0.0 (0.993) 2 . 0  (0.286)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-E7: Tobit with dummy variables on pooled cross-section: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0.593

(0.117)****
0.552

(0.161)****
0.483

(0.119)****
0.422

(0.166)**

1 / t
-1012.884
(2314.202)

19.815
(2158.644)

M C P / t
1.427

(5.563)
3.008

(5.499)
N atural gas 

price
-1229.564
(677.859)*

-1277.082
(660.321)*

N atural gas 
capacity ratio

-9786.897
(7790.097)

-9304.917
(7629.767)

NG price * NG 
capacity ratio

3119.249
(1390.408)**

3288.392
(1363.232)**

Risk-free rate
109.114
(84.669)

121.545
(88.441)

C onstant
1283.383

(401.666)***
1277.418

(505.323)**
4872.424

(4237.664)
4130.773

(4289.195)

Sigma
1521.815

(220.914)****
1521.497

(219.828)****
1473.989

(205.090)****
1466.571

(196.195)****
M acKinnon R2 0.039 0.040 0.044 0.045
McK.-Zav. R2 0.378 0.380 0.420 0.426
Cragg-Uhl. R2 0.358 0.360 0.392 0.396
Cox-Snell R2 0.358 0.360 0.392 0.396

AIC 3227.973 3231.092 3219.913 3221.851
BIC 3264.876 3275.377 3271.578 3280.897

Break=0 F-test 9.552 (0.000) 7.603 (0.000) 12.088 (0 .0 0 0 ) 9.427 (0.000)
Overall F-stat. 9.598 (0.000) 8.393 (0.000) 8.067 (0.000) 7.582 (0.000)

n 296 296 296 296
Note: Huber-W hite standard errors reported in parentheses. Structural break dum m y 
variable estimates omitted from  the table.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl
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Table V-E8: Tobit with dummy variables on pooled cross-section: Hypothesis test results

Model (I) M odel (II) M odel (III) M odel (IV)
H ypothesis B 25.5 (0.000) 11.7 (0.001) 16.6 (0 .0 0 0 ) 6.5 (0.012)
Hypothesis C 1 2 . 0  (0 .0 0 1 ) 7.7 (0.006) 18.9 (0.000) 1 2 . 1  (0 .0 0 1 )
Hypothesis E 0 . 2  (0.662) 0.0 (0.993)
H ypothesis F 0.1 (0.798) 0.3 (0.585)
Hypothesis G 0.1 (0.903) 0.3 (0.759)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-E9: Panel Tobit with fixed-effects: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0.699

(0.182)****
0.586

(0.197)***
0.639

(0 .1 2 1 )****
0.500

(0.164)***

1 / t
-2967.355
(5594.541)

-254.771
(3120.609)

M C P / t
4.477

(5.663)
8.802

(2.154)****
Natural gas 

price
-1069.591
(2275.172)

-1680.799
(1926.247)

Natural gas 
capacity ratio

-8754.408
(21016.952)

-11052.980
(18566.424)

NG price * NG 
capacity ratio

3518.055
(4275.340)

4996.557
(3677.296)

Risk-free rate
102.970

(278.524)
104.331

(178.862)
Constant 448.649 413.054 3005.781 2401.202
Chi2 -stat. 512.730 (0.000) 163.270 (0.000) 81.130 (0.000) 35.200 (0.000)

n 296 296 296 296
Note: The fixed-effects Tobit procedure is due to Honore (1992). Estimates Unadjusted 
standard errors reported in parentheses. A standard error is not generated for the 
constant term.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-E10: Panel Tobit with fixed-effects: Hypothesis test results

M odel (I) M odel (II) M odel (III) M odel (IV)
H ypothesis B 14.8 (0.000) 8.9 (0.003) 28.0 (0 .0 0 0 ) 9.3 (0.002)
H ypothesis C 2.7 (0.098) 4.4 (0.035) 8.9 (0.003) 9.3 (0.002)
H ypothesis E 0.3 (0.596) 0.0 (0.935)
Hypothesis F 0.6 (0.429) 16.7 (0.000)
H ypothesis G 1.1 (0.571) 69.1 (0.000)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V -E ll: Panel data with random path-specific effects: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0 . 6 6 6

(0.094)****
0.550

(0.082)****
0.648

(0.104)****
0.502

(0.046)****

1 / t
-612.205

(1177.992)
116.393

(1183.613)

M C P / t
3.519

(2 .1 2 1 )*
4.451

(1.633)***
N atural gas 

price
-698.729

(363.537)*
-823.973

(262.742)***
N atural gas 

capacity ratio
-6358.560
(4087.864)

-5994.569
(3092.269)*

NG price * NG 
capacity ratio

1801.989
(665.401)***

2167.606
(470.274)****

Risk-free rate
-95.337

(50.359)*
-54.333
(59.900)

Constant
448.649

(154.553)***
413.054

(172.282)**
3005.781

(2315.729)
2401.202

(1851.956)
s.e. u_i 0 0 0 0

s.e. e_it 1155.361 1159.350 1137.976 1137.207
Rho 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Breaks=0 chi2 11.189 (0.025) 9.522 (0.049) 14.222 (0.007) 14.431 (0.006)
BP RE test 0.710 0.640 0.957 0.900

Pesaran test 0.019 0 . 0 1 2 0.058 0.064
Overall R2 0.231 0.245 0.254 0.281

Over. chi2-test 87.281 (0.000) 93.322 (0.000) 97.273 (0.000) 110.844 (0.000)
N 296 296 296 296
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Note: Huber-W hite robust panel standard errors are reported in parentheses. 'Rho' 
refers to the fraction of variation that is due to u_i.
* p<0.1, ** pcO.05, *** p<0.01, **** p<0.001

Table V-E12: Panel data with random path-specific effects: Hypothesis test results

M odel (I) M odel (II) M odel (III) M odel (IV)
Hypothesis A 8.4 (0.004) 5.7 (0.017) 1.7 (0.194) 1.7 (0.195)
H ypothesis B 49.7 (0.000) 44.4 (0.000) 39.1 (0.000) 119.6 (0.000)
H ypothesis C 12.5 (0.000) 29.8 (0.000) 1 1 . 6  (0 .0 0 1 ) 117.9 (0.000)
H ypothesis D 358.8 (0.000) 65.6 (0.000) 1 2 . 1  (0 .0 0 2 ) 118.8 (0 .0 0 0 )
H ypothesis E 0.3 (0.603) 0.0 (0.922)
H ypothesis F 2.8 (0.097) 7.4 (0.006)
H ypothesis G 5.2 (0.073) 157.7 (0.000)

Note: This table reports Chi2-statistics/ w ith associated p-values in parentheses.

Table V-E13: Tobit with random path-specific effects: Estimates and diagnostic tests

M odel (I) M odel (II) M odel (III) M odel (IV)

MCP
0.636

(0.136)****
0.654

(0.147)****
0.522

(0.143)****
0.551

(0.153)****

1 / t
-2140.853

(1147.769)*
-977.616

(1148.547)

M C P / t
6.560

(2.336)***
8.166

(2.310)****
Natural gas 

price
-1180.511
(808.924)

-1166.868
(817.956)

Natural gas 
capacity ratio

-9414.742
(9470.161)

-8124.681
(9673.330)

NG price * NG 
capacity ratio

3008.561
(1782.062)*

3065.828
(1804.354)*

Risk-free rate
93.165

(123.170)
37.378

(122.316)

Constant
70.624

(395.624)
-55.977

(183.726)
3319.771

(4667.158)
2281.941

(4776.058)

Sigma of u_i
713.973

(304.933)**
0 . 0 0 0 837.268

(340.072)**
0 . 0 0 0

Sigma of e_it 1531.701 1565.106 1484.115 1515.940
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(83.421)**** (85.199)**** (80.602)**** (82.341)****
Log likelihood -1611.433 -1613.658 -1604.041 -1606.335

AIC 3238.866 3247.317 3232.081 3240.670
BIC 3268.388 3284.220 3276.366 3292.335

Over. chi2-test 87.762 (0.000) 112.918 (0.000) 103.183 (0.000) 129.572 (0.000)
N 296 296 296 296

Note: Unadjusted standard errors reported in parentheses. 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-E14: Tobit with random path-specific effects: Hypothesis test results

M odel (I) M odel (II) M odel (III) M odel (IV)
Hypothesis A 0.0 (0.858) 0.1 (0.761) 0.5 (0.477) 0.2 (0.633)
H ypothesis B 2 2 . 0  (0 .0 0 0 ) 19.8 (0.000) 13.4 (0.000) 13.0 (0.000)
Hypothesis C 7.2 (0.007) 5.5 (0.019) 1 1 . 2  (0 .0 0 1 ) 8.7 (0.003)
H ypothesis D 7.3 (0.026) 7.2 (0.027) 11.8 (0.003) 8 . 8  (0 .0 1 2 )
Hypothesis E 3.5 (0.062) 0.7 (0.395)
H ypothesis F 7.9 (0.005) 12.5 (0.000)
Hypothesis G 7.9 (0.019) 14.3 (0.001)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-E15: Hausman test: Comparison of linear fixed- and random-effects models

M odel (I) M odel (II) M odel (III) M odel (IV)
H ausm an test 

p-value
0.003 0.052 0.004 0.194
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Table V-E16: Hausman-like comparison: Estimates off} under censored data estimators

Model (I) Model (II) Model (III) Model (IV)

FE Tobit
0.593 

(0.117)****
0.552

(0.161)****
0.483

(0.119)****
0.422

(0.166)**

FE Honore
0.699

(0.182)****
0.586

(0.197)***
0.639

(0 .1 2 1 )****
0.500

(0.164)***

RE Tobit
0.636

(0.136)****
0.654

(0.147)****
0.522

(0.143)****
0.551

(0.153)****
Diff. of RE 

from Honore
-9.0% +1 1 .6 % -18.3% +1 0 .2 %

RE within 95% 
Cl of FE

Yes Yes Yes Yes

Note: The percentage difference between RE Tobit and Honore ("Diff. of RE from 
Honore") considers as the base. A positive deviation implies RE Tobit estimate is 
smaller than Honore.
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Appendix V-F: Estimation results for path-by-path OLS analysis w ith ST FTR data

Table V-F l: Panel A: OLS: misi to onzn: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
1.273 1.273 0.805 0.805

(0.235)**** (0.404)**** (0.291)*** (0.525)

1 / t
-3514.000 -3514.000
(2170.748) (2916.216)

M C P / t
7.767

(3.202)**
7.767

(5.863)

Constant
-25.730 -25.730 57.897 57.897

(205.807) (118.931) (210.549) (127.132)
R-square 0.289 0.352

Adj. R-square 0.279 0.324
AIC 1271.579 1268.794
BIC 1276.187 1278.010

Root MSE 1286.245 1246.036
Overall F-stat 29.310 (0.000) 9.925 (0.002) 12.651 (0.000) 6.386 (0.001)

n 74 74 74 74
Condition No. 2.32 5.78

M ean VIF 1 . 0 0 3.55
BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0 . 0 0 0 0 . 0 0 0

BP, F-stat 0 . 0 0 0 0 . 0 0 0

W hite's test 0 . 0 0 1 0 . 0 0 2

DW value 1.19 1.26
Skew-kurt test 0 . 0 0 0 -0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest -0.28 -0.23 1.58 1.03
RESET test 0.016 0 . 0 0 0

Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, W hite’s, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-Fl: Panel B: OLS: misi to onzn: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
0.746 0.746 0.248 0.248

(0.340)** (0.372)** (0.382) (0.398)
HDD PosDev -2.466 -2.446 -1.591 -1.591

onzn (1.551) (1.199)** (1.552) (1.233)
HDD NegDev 1.889 1.889 -1.801 -1.801

onzn (6.325) (3.457) (6.247) (4.378)
CDD PosDev -17.758 -17.758 -20.113 -20.113

onzn (13.553) (19.228) (13.073) (18.608)
CDD NegDev -53.193 -53.193 -53.911 -53.911

onzn (23.523)** (21.132)** (22.728)** (21.365)**
HDD PosDev 12.506 12.506 8.542 8.542

misi (6.116)** (11.239) (6.106) (7.070)
HDD NegDev -8.599 -8.599 -3.950 -3.950

misi (9.203) (4.797)* (9.040) (5.865)
CDD PosDev 52.802 52.802 57.836 57.836

misi (17.923)*** (30.295)* (17.382)*** (30.346)*
CDD NegDev 28.018 28.018 34.477 34.477

misi (24.294) (17.072) (23.501) (16.399)**
Natural gas 2745.552 2745.552 1997.574 1997.574

price (1250.595)** (1154.469)** (1236.662) (1361.119)
Natural gas 23831.689 23831.689 19074.383 19074.383

capacity ratio (14259.734)* (11201.093)** (13910.887) (12229.859)
NG price * NG -5755.624 -5755.624 -3839.983 -3839.983
capacity ratio (2722.212)** (2564.675)** (2724.845) (2999.414)

Risk-free
-271.713

(151.297)*
-271.713

(113.826)*
-196.227
(150.538)

-196.227
(124.479)

1 / t
-3058.292 -3058.292
(2003.020) (2522.572)

M C P/ t
8.313

(3.317)**
8.313

(5.746)

Constant
-11253.652 -11253.652 -9919.170 -9919.170
(6940.874) (5228.575)** (6769.070) (5664.815)*

R-square 0.554 0.601
Adj. R-square 0.457 0.498

AIC 1261.116 1256.875
BIC 1293.372 1293.740
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Root MSE 1116.309 1073.905
Overall F-stat 5.731 (0.000) 2.480 (0.000) 5.822 (0.000) 3.392 (0.000)

n 74 74 74 74
Condition No. 308.19 326.42

Mean VIF 49.51 46.32
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.445 0.445
DW value 1.68 1.82

Skew-kurt test 0.000 0.000 0.001 0.001
Linktest 6.73 4.10 6.67

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-W est estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001
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Table V-Fl: Panel C: OLS: misi to onzn: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP 1.110 1.110 0.273 0.273
(0.244)**** (0.370)*** (0.317) (0.477)

Lag of Profit
0.399

(0.117)***
0.399

(0.171)**
0.389

(0.108)****
0.389

(0.189)**

1 / t
-21927.751 -21927.751

(7384.836)*** (13782.050)

MCP/ t
22.927

(6.639)***
22.927

(13.422)*

Constant
42.587 42.587 541.899 541.899

(215.089) (124.992) (261.715)** (273.913)**
R-square 0.403 0.513

Adj. R-square 0.384 0.481
AIC 1131.176 1121.654
BIC 1137.745 1132.602

Root MSE 1246.862 1143.757
Overall F-stat 21.224 (0.000) 12.937 (0.000) 16.079 (0.000) 10.183 (0.000)

n 66 66 66 66
Condition No. 2.50 12.85

Mean VIF 1.06 10.21
BP, standard 0.000 0.000

BP, N*R2 0.024 0.000
BP, F-stat 0.024 0.000

White's test 0.157 0.054
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest -0.49 -0.36 1.35 0.88
RESET test 0.894 0.393

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and Mean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-Fl: Panel D: OLS: misi to onzn: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.724 0.724 -0.907 -0.907

(0.379)* (0.421)* (0.502)* (0.558)
HDD PosDev -2.271 -2.271 -1.948 -1.948

onzn (1.595) (1.169)* (1.439) (1.160)*
HDD NegDev -1.888 -1.888 -3.122 -3.122

onzn (6.802) (3.489) (5.987) (4.412)
CDD PosDev -18.837 -18.837 -17.160 -17.160

onzn (14.215) (19.910) (12.386) (20.080)
CDD NegDev -25.074 -25.074 -56.892 -56.892

onzn (28.058) (19.306) (25.570)** (25.570)*
HDD PosDev 17.508 17.508 3.690 3.690

misi (7.250)** (15.215) (7.075) (5.833)
HDD NegDev -3.068 -3.068 -0.510 -0.510

misi (10.231) (5.866) (8.932) (6.728)
CDD PosDev 51.100 51.100 56.223 56.223

misi (19.516)** (33.314) (17.096)*** (34.143)
CDD NegDev 8.626 8.626 35.683 35.683

misi (26.954) (13.798) (24.258) (20.723)*
Natural gas 1793.237 1793.237 2922.151 2922.151

price (1479.514) (1277.516) (1353.037)** (1662.009)*
Natural gas 14618.175 14618.175 22521.439 22521.439

capacity ratio (16414.514) (11963.602) (14451.276) (15126.439)
NG price * NG -3805.072 -3805.072 -5809.586 -5809.586
capacity ratio (3171.072) (2737.074) (2918.216)* (3546.519)

Risk-free
-235.368
(172.250)

-235.368
(136.873)*

-216.075
(152.057)

-216.075
(131.422)

Lag of Profit
0.264

(0.133)*
0.264

(0.129)**
0.151

(0.119)
0.151

(0.156)

1 / t
-30984.075 -30984.075

(8323.976)**** (10163.193)***

MCP/ t
30.590

(7.290)****
30.590

(9.596)***

Constant
-6580.702 -6580.702 -10640.465 -10640.465
(8085.428) (5756.909) (7090.717) (7213.648)

R-square 0.603 0.712
Adj. R-square 0.494 0.618

339



AIC 1128.156 1110.986
BIC 1161.001 1148.210

Root MSE 1129.282 981.386
Overall F-stat 5.539 (0.000) 3.704 (0.000) 7.576 (0.000) 7.141 (0.000)

n 66 66 66 66
Condition No. 337.40 326.42

Mean VIF 53.25 46.32
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.442 0.442
Skew-kurt test 0.000 0.000 0.027 0.027

Linktest 4.47 3.63 3.96 4.27
RESET test 0.000 0.000

Point estimates from OLS and Newey-West estimation approaches are the same.
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and M ean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-FZ: Panel A: OLS: misi to onzn: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 0.0 (0.901) 0.0 (0.829) 0.1 (0.784) 0.2 (0.650)
Hypothesis B 29.3 (0.000) 9.9 (0.002) 7.6 (0.007) 2.4 (0.129)
Hypothesis C 1.3 (0.250) 0.5 (0.502) 0.4 (0.506) 0.1 (0.712)
Hypothesis D 1.1 (0.338) 0.3 (0.735) 0.2 (0.787) 0.1 (0.901)
Hypothesis E 2.6 (0.110) 1.5 (0.232)
Hypothesis F 5.9 (0.018) 1.8 (0.190)
Hypothesis G 3.4 (0.040) 1.0 (0.385)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F2: Panel B: OLS: misi to onzn: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 2.6 (0.110) 4.6 (0.035) 2.1 (0.148) 3.1 (0.085)
Hypothesis B 4.8 (0.032) 4.0 (0.049) 0.4 (0.518) 0.4 (0.534)
Hypothesis C 0.6 (0.459) 0.5 (0.497) 3.9 (0.054) 3.6 (0.064)
Hypothesis D 1.4 (0.267) 2.4 (0.101) 2.5 (0.088) 2.7 (0.075)
Hypothesis E 2.3 (0.132) 1.5 (0.230)
Hypothesis F 6.3 (0.015) 2.1 (0.153)
Hypothesis G 3.4 (0.040) 1.1 (0.335)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F2: Panel C: OLS: misi to onzn: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 0.0 (0.844) 0.1 (0.734) 4.3 (0.043) 3.9 (0.052)
Hypothesis B 20.7 (0.000) 9.0 (0.004) 0.7 (0.393) 0.3 (0.569)
Hypothesis C 0.2 (0.653) 0.1 (0.766) 5.2 (0.025) 2.3 (0.133)
Hypothesis D 0.4 (0.702) 0.4 (0.654) 2.8 (0.070) 2.0 (0.150)
Hypothesis E 8.8 (0.004) 2.5 (0.117)
Hypothesis F 11.9 (0.002) 2.9 (0.093)
Hypothesis G 6.9 (0.002) 1.8 (0.178)
Hypothesis J 11.6 (0.001) 5.4 (0.023) 13.0 (0.001) 4.2 (0.044)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F2: Panel D: OLS: misi to onzn: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 0.7 (0.419) 1.3 (0.258) 2.3 (0.140) 2.2 (0.147)
Hypothesis B 3.7 (0.062) 3.0 (0.092) 3.3 (0.077) 2.6 (0.110)
Hypothesis C 0.5 (0.469) 0.4 (0.514) 14.4 (0.000) 11.7 (0.001)
Hypothesis D 0.4 (0.642) 0.7 (0.516) 7.3 (0.002) 6.0 (0.005)
Hypothesis E 13.9 (0.001) 9.3 (0.004)
Hypothesis F 17.6 (0.000) 10.2 (0.002)
Hypothesis G 9.3 (0.000) 5.1 (0.010)
Hypothesis J 3.9 (0.053) 4.2 (0.046) 1.6 (0.211) 0.9 (0.338)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F3: Panel A: OLS: nysi to onzn: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
-0.155 -0.155 0.132 0.132
(0.586) (0.166) (0.621) (0.153)

1 / t
5879.442 5879.442

(1025.504)**** (315.745)****

MCP/ t
-12.696

(4.048)***
-12.696

(1.518)****

Constant
214.662

(123.228)*
214.662

(118.987)*
-1.638

(109.316)
-1.638

(95.108)
R-square 0.001 0.355

Adj. R-square -0.013 0.328
AIC 1219.928 1191.064
BIC 1224.563 1200.334

Root MSE 813.027 662.193
Overall F-stat 0.070 (0.792) 0.843 (0.362) 13.050 (0.000) 236.412 (0.000)

n 75 75 75 75
Condition No. 2.16 5.09

Mean VIF 1.00 3.05
BP, standard 0.429 0.700

BP, N*R2 0.832 0.936
BP, F-stat 0.835 0.937

White's test 0.506 0.980
DW value 1.08 1.13

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest -1.37 -1.42 0.71 0.77

RESET test 0.056 0.526
Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-F3: Panel B: OLS: nysi to onzn: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
-0.810 -0.810 -0.391 -0.391
(0.758) (0.548) (0.785) (0.678)

HDD PosDev -0.986 -0.986 -0.155 -0.155
onzn (1.092) (0.826) (0.883) (0.384)

HDD NegDev -2.135 -2.135 -2.732 -2.732
onzn (4.789) (2.990) (4.278) (3.349)

CDD PosDev 6.239 6.239 7.856 7.856
onzn (6.540) (6.691) (5.180) (6.412)

CDD NegDev -7.277 -7.277 -1.780 -1.780
onzn (10.457) (5.962) (8.340) (3.247)

HDD PosDev -3.240 -3.240 -0.115 -0.115
nysi (4.702) (3.056) (4.058) (1.636)

HDD NegDev 3.548 3.548 4.296 4.296
nysi (7.163) (4.062) (6.215) (4.256)

CDD PosDev 15.907 15.907 15.903 15.903
nysi (8.112)* (12.782) (6.405)** (12.547)

CDD NegDev 0.548 0.548 2.778 2.778
nysi (3.693) (3.373) (7.659) (2.364)

Natural gas -358.190 -358.190 -439.016 -439.016
price (800.644) (694.011) (658.612) (371.593)

Natural gas -10132.464 -10132.464 -5834.842 -5834.842
capacity ratio (9622.936) (11010.653) (7858.920) (5883.376)

NG price * NG 769.831 769.831 1146.151 1146.151
capacity ratio (1758.859) (1466.871) (1470.874) (850.560)

Risk-free
-206.878

(118.696)*
-206.878
(140.230)

-101.584
(96.757)

-101.584
(102.530)

1 / t
5674.202 5674.202

(1064.636)**** (431.919)****

MC P/ t
-8.620

(4.938)*
-8.620

(2.615)***

Constant
5503.945 5503.945 2316.903 2316.903

(4714.820) (5788.715) (3834.291) (2910.809)
R-square 0.224 0.532

Adj. R-square 0.058 0.413
AIC 1225.019 1191.027
BIC 1257.464 1228.107 ^
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Root MSE 784.070 618.863
Overall F-stat 1.351 (0.210) 0.590 (0.853) 4.474 (0.000) 142.090 (0.000)

n 75 75 75 75
Condition No. 283.16 303.78

Mean VIF 41.68 40.52
BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0 . 0 0 0 0.019
BP, F-stat 0 . 0 0 0 0.018

White's test 0.446 0.446
DW value 1.40 1.73

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 3.10 1 . 6 8 0.75 0.35
RESET test 0 . 0 0 1 0.036

Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl
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Table V-F3: Panel C: OLS: nysi to onzn: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
-0.215 -0.215 0.692 0.692
(0.511) (0.272) (0.724) (0.490)

Lag of Profit
0.274

(0.091)***
0.274

(0.176)
0.333

(0.098)***
0.333

(0.185)*

1 / t
2735.048 2735.048

(4057.118) (3200.526)

MC P/ t
-10.497
(8.822)

-10.497
(9.041)

Constant
159.330 159.330 42.542 42.542

(103.943) (93.604)* (152.392) (64.138)
R-square 0.124 0.165

Adj. R-square 0.097 0 . 1 1 2

AIC 1076.142 1076.836
BIC 1082.801 1087.934

Root MSE 646.981 641.387
Overall F-stat 4.587 (0.014) 1.733 (0.185) 3.118 (0.021) 1.035 (0.396)

n 6 8 6 8 6 8 6 8

Condition No. 2 . 2 0 11.98
Mean VIF 1 . 0 0 9.63

BP, standard 0.000 0.000
BP, N*R2 0 . 0 1 1 0.006
BP, F-stat 0 . 0 1 0 0.005

White's test 0.000 0.000
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest -2.23 -1 . 0 2 -0.41 -0 . 2 2

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-W est standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and Mean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001

345



Table V-F3: Panel D: OLS: nysi to onzn: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
-0.352 -0.352 -0.029 -0.029
(0.689) (0.424) (1.236) (0.658)

HDD PosDev -0.292 -0.292 -0.409 -0.409
onzn (0.893) (0.349) (0.932) (0.349)

HDD NegDev -3.529 -3.529 -2.669 -2.669
onzn (4.244) (3.743) (4.601) (3.824)

CDD PosDev 10.055 10.055 10.651 10.651
onzn (5.550)* (6.273) (5.751)* (6.134)*

CDD NegDev -0.880 -0.880 -1.105 -1.105
onzn (10.273) (2.518) (10.608) (2.557)

HDD PosDev -0.392 -0.392 0.533 0.533
nysi (4.095) (0.944) (5.118) (1.619)

HDD NegDev 5.180 5.180 4.123 4.123
nysi (6.329) (4.854) (6.784) (5.014)

CDD PosDev 10.268 10.268 8.432 8.432
nysi (7.706) (11.340) (8.504) (12.288)

CDD NegDev 0.089 0.089 -0.679 -0.679
nysi (9.109) (2.332) (9.362) (2.424)

Natural gas -239.077 -239.077 -116.890 -116.890
price (727.714) (460.127) (876.662) (584.902)

Natural gas -5229.385 -5229.385 -4310.037 -4310.037
capacity ratio (8592.816) (6730.633) (9206.556) (7479.620)

NG price * NG 640.718 640.718 303.011 303.011
capacity ratio (1599.157) (1018.368) (1955.806) (1310.481)

Risk-free
-121.322
(102.366)

-121.322
(94.616)

-118.597
(108.263)

-118.597
(93.020)

Lag of Profit
0.162

(0.115)
0.162

(0.121)
0.213

(0.149)
0.213

(0.173)

1 / t -742.481 -742.481
(7364.032) (3027.629)

MCP/ t
-1.291

(15.143)
-1.291
(5.623)

Constant
2474.579 2474.579 2246.307 2246.307

(4216.036) (3354.369) (4380.629) (3607.100)
R-square 0.323 0.327

Adj. R-square 0.144 0.116
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AIC 1082.581 1086.173
BIC 1115.874 1123.904

Root MSE 629.697 639.999
Overall F-stat 1.807 (0.062) 0.469 (0.940) 1.550 (0.119) 0.477 (0.947)

n 6 8 6 8 6 8 6 8

Condition No. 303.84 303.78
Mean VIF 43.14 40.52

BP, standard 0.000 0.000
BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.443 0.443
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest 1.25 0 . 8 6 0.83 0.54
RESET test 0.000 0.000

Point estimates from OLS and Newey-West estimation approaches are the same.
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and M ean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl

Table V-F4: Panel A: OLS: nysi to onzn: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 3.0 (0.086) 3.3 (0.075) 0.0 (0.988) 0.0 (0.986)
Hypothesis B 0.1 (0.792) 0.8 (0.362) 0.0 (0.832) 0.8 (0.389)
Hypothesis C 3.9 (0.053) 46.8 (0.000) 2.0 (0.167) 32.3 (0.000)
Hypothesis D 2 . 1  (0.126) 28.3 (0.000) 1 . 6  (0 .2 0 0 ) 16.1 (0 .0 0 0 )
Hypothesis E 32.9 (0.000) 346.7 (0.000)
Hypothesis F 9.8 (0.002) 70.0 (0.000)
Hypothesis G 19.5 (0.000) 340.3 (0.000)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F4: Panel B: OLS: nysi to onzn: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 1.4 (0.248) 0.9 (0.345) 0.4 (0.548) 0.6 (0.429)
Hypothesis B 1.1 (0.290) 2.2 (0.145) 0.2 (0.620) 0.3 (0.567)
Hypothesis C 5.7 (0.020) 10.9 (0.002) 3.1 (0.082) 4.2 (0.045)
Hypothesis D 3.8 (0.027) 5.8 (0.005) 1.7 (0.194) 2.2 (0.121)
Hypothesis E 28.4 (0.000) 172.6 (0.000)
Hypothesis F 3.0 (0.086) 10.9 (0.002)
Hypothesis G 19.5 (0.000) 222.3 (0.000)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F4: Panel C: OLS: nysi to onzn: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 2.3 (0.130) 2.9 (0.094) 0.1 (0.781) 0.4 (0.510)
Hypothesis B 0.2 (0.675) 0.6 (0.432) 0.9 (0.343) 2.0 (0.163)
Hypothesis C 5.6 (0.020) 20.0 (0.000) 0.2 (0.672) 0.4 (0.532)
Hypothesis D 2.8 (0.067) 11.1 (0.000) 0.1 (0.912) 0.3 (0.733)
Hypothesis E 0.5 (0.503) 0.7 (0.396)
Hypothesis F 1.4 (0.239) 1.3 (0.250)
Hypothesis G 1.6 (0.216) 1.1 (0.336)
Hypothesis J 9.1 (0.004) 2.4 (0.125) 11.6 (0.001) 3.3 (0.076)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F4: Panel D: OLS: nysi to onzn: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 0.3 (0.560) 0.5 (0.464) 0.3 (0.610) 0.4 (0.536)
Hypothesis B 0.3 (0.612) 0.7 (0.411) 0.0 (0.982) 0.0 (0.965)
Hypothesis C 3.8 (0.055) 10.2 (0.002) 0.7 (0.409) 2.4 (0.124)
Hypothesis D 2.3 (0.107) 5.1 (0.009) 0.6 (0.572) 1.4 (0.265)
Hypothesis E 0.0 (0.920) 0.1 (0.807)
Hypothesis F 0.2 (0.932) 0.1 (0.819)
Hypothesis G 0.2 (0.858) 0.3 (0.715)
Hypothesis J 2.0 (0.164) 1.8 (0.184) 2.0 (0.160) 1.5 (0.225)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F5: Panel A: OLS: onzn to misi: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
0.491 0.491 0.750 0.750

(0.095)**** (0.052)**** (0.293)** (0.130)****

1 / t
-519.653 -519.653
(702.830) (312.061)

MCP/ t
-15.885
(16.257)

-15.885
(6.460)**

Constant
225.393 225.393 283.619 283.619

(98.471)** (96.938)** (111.073)** (117.390)**
R-square 0.270 0.288

Adj. R-square 0.260 0.257
AIC 1198.858 1201.016
BIC 1203.466 1210.232

Root MSE 786.920 788.211
Overall F-stat 26.634 (0.000) 89.627 (0.000) 9.437 (0.000) 32.337 (0.000)

n 74 74 74 74
Condition No. 1.47 7.02

Mean VIF 1 . 0 0 6.61
BP, standard 0.758 0.713

BP, N*R2 0.920 0.904
BP, F-stat 0.921 0.906

White's test 0.920 0.982
DW value 1.44 1.48

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest -0.26 -0.27 -0 . 0 2 -0.03
RESET test 0.942 0.712

Note: Point estimates from OLS and Newey-West estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-F5: Panel B: OLS: onzn to misi: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
0.419 0.419 0.796 0.796

(0.115)**** (0.085)**** (0.381)** (0.205)****
HDD PosDev -0.021 -0.021 -0.339 -0.339

onzn (1.106) (0.694) (1.148) (0.774)
HDD NegDev 3.727 3.727 4.033 4.033

onzn (4.651) (7.989) (4.679) (7.983)
CDD PosDev 2.681 2.681 3.087 3.087

onzn (9.798) (5.669) (9.846) (5.531)
CDD NegDev -5.699 -5.699 -0.574 -0.574

onzn (17.203) (13.035) (18.361) (14.141)
HDD PosDev -2.231 -2.231 -2.425 -2.425

misi (4.510) (4.286) (4.530) (4.333)
HDD NegDev -4.717 -4.717 -5.016 -5.016

misi (6.628) (7.303) (6.658) (7.277)
CDD PosDev -8.579 -8.579 -9.477 -9.477

misi (12.613) (3.874)** (12.709) (4.198)**
CDD NegDev 13.252 13.252 10.765 10.765

misi (17.571) (19.708) (17.764) (18.905)
Natural gas -1290.331 -1290.331 -1181.111 -1181.111

price (849.400) (1015.525) (857.732) (1014.889)
Natural gas -14797.924 -14797.924 -15317.455 -15317.455

capacity ratio (10115.441) (12086.973) (10167.158) (12718.997)
NG price * NG 2896.291 2896.291 2607.895 2607.895
capacity ratio (1895.308) (2226.055) (1920.520) (2212.891)

Risk-free
-143.180
(112.121)

-143.180
(138.689)

-166.863
(115.214)

-166.863
(148.447)

1 / t
-698.021 -698.021
(925.986) (670.537)

M CP/ t -22.951
(22.259)

-22.951
(13.054)*

Constant 7331.079 7331.079 7835.772 7835.772
(4891.814) (6239.010) (4941.598) (6635.746)

R-square 0.361 0.377
Adj. R-square 0.222 0.216

AIC 1213.041 1215.083
BIC 1245.298 1251.948
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Root MSE 806.705 809.711
Overall F-stat 2.604 (0.006) 13.315 (0.000) 2.344 (0.011) 9.722 (0.000)

n 74 74 74 74
Condition No. 286.35 295.77

Mean VIF 45.004 41.76
BP, standard 0.002 0.000

BP, N*R2 0.298 0.222
BP, F-stat 0.304 0.228

White's test 0.445 0.445
DW value 1.58 1.64

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 0.64 0.68 0.71 0.72

RESET test 0.630 0.451
Note: Point estimates from OLS and Newey-W est estimation approaches are the same. 
Unadjusted OLS and Newey-W est standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated with the 
squared term. For Condition No. (Number), M ean VIF, and DW  value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-F5: Panel C: OLS: onzn to misi: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
0.481

(0.141)***
0.481

(0.091)****
0.684

(0.324)**
0.684

(0.132)****

Lag of Profit
0.126

(0.135)
0.126

(0.126)
0.108

(0.136)
0.108

(0.126)

1 / t
-1257.409
(1351.580)

-1257.409
(710.002)

M CP/ t
-13.916
(17.506)

-13.916
(5.698)

Constant
242.706

(111.305)**
242.706

(107.937)**
338.392

(136.121)**
338.392

(145.871)**
R-square 0.157 0.186

Adj. R-square 0.130 0.129
AIC 1077.486 1079.462
BIC 1084.055 1090.462

Root MSE 830.180 830.838
Overall F-stat 5.876 (0.005) 34.304 (0.000) 3.408 (0.014) 17.609 (0.000)

n 66 66 66 66
Condition No. 1.70 5.74

Mean VIF 1.11 3.47
BP, standard 0.539 0.611

BP, N*R2 0.837 0.863
BP, F-stat 0.840 0.866

White's test 0.963
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest -0.08 -0.11 0.14 0.29
RESET test 0.604 0.668

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and Mean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-F5: Panel D: OLS: onzn to misi: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.310 0.310 1.000 1.000

(0.177)* (0.129)** (0.465)*** (0.240)****
HDD PosDev -0.174 -0.174 -0.795 -0.795

onzn (1.180) (0.819) (1.228) (0.893)
HDD NegDev 1.714 1.714 3.134 3.134

onzn (5.174) (9.496) (5.229) (9.656)
CDD PosDev -0.625 -0.625 0.663 0.663

onzn (10.701) (7.057) (10.617) (6.708)
CDD NegDev 3.400 3.400 29.927 29.927

onzn (21.292) (16.420) (27.373) (14.986)*
HDD PosDev -0.341 -0.341 -0.228 -0.228

misi (5.393) (3.715) (5.374) (3.733)
HDD NegDev -1.857 -1.857 -3.852 -3.852

misi (7.596) (9.033) (7.596) (9.249)
CDD PosDev -6.688 -6.688 -8.683 -8.683

misi (14.133) (4.120) (14.021) (4.682)*
CDD NegDev 5.752 5.752 -8.657 -8.657

misi (20.241) (21.093) (21.807) (19.426)
Natural gas -1960.196 -1960.196 -1315.701 -1315.701

price (978.785)* (1236.642) (1056.278) (1229.378)
Natural gas -22353.805 -22353.805 -18343.128 -18343.128

capacity ratio (11603.800)* (14608.735) (11741.724) (14409.611)
NG price * NG 4326.347 4326.347 2812.999 2812.999
capacity ratio (2168.678)* (2697.768) (2370.503) (2713.408)

Risk-free
-217.497

(128.873)*
-217.497
(177.385)

-250.042
(130.635)*

-250.042
(178.120)

Lag of Profit
0.089

(0.146)
0.089

(0.127)
0.023

(0.151)
0.023

(0.115)

1 / t
-2070.307 -2070.307
(2069.981) (1895.330)

MCP/ t
-50.220 -50.220
(31.235) (17.902)***

Constant
11246.374 11246.374 9894.621 9894.621

(5665.362)* (7614.674) (5656.356)* (7467.092)
R-square 0.293 0.336

Adj. R-square 0.099 0.119
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AIC 1089.910 1089.754
BIC 1122.755 1126.977

Root MSE 845.755 835.561
Overall F-stat 1.508 (0.142) 9.736 (0.000) 1.550 (0.120) 14.046 (0.000)

n 6 6 6 6 6 6 6 6

Condition No. 286.35 295.77
M ean VIF 45.04 41.76

BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0.161 0.103
BP, F-stat 0.166 0.107

W hite's test 0.442
Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 0.75 0.97 0.87 1.05
RESET test 0.179 0.354

Point estimates from OLS and Newey-West estim ation approaches are the same.
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and M ean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** pO.Ol, **** pcO.OOl

Table V-F6: Panel A: OLS: onzn to misi: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 5.2 (0.025) 5.4 (0.023) 6.5 (0.013) 5.8 (0.018)
Hypothesis B 26.6 (0 .0 0 0 ) 89.6 (0.000) 6 . 6  (0.013) 33.5 (0.000)
Hypothesis C 28.7 (0.000) 96.5 (0.000) 0.7 (0.396) 3.7 (0.058)
Hypothesis D 14.4 (0.000) 48.3 (0.000) 3.6 (0.032) 8.5 (0.000)
Hypothesis E 0.5 (0.462) 2 . 8  (0 .1 0 0 )
Hypothesis F 1.0 (0.332) 6 . 0  (0.016)
Hypothesis G 0.9 (0.418) 3.4 (0.040)

Note: This table reports F-statistics, with associated p-values in parentheses.
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Table V-F6: Panel B: OLS: onzn to misi: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 2.2 (0.139) 1.4 (0.245) 2.5 (0.118) 1.4 (0.242)
Hypothesis B 13.2 (0.001) 24.2 (0.000) 4.4 (0.041) 15.0 (0.000)
Hypothesis C 25.5 (0.000) 46.7 (0.000) 0.3 (0.594) 1.0 (0.324)
Hypothesis D 1 2 . 8  (0 .0 0 0 ) 33.4 (0.000) 1.4 (0.263) 1.1 (0.340)
Hypothesis E 0.6 (0.454) 1.1 (0.302)
Hypothesis F 1.1 (0.307) 3.1 (0.084)
Hypothesis G 0.8 (0.464) 1.8 (0.178)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F6: Panel C: OLS: onzn to misi: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 4.8 (0.033) 5.1 (0.028) 6 . 2  (0.016) 5.4 (0.024)
Hypothesis B 11.7 (0.001) 28.1 (0 .0 0 0 ) 4.5 (0.039) 27.0 (0.000)
H ypothesis C 13.6 (0.000) 32.6 (0.000) 0.9 (0.335) 5.7 (0.020)
Hypothesis D 7.1 (0.002) 16.3 (0.000) 3.3 (0.042) 6.5 (0.003)
Hypothesis E 0.9 (0.356) 3.1 (0.082)
H ypothesis F 0.6 (0.430) 6 . 0  (0.018)
H ypothesis G 1.0 (0.392) 3.4 (0.040)
H ypothesis J 0.9 (0.354) 1.0 (0.320) 0.6 (0.428) 0.7 (0.394)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F6: Panel D: OLS: onzn to misi: Hypothesis test results

(VII) OLS se (VII) NW  se (VIII) OLS se (VIII) NW se
H ypothesis A 3.9 (0.053) 2.2 (0.146) 3.1 (0.087) 1.8 (0.191)
H ypothesis B 2.9 (0.094) 5.4 (0.024) 4.6 (0.037) 17.3 (0.000)
H ypothesis C 15.6 (0.000) 29.1 (0.000) 0 . 0  (1 .0 0 0 ) 0.0 (0.999)
H ypothesis D 8.7 (0.001) 19.2 (0.000) 1 . 6  (0.218) 1.0 (0.375)
H ypothesis E 1.0 (0.322) 1 . 2  (0.280)
H ypothesis F 2.6 (0.114) 7.9 (0.007)
H ypothesis G 1.6 (0.214) 5.7 (0.006)
H ypothesis J 0.4 (0.544) 0.5 (0.487) 0.0 (0.878) 0.0 (0.841)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

355



Table V-F7: Panel A: OLS: onzn to nysi: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
0.649

(0.203)***
0.649

(0.139)****
0.703

(0.256)***
0.703

(0.148)****

1 / t
-438.055

(1955.385)
-438.055
(809.413)

M C P /t
-4.601
(7.764)

-4.601
(4.422)

Constant
476.397

(269.397)*
476.397

(224.697)**
614.319

(306.448)**
614.319

(259.547)**
R-square 0.126 0.139

Adj. R-square 0.114 0 . 1 0 1

AIC 1290.000 1292.937
BIC 1294.581 1302.099

Root MSE 1641.180 1652.722
Overall F-stat 10.239 (0.002) 21.787 (0.000) 3.703 (0.016) 14.443 (0.000)

n 73 73 73 73
Condition No. 2.39 4.32

M ean VIF 1 . 0 0 1.82
BP, standard 0.107 0.123

BP, N*R2 0.607 0.630
BP, F-stat 0.613 0.636

W hite's test 0.486 0.935
DW value 1.62 1.63

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 0.27 0.28 0 . 2 1 0.29
RESET test 0.643 0.908

Note: Point estimates from OLS and Newey-W est estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW  value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-F7: Panel B: OLS: onzn to nysi: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW  se

MCP
0 . 2 1 1 0 . 2 1 1 0.285 0.285

(0.214) (0.206) (0.298) (0.235)
HDD PosDev -1.636 -1.636 -1.331 -1.331

onzn (2.081) (1 .0 0 2 ) (2.150) (0.926)
HDD NegDev -13.354 -13.354 -14.210 -14.210

onzn (9.191) (7.402)* (9.808) (7.356)*
CDD PosDev -16.152 -16.152 -15.436 -15.436

onzn (12.613) (8.091)* (12.762) (8 .0 0 1 )*
CDD NegDev -8.285 -8.285 -4.562 -4.562

onzn (20.028) (17.189) (20.797) (17.287)
HDD PosDev -9.509 -9.509 -8.451 -8.451

nysi (8.976) (8.174) (9.658) (8.139)
HDD NegDev 4.192 4.192 5.467 5.467

nysi (13.532) (10.175) (14.127) (9.826)
CDD PosDev 8.017 8.017 8.229 8.229

nysi (15.505) (7.513) (15.642) (7.972)
CDD NegDev 45.601 45.601 45.958 45.958

nysi (18.635)** (20.107)** (18.875)** (20.247)**
N atural gas -2372.086 -2372.086 -2349.463 -2349.463

price (1589.839) (1592.589) (1753.692) (1481.671)
Natural gas -25430.877 -25430.877 -23553.518 -23553.518

capacity ratio (19305.586) (18808.688) (20327.113) (18090.679)
NG price * NG 6454.685 6454.685 6519.532 6519.532
capacity ratio (3552.692)* (3269.410)* (3923.101) (3084.733)**

Risk-free
-157.669
(226.177)

-157.669
(206.693)

-125.464
(230.363)

-125.464
(204.288)

1 / t
1960.351 1960.351

(1997.680) (1457.878)

M C P /t
-2.976
(9.856)

-2.976
(7.605)

Constant
9904.748 9904.748 8496.298 8496.298

(9417.637) (10014.587) (9913.122) (9850.278)
R-square 0.408 0.418

Adj. R-square 0.278 0.265
AIC 1285.544 1288.261
BIC 1317.610 1324.909
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Root MSE 1481.536 1494.124
Overall F-stat 3.130 (0.001) 5.680 (0.000) 2.735 (0.003) 5.347 (0.000)

n 73 73 73 73
Condition No. 294.89 332.87

M ean VIF 42.57 43.99
BP, standard 0.000 0.000

BP, N*R2 0 . 0 0 1 0 . 0 0 1

BP, F-stat 0 . 0 0 1 0.000
W hite's test 0.445 0.445
DW value 1.84 1 . 8 8

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 3.81 2.53 3.62 2.32

RESET test 0.000 0 . 0 0 1

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-W est standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number), M ean VIF, and DW value, the reported 
values are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-F7: Panel C: OLS: onzn to nysi: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW  se

MCP
0.308 0.308 0.302 0.302

(0.244) (0.125)** (0.326) (0.172)

Lag of Profit
0.261

(0.129)**
0.261

(0.198)
0.263

(0.130)**
0.263

(0.195)

1 / t -1759.650 -1759.650
(4183.232) (1802.892)

M C P /t -1.582
(9.838)

-1.582
(5.186)

Constant
647.340 647.340 800.118 800.118

(291.935)** (242.017)*** (346.365)** (292.913)***
R-square 0.131 0.142

Adj. R-square 0.103 0.086
AIC 1165.791 1168.942
BIC 1172.360 1179.890

Root MSE 1620.710 1636.498
Overall F-stat 4.745 (0.012) 9.141 (0.000) 2.525 (0.050) 16.803 (0.000)

n 6 6 6 6 6 6 6 6

Condition No. 2.80 5.84
M ean VIF 1 . 2 1 2.27

BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0.052 0.061
BP, F-stat 0.053 0,063

W hite's test 0.084
Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest -3.61 -2.37 -2.62 -1.72
RESET test 0.003 0.005

Note: Point estimates from OLS and Newey-West estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and M ean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl
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Table V-F7: Panel D: OLS: onzn to nysi: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.091 0.091 0 . 2 1 2 0 . 2 1 2

(0.244) (0.176) (0.328) (0.219)
HDD PosDev -1.054 -1.054 -0.610 -0.610

onzn (2.115) (0.895) (2.143) (0.835)
HDD NegDev -8.830 -8.830 -17.794 -17.794

onzn (9.546) (6.323) (10.954) (8.070)**
CDD PosDev -15.330 -15.330 -16.564 -16.564

onzn (12.982) (8.271)* (12.901) (8.744)*
CDD NegDev -18.557 -18.557 -10.283 -10.283

onzn (24.221) (19.751) (26.048) (21.814)
HDD PosDev -9.791 -9.791 -12.173 -12.173

nysi (9.664) (9.082) (10.206) (8.720)
HDD NegDev -0.218 -0.218 12.024 12.024

nysi (14.137) (10.096) (15.798) (10.280)
CDD PosDev 11.188 11.188 11.496 11.496

nysi (15.574) (7.427) (15.425) (8.583)
CDD NegDev 57.972 57.972 59.345 59.345

nysi (21.431)*** (22.381)** (21.891)*** (22.432)**
N atural gas -1242.190 -1242.190 -2608.192 -2608.192

price (1757.797) (1438.834) (2017.714) (1371.500)*
N atural gas -11208.229 -11208.229 -22120.487 -22120.487

capacity ratio (21347.152) (16975.330) (22666.172) (15875.694)
NG price * NG 3944.359 3944.359 7262.439 7262.439
capacity ratio (3924.518) (2815.099) (4561.908) (3058.492)**

Risk-free
9.608

(247.565)
9.608

(169.695)
9.029

(245.334)
9.029

(178.180)

Lag of Profit
0.058

(0.131)
0.058

(0.216)
0.030

(0.130)
0.030

(0.214)

1 / t 8186.257 8186.257
(4931.794) (4043.866)**

M C P /t -5.462
(11.063)

-5.462
(7.717)

Constant
2749.048 2749.048 6703.614 6703.614

(10468.587) (9561.419) (10884.444) (8772.796)
R-square 0.418 0.452

Adj. R-square 0.259 0.273
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AIC 1163.274 1163.352
BIC 1196.119 1200.576

Root MSE 1473.483 1459.245
Overall F-stat 2.621 (0.006) 5.909 (0.000) 2.526 (0.007) 8.639 (0.000)

n 6 6 L 6 6 6 6 6 6

Condition No. 294.89 332.87
M ean VIF 42.57 43.99

BP, standard 0.000 0.000
BP, N*R2 0 . 0 0 1 0 . 0 0 1

BP, F-stat 0.000 0.000
W hite's test 0.442

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 3.22 2.42 3.77 2.49

RESET test 0.000 0.000
Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition No. (Number) and M ean VIF the reported values are u n 
normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-F8: Panel A: OLS: onzn to nysi: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
H ypothesis A 3.1 (0.081) 4.5 (0.037) 4.0 (0.049) 5.6 (0.021)
Hypothesis B 1 0 . 2  (0 .0 0 2 ) 2 1 . 8  (0 .0 0 0 ) 7.6 (0.008) 22.5 (0.000)
H ypothesis C 3.0 (0.088) 6.3 (0.014) 1.3 (0.250) 4.0 (0.049)
Hypothesis D 1.8 (0.173) 3.8 (0.026) 2.0 (0.138) 3.3 (0.043)
H ypothesis E 0.1 (0.823) 0.3 (0.590)
H ypothesis F 0.4 (0.555) 1.1 (0.302)
Hypothesis G 0.5 (0.605) 3.5 (0.034)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F8: Panel B: OLS: onzn to nysi: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 1.1 (0.297) 1.0 (0.327) 0.7 (0.395) 0.7 (0.392)
Hypothesis B 1.0 (0.327) 1.1 (0.309) 0.9 (0.343) 1.5 (0.230)
Hypothesis C 13.6 (0.000) 14.6 (0.000) 5.7 (0.020) 9.3 (0.004)
Hypothesis D 6 . 8  (0 .0 0 2 ) 7.3 (0.001) 2.9 (0.064) 4.7 (0.013)
Hypothesis E 1.0 (0.331) 1.8 (0.184)
H ypothesis F 0.1 (0.763) 0.2 (0.697)
Hypothesis G 0.5 (0.606) 0.9 (0.408)

Note: This table reports F-statistics, w ith associated p-values in  parentheses.

Table V-F8: Panel C: OLS: onzn to nysi: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 4.9 (0.030) 7.2 (0.010) 5.3 (0.024) 7.5 (0.008)
Hypothesis B 1 . 6  (0 .2 1 2 ) 6 . 1  (0.016) 0.9 (0.359) 3.1 (0.085)
Hypothesis C 8 . 0  (0.006) 30.7 (0.000) 4.6 (0.036) 16.5 (0.000)
Hypothesis D 4.0 (0.022) 17.5 (0.000) 3.1 (0.051) 8.3 (0.001)
Hypothesis E 0.2 (0.675) 1.0 (0.333)
Hypothesis F 0.0 (0.873) 0.1 (0.761)
Hypothesis G 0.4 (0.675) 3.3 (0.042)
Hypothesis J 4.1 (0.047) 1.7 (0.191) 4.1 (0.048) 1 . 8  (0.182)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-F8: Panel D: OLS: onzn to nysi: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 0.1 (0.794) 0.1 (0.775) 0.4 (0.541) 0.6 (0.448)
Hypothesis B 0.1 (0.712) 0.3 (0.610) 0.4 (0.521) 0.9 (0.338)
Hypothesis C 13.9 (0.000) 26.6 (0 .0 0 0 ) 5.8 (0.020) 12.9 (0.001)
Hypothesis D 7.2 (0.002) 18.0 (0 .0 0 0 ) 2.9 (0.065) 6.9 (0.002)
Hypothesis E 2.8 (0.103) 4.1 (0.048)
Hypothesis F 0.2 (0.624) 0.5 (0.482)
Hypothesis G 1.5 (0.233) 2.2 (0.127)
Hypothesis J 0 . 2  (0.660) 0.1 (0.791) 0 . 1  (0.820) 0.0 (0.890)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-F9: Panel A: SUR estimates for configuration (I)

MISI to ONZN NYSI to ONZN ONZN to MISI O N ZN  to NYSI

MCP
1.143 -0.096 0.548 0.720

(0.227)**** (0.644) (0.240)** (0.199)****

Constant
59.763 213.700 213.797 422.216

(205.679) (126.003)* (108.338) (265.007)
R-square 0.282 AIC 4843.854
Chi2-stat. 25.380 (0.000) BIC 4862.067

n 72 Root MSE 1288.164
Note: SUR standard errors are in parentheses.

Table V-F9: Panel B: SUR estimates for configuration (II)

MISI to ONZN NYSI to ONZN ONZN to MISI O N ZN  to NYSI

MCP
0.575 0.597 0.794 0.744

(0.268)** (0.714) (0.350)** (0.247)***

1 / t
-4041.374 5789.949 -502.549 -582.638

(2097.376)* (1014.633)**** (697.150) (1901.316)

M C P /t
8.903 -13.152 -17.912 -3.353

(3.064)*** (4.161)*** (15.981) (7.507)

Constant
175.180 -44.265 283.515 554.496

(205.048) (111.289) (122.230)** (296.156)*
R-square 0.342 AIC 4807.741
Chi2 -stat. 36.062 (0.000) BIC 4844.168

n 72 Root MSE 1233.670
Note: SUR standard errors are in parentheses.
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Table V-F9: Panel C: SUR estimates for configuration (III)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.632 -0 . 6 8 8 0.076 0.236

(0.318)** (0.793) (0.296) (0.195)
HDD PosDev -2.510 -1.097 -0.044 -1.642

onzn (1.393)* (1 .0 0 1 ) (0.995) (1.883)
HDD NegDev 2.443 -2.914 3.352 -13.287

onzn (5.697) (4.446) (4.188) (8.301)
CDD PosDev -13.028 6.119 1.710 -15.525

onzn (12.079) (6.072) (8.811) (11.505)
CDD NegDev -62.570 -8.069 -5.420 -8.086

onzn (22.555)*** (9.565) (16.695) (18.113)
HDD PosDev 11.573 -5.587 -2.004 -11.127

external (5.565)** (4.311) (4.051) (8 .1 2 0 )
HDD NegDev -9.462 3.722 -4.454 3.572

external (8.193) (6.534) (5.959) (12.224)
CDD PosDev 46.527 14.076 -7.416 5.665

external (15.867)*** (7.594)* (11.335) (14.468)
CDD NegDev 34.541 -0.947 17.262 43.560

external (22.511) (8.809) (17.399) (16.836)***
N atural gas 3046.813 -432.046 -1490.009 -2332.899

price (1133.642)*** (765.612) (774.619)* (1438.090)
N atural gas 26134.763 -10885.674 -16550.225 -24962.690

capacity ratio (12917.465)** (9061.056) (9164.374)* (17461.977)
NG price * NG -6303.402 918.670 3286.423 6352.698
capacity ratio (2476.681)** (1693.003) (1722.654)* (3212.946)**

Risk-free
-290.670 -203.025 -155.211 -151.531

(139.282)** (109.095)* (101.728) (206.179)

Constant
-12549.301 5955.183 8385.713 9740.071

(6280.096)** (4406.986) (4450.731)* (8520.379)
R-square 0.564 AIC 4851.991
Chi2-stat. 90.454 (0.000) BIC 4979.485

n 72 Root MSE 1004.510
Note: SUR standard errors are in parentheses.
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Table V-F9: Panel D: SUR estimates for configuration (IV)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-0.041 0.322 0.518 0.289
(0.353) (0.806) (0.414) (0.266)

1 / t
-3576.687 5795.905 -839.874 1994.442

(1757.671)** (967.580)**** (814.663) (1780.912)

M C P /t
9.458 -9.945 -31.306 -3.380

(2.939)*** (4.489)** (19.999) (8.742)
HDD PosDev -1.585 -0.328 -0.465 -1.351

onzn (1.359) (0.796) (1.008) (1.913)
HDD NegDev -3.406 -3.038 3.453 -14.235

onzn (5.486) (3.786) (4.102) (8.720)
CDD PosDev -14.027 7.956 2.845 -15.983

onzn (11.301) (4.701)* (8.626) (11.456)
CDD NegDev -61.518 -1.785 2.096 -4.303

onzn (21.114)*** (7.467) (17.496) (18.511)
HDD PosDev 6 . 2 1 0 -2.276 -2.314 -7.799

external (5.437) (3.600) (3.963) (8.595)
HDD NegDev -1.584 3.471 -4.470 5.662

external (7.806) (5.455) (5.830) (12.571)
CDD PosDev 49.746 13.158 -9.705 9.897

external (14.873)**** (5.828)** (11.125) (14.376)
CDD NegDev 40.143 0.900 14.612 46.142

external (20.989)* (6.771) (17.128) (16.800)***
Natural gas 2158.612 -593.042 -1416.505 -2345.378

price (1093.077)** (607.986) (760.019)* (1559.354)
Natural gas 19501.693 -6933.485 -17861.233 -23619.275

capacity ratio (12287.943) (7166.420) (8986.889)** (18079.207)
NG price * NG -3954.662 1474.883 3057.233 6505.354
capacity ratio (2419.734) (1360.656) (1695.827)* (3488.013)*

Risk-free
-237.120

(133.917)*
-90.377
(86.617)

-187.619
(102.178)*

-125.240
(206.266)

Constant
-10545.517 5955.183 9370.860 8534.902
(5963.517)* (4406.986) (4392.583)** (8820.904)

R-square 0.614 AIC 4814.521
Chi2 -stat. 111.705 (0.000) BIC 4960.227

n 72 Root MSE 944.500
Note: SUR standard errors are in parentheses.
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Table V-F9: Panel E: SUR estimates for configuration (V)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.922 -0.253 0.556 0.335

(0.237)**** (0.522) (0.271)** (0.244)

Lag of Profit
0.417 0.203 0.100 0.248

(0.111)**** (0.088)** (0.162) (0.128)*

Constant
163.331 173.831 229.750 628.836

(215.765) (106.327) (118.966)* (290.224)**
R-square 0.392 AIC 4286.477
Chi2-stat. 38.448 (0.000) BIC 4312.383

n 64 Root MSE 1242.541
Note: SUR standard errors are in parentheses.

Table V-F9: Panel F: SUR estimates for configuration (VI)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.157 0.938 0.727 0.331

(0.303) (0.746) (0.391)* (0.320)

1 / t
-19980.882 1521.908 -1235.927 -1788.888

(6972.271)*** (3940.745) (1333.728) (4080.211)

M C P /t
21.506 -8.001 -15.366 -1.411

(6.270)**** (8.583) (17.030) (9.595)

Lag of Profit
0.396 0.240 0.088 0.251

(0.098)**** (0.091)*** (0.160) (0.128)*

Constant
591.300 52.171 338.612 776.671

(256.748)** (152.638) (144.512)** (339.470)
R-square 0.506 AIC 4279.512
Chi2-stat. 64.803 (0.000) BIC 4322.383

n 64 Root MSE 1120.637
Note: SUR standard errors are in parentheses.
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Table V-F9: Panel G: SUR estimates for configuration (VII)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.692 -0.347 0.061 0.095

(0.339)** (0.658) (0.328) (0.220)
HDD PosDev -2.267 -0.338 -0.275 -1.083

onzn (1.423) (0.808) (1.047) (1.884)
HDD NegDev -1.785 -2.538 1.237 -8.869

onzn (6.180) (3.931) (4.603) (8.512)
CDD PosDev -12.922 8.969 -0.482 -14.104

onzn (12.584) (5.187)* (9.465) (11.771)
CDD NegDev -29.705 -2.117 -2.962 -17.143

onzn (27.336) (9.201) (19.827) (21.575)
HDD PosDev 17.370 -2.435 -0.539 -10.807

external (6.523)*** (3.689) (4.791) (8.619)
HDD NegDev -2.906 3.472 -1.614 -1.510

external (9.107) (5.711) (6.722) (12.589)
CDD PosDev 42.124 13.164 -7.744 6.095

external (17.150)** (8.025) (12.532) (15.763)
CDD NegDev 12.383 0.393 13.723 56.086

external (25.469) (8.175) (19.480) (19.088)***
Natural gas 1886.747 -215.780 -2152.741 -1174.186

price (1355.429) (709.735) (897.412)** (1564.914)
Natural gas 15340.955 -5060.241 -24538.011 -10276.006

capacity ratio (15218.669) (8311.231) (10652.023)** (19007.109)
NG price * NG -4017.246 568.068 4749.251 3851.759
capacity ratio (2930.823) (1571.024) (1994.716)** (3491.791)

Risk-free
-220.776
(159.471)

-101.057
(95.857)

-246.281
(116.913)**

-5.005
(223.683)

Lag of Profits
0.289

(0.117)**
0.089

(0.105)
0.072

(0.155)
0.046

(0.116)

Constant
-6931.295 2441.702 12400.532 2220.104
(7464.687) (4051.244) (5186.631)** (9326.667)

R-square 0.599 AIC 4304.157
Chi2-stat. 93.385 (0.000) BIC 4433.690

n 64 Root MSE 1009.614
Note: SUR standard errors are in parentheses.
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Table V-F9: Panel H: SUR estimates for configuration (VIII)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-1.100 0.158 0.779 0.224

(0.443)** (1.171) (0.498) (0.284)

1 / t
-33383.132 -725.211 -2386.471 9093.796

(7198.854)**** (6626.271) (1814.661) (4305.214)**

MCP/ t
32.855 -0.687 -58.856 -7.859

(6.336)**** (13.720) (26.819)** (9.545)
HDD PosDev -1.986 -0.468 -1.026 -0.690

onzn (1.252) (0.826) (1.068) (1.864)
HDD NegDev -5.060 -2.587 2.711 -18.557

onzn (5.320) (4.184) (4.549) (9.571)*
CDD PosDev -13.417 9.895 0.616 -16.256

onzn (10.664) (5.289)* (9.183) (11.405)
CDD NegDev -61.018 -2.695 27.604 -6.065

onzn (23.970)** (9.364) (24.547) (22.635)
HDD PosDev 1.535 -1.570 -0.228 -11.040

external (6.274) (4.557) (4.681) (8.886)
HDD NegDev 2.154 3.665 -3.755 12.251

external (7.742) (6.030) (6.574) (13.712)
CDD PosDev 49.051 10.547 -9.533 8.868

external (14.549)**** (8.658) (12.154) (15.228)
CDD NegDev 39.900 0.158 -1.837 57.949

external (22.083)* (8.229) (20.326) (18.969)***
Natural gas 2660.353 -226.253 -1424.551 -2619.863

price (1199.923)** (845.347) (947.047) (1753.034)
Natural gas 18495.204 -5237.210 -20002.726 -22131.013

capacity ratio (13004.250) (8817.436) (10561.538)* (19688.417)
NG price * NG -5175.377 538.596 3028.099 7393.735
capacity ratio (2616.300)** (1895.858) (2132.398) (3967.781)*

Risk-free
-238.021

(136.841)*
-100.574
(98.556)

-290.468
(116.111)**

-21.833
(216.543)

Lag of Profits
0.192

(0.101)*
0.133

(0.135)
0.010

(0.155)
0.046

(0.116)

Constant
-8701.169 2664.936 10944.990 6490.687
(6341.659) (4159.235) (5069.996)** (9455.882)

R-square 0.710 AIC 4286.019
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Chi2-stat. 160.520 (0.000) BIC 4432.823
n 64 Root MSE 858.836

Note: SUR standard errors are in parentheses.

Table V-F10: SUR: misi to onzn: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 0.1 (0.771) 0.7 (0.393) 4.0 (0.046) 3.1 (0.077)
Hypothesis B 25.4 (0.000) 4.6 (0.032) 3.9 (0.047) 0.0 (0.907)
Hypothesis C 0.4 (0.529) 2.5 (0.113) 1.3 (0.247) 8.7 (0.003)
Hypothesis D 1.3 (0.511) 2.5 (0.283) 4.4 (0.111) 10.4 (0.006)
Hypothesis E 3.7 (0.054) 4.1 (0.042)
Hypothesis F 8.4 (0.004) 10.4 (0.001)
Hypothesis G 9.6 (0.008) 11.0 (0.004)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-F10: SUR: misi to onzn: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 0.6 (0.449) 5.3 (0.021) 0.9 (0.353) 1.9 (0.170)
Hypothesis B 15.1 (0.000) 0.3 (0.604) 4.2 (0.042) 6.2 (0.013)
Hypothesis C 0.1 (0.744) 7.7 (0.005) 0.8 (0.364) 22.4 (0.000)
Hypothesis D 0.6 (0.724) 7.9 (0.020) 1.3 (0.515) 22.5 (0.000)
Hypothesis E 8.2 (0.004) 21.5 (0.000)
Hypothesis F 11.8 (0.001) 26.9 (0.000)
Hypothesis G 14.4 (0.001) 27.9 (0.000)
Hypothesis J 14.2 (0.000) 16.2 (0.000) 6.1 (0.013) 3.6 (0.058)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-Fll: SUR: nysi to onzn: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 2.9 (0.090) 0.2 (0.691) 1.8 (0.177) 0.7 (0.413)
Hypothesis B 0.0 (0.881) 0.7 (0.403) 0.8 (0.386) 0.2 (0.690)
Hypothesis C 2.9 (0.088) 0.3 (0.573) 4.5 (0.033) 0.7 (0.400)
Hypothesis D 3.5 (0.173) 1.3 (0.529) 7.6 (0.023) 1.4 (0.499)
Hypothesis E 32.6 (0.000) 35.9 (0.000)
Hypothesis F 10.0 (0.002) 4.9 (0.027)
Hypothesis G 37.6 (0.000) 47.2 (0.000)

Note: This table reports chi2-statistics/ w ith associated p-values in parentheses.

Table V-Fll: SUR: nysi to onzn: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 2.7 (0.102) 0.1 (0.733) 0.4 (0.547) 0.4 (0.522)
Hypothesis B 0.2 (0.628) 1.6 (0.209) 0.3 (0.598) 0.0 (0.893)
Hypothesis C 5.8 (0.016) 0.0 (0.934) 4.2 (0.041) 0.5 (0.472)
Hypothesis D 5.8 (0.055) 0.1 (0.936) 5.4 (0.067) 1.2 (0.553)
Hypothesis E 0.1 (0.699) 0.0 (0.913)
Hypothesis F 0.9 (0.351) 0.0 (0.960)
Hypothesis G 2.8 (0.249) 0.2 (0.888)
Hypothesis J 5.3 (0.021) 6.9 (0.008) 0.7 (0.398) 1.0 (0.322)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-F12: SUR: onzn to misi: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 3.9 (0.048) 5.4 (0.020) 3.5 (0.060) 4.6 (0.033)
Hypothesis B 5.2 (0.023) 5.2 (0.023) 0.1 (0.789) 1.6 (0.211)
Hypothesis C 3.5 (0.060) 0.3 (0.555) 9.8 (0.002) 1.4 (0.245)
Hypothesis D 4.9 (0.087) 5.4 (0.068) 11.5 (0.003) 5.5 (0.065)
Hypothesis E 0.5 (0.471) 1.1 (0.303)
Hypothesis F 1.3 (0.262) 2.5 (0.117)
Hypothesis G 2.0 (0.361) 3.3 (0.190)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-F12: SUR: onzn to misi: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 3.7 (0.053) 5.5 (0.019) 5.7 (0.017) 4.7 (0.031)
Hypothesis B 4.2 (0.040) 3.5 (0.063) 0.0 (0.853) 2.5 (0.117)
Hypothesis C 2.7 (0.101) 0.5 (0.485) 8.2 (0.004) 0.2 (0.657)
Hypothesis D 4.3 (0.114) 5.5 (0.064) 12.5 (0.002) 4.7 (0.096)
Hypothesis E 0.9 (0.354) 1.7 (0.188)
Hypothesis F 0.8 (0.367) 4.8 (0.028)
Hypothesis G 2.1 (0.349) 5.9 (0.053)
Hypothesis J 0.4 (0.539) 0.3 (0.584) 0.2 (0.642) 0.0 (0.946)

Note: This table reports chi2-statistics, with associated p-values in parentheses.

Table V-F13: SUR: onzn to nysi: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 2.5 (0.111) 3.5 (0.061) 1.3 (0.253) 0.9 (0.333)
Hypothesis B 13.1 (0.000) 9.1 (0.003) 1.5 (0.225) 1.2 (0.277)
Hypothesis C 2.0 (0.159) 1.1 (0.298) 15.4 (0.000) 7.1 (0.008)
Hypothesis D 2.7 (0.257) 3.5 (0.170) 15.4 (0.000) 7.2 (0.028)
Hypothesis E 0.1 (0.759) 1.3 (0.263)
Hypothesis F 0.2 (0.655) 0.1 (0.699)
Hypothesis G 0.8 (0.663) 1.3 (0.524)

Note: This table reports chi2-statistics, with associated p-values in parentheses.

Table V-F13: SUR: onzn to nysi: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 4.7 (0.030) 5.2 (0.022) 0.1 (0.812) 0.5 (0.492)
Hypothesis B 1.9 (0.171) 1.1 (0.301) 0.2 (0.666) 0.6 (0.429)
Hypothesis C 7.4 (0.007) 4.4 (0.037) 16.9 (0.000) 7.5 (0.006)
Hypothesis D 7.5 (0.024) 6.1 (0.047) 17.4 (0.000) 7.5 (0.024)
Hypothesis E 0.2 (0.661) 4.5 (0.035)
Hypothesis F 0.0 (0.883) 0.7 (0.410)
Hypothesis G 0.8 (0.670) 4.6 (0.100)
Hypothesis J 3.8 (0.053) 3.8 (0.050) 0.2 (0.690) 0.0 (0.874)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-F14: SUR: All paths jointly: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 8.9 (0.064) 9.7 (0.046) 11.9 (0.018) 9.6 (0.047)
Hypothesis B 44.2 (0.000) 18.2 (0.001) 6.6 (0.162) 2.9 (0.570)
Hypothesis C 9.1 (0.059) 3.9 (0.422) 30.0 (0.000) 17.3 (0.002)
Hypothesis D 12.1 (0.147) 12.2 (0.142) 39.0 (0.000) 24.1 (0.002)
Hypothesis E 55.5 (0.000) 49.7 (0.000)
Hypothesis F 31.0 (0.000) 21.3 (0.000)
Hypothesis G 66.1 (0.000) 66.8 (0.000)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-F14: SUR: A ll paths jointly: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 10.7 (0.030) 16.2 (0.003) 7.0 (0.136) 6.8 (0.148)
Hypothesis B 22.4 (0.000) 6.0 (0.197) 4.9 (0.298) 9.3 (0.054)
Hypothesis C 15.5 (0.004) 12.7 (0.013) 28.9 (0.000) 30.4 (0.000)
Hypothesis D 17.9 (0.022) 19.4 (0.013) 35.8 (0.000) 35.5 (0.000)
Hypothesis E 10.8 (0.029) 27.9 (0.000)
Hypothesis F 16.4 (0.002) 31.9 (0.000)
Hypothesis G 24.6 (0.002) 39.1 (0.000)
Hypothesis J 22.1 (0.000) 25.2 (0.000) 7.2 (0.127) 4.4 (0.337)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-F15: 90% confidence intervals for MCP: Panel A: misi to onzn

Model
OLS OLS OLS NW NW NW SUR SUR SUR

Lower Point Upper Lower Point Upper Lower Point Upper
(I) 0.881 1.278 1.664 0.600 1.278 1.946 0.770 1.143 1.516
(II) 0.320 0.805 1.291 -0.069 0.805 1.680 0.133 0.575 1.016
(III) 0.177 0.746 1.315 0.125 0.746 1.367 0.108 0.632 1.155
(IV) -0.390 0.248 0.887 -0.416 0.248 0.913 -0.621 -0.041 0.539
(V) 0.703 1.110 1.518 0.493 1.110 1.727 0.532 0.922 1.313
(VI) -0.257 0.273 0.803 -0.524 0.273 1.070 -0.342 0.157 0.657
(VII) 0.089 0.724 1.358 0.019 0.724 1.429 0.133 0.692 1.250
(VIII) -1.750 -0.907 -0.065 -1.843 -0.907 0.028 -1.829 -1.100 -0.371
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Table V-F15: 90% confidence intervals for MCP: Panel B: nysi to onzn

Model OLS OLS OLS NW NW NW SUR SUR SUR
Lower Point Upper Lower Point Upper Lower Point Upper

(I) -1.131 -0.155 0.821 -0.436 -0.155 0.126 -1.155 -0.096 0.962
(II) -0.903 0.132 1.167 -0.122 0.132 0.387 -0.577 0.597 1.772
(III) -2.076 -0.810 0.456 -1.726 -0.810 0.106 -1.993 -0.688 0.617
(IV) -1.702 -0.391 0.921 -1.524 -0.391 0.743 -1.005 0.322 1.648
(V) -1.068 -0.215 0.638 -0.669 -0.215 0.239 - 1.111 -0.253 0.605
(VI) -0.516 0.692 1.900 -0.126 0.692 1.510 -0.289 0.938 2.166
(VII) -1.506 -0.352 0.802 -1.061 -0.352 0.358 -1.429 -0.347 0.735
(VIII) -2.100 -0.029 2.042 -1.131 -0.029 1.074 -1.769 0.158 2.084

Table V-F15: 90% confidence intervals for MCP: Panel C: onzn to misi

Model OLS OLS OLS NW NW NW SUR SUR SUR
Lower Point Upper Lower Point Upper Lower Point Upper

(I) 0.332 0.491 0.649 0.404 0.491 0.577 0.153 0.548 0.943
(II) 0.262 0.750 1.238 0.534 0.750 0.966 0.218 0.794 1.369
(III) 0.226 0.419 1.611 0.277 0.419 0.561 -0.410 0.076 0.562
(IV) 0.159 0.796 1.433 0.453 0.796 1.139 -0.163 0.518 1.200
(V) 0.247 0.481 0.716 0.330 0.481 0.633 0.110 0.556 1.002
(VI) 0.143 0.684 1.226 0.464 0.684 0.905 0.084 0.727 1.370
(VII) 0.005 0.301 0.598 0.085 0.301 0.518 -0.479 0.061 0.600
(VIII) 0.220 1.000 1.780 0.597 1.000 1.402 -0.039 0.779 1.598

Table V-F15: 90% confidence intervals for MCP: Panel D: onzn to nysi

Model OLS OLS OLS NW NW NW SUR SUR SUR
Lower Point Upper Lower Point Upper Lower Point Upper

(I) 0.311 0.649 0.988 0.418 0.649 0.881 0.392 0.720 1.047
(II) 0.277 0.703 1.129 0.456 0.703 0.950 0.338 0.744 1.149
(III) -0.146 0.211 0.568 -0.133 0.211 0.556 -0.084 0.236 0.557
(IV) -0.214 0.285 0.784 -0.108 0.285 0.678 -0.148 0.289 0.727
(V) -0.100 0.308 0.716 0.100 0.308 0.516 -0.067 0.335 0.737
(VI) -0.243 0.302 0.847 0.014 0.302 0.589 -0.196 0.331 0.858
(VII) -0.318 0.091 0.499 -0.215 0.091 0.386 -0.267 0.095 0.457
(VIII) -0.338 0.212 0.762 -0.155 0.212 0.579 -0.243 0.224 0.692
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Appendix V-G: Estimation results for path-by-path Tobit analysis with ST FTR data

Table V-Gl: Panel A: Tobit: misi to onzn: Estimates and diagnostic tests

(I) OIM se (I) HW se (II) OIM se (II) HW se

MCP
1.924 1.924 1.406 1.406

(0.328)**** (0.480)**** (0.389)**** (0.563)**

1 / t
-2487.539 -2487.539
(2735.566) (2984.992)

M CP/ t
7.551

(4.029)*
7.551

(6.842)

Constant
-997.751 -997.751 -918.205 -918.205

(323.531)*** (332.309)*** (326.108)*** (311.378)***

Sigma
1637.886 1637.886 1562.496 1562.496

(171.831)**** (286.277)**** (163.702)**** (233.009)****
MacKinnon R2 0.035 0.035 0.041 0.041
McK.-Zav. R2 0.361 0.361 0.404 0.404
Cragg-Uhl. R2 0.347 0.347 0.391 0.391
Cox-Snell R2 0.347 0.347 0.391 0.391

AIC 864.240 864.240 863.056 863.056
BIC 871.152 871.152 874.576 874.576

Overall Chi2 31.152 (0.000) 36.667 (0.000)
Overall F-stat 16.033 (0.000) 7.218 (0.000)

N 74 74 74 74
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-Gl: Panel B: Tobit: misi to onzn: Estimates and diagnostic tests

(III) OIM se (III) HW se (IV) OIM se (IV) HW se

MCP
1.105 1.105 0.686 0.686

(0.403)*** (0.427)** (0.444) (0.467)
HDD PosDev -3.384 -3.384 -2.418 -2.418

onzn (1.723)* (1.315)** (1.726) (1.295)*
HDD NegDev -3.241 -3.241 -7.245 -7.245
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onzn (8.286) (5.436) (8.206) (6.510)
CDD PosDev -4.804 -4.804 -7.773 -7.773

onzn (15.267) (19.191) (14.636) (18.120)
CDD NegDev -74.142 -74.142 -72.106 -72.106

onzn (29.467)** (20.551)**** (28.018)** (20.607)****
HDD PosDev 13.061 13.061 9.462 9.462

misi (7.416)* (11.326) (7.402) (7.750)
HDD NegDev -10.524 -10.524 -5.923 -5.923

misi (11.483) (6.516) (11.202) (7.827)
CDD PosDev 44.875 44.875 49.974 49.974

misi (19.460)** (25.743)* (18.745)*** (25.252)*
CDD NegDev 20.596 20.596 29.334 29.334

misi (32.132) (20.294) (30.622) (21.522)
Natural gas 5439.132 5439.132 4480.272 4480.272

price (1637.640)*** (1665.087)*** (1620.854)*** (1682.395)***
Natural gas 51719.445 51719.445 45082.373 45082.373

capacity ratio (18287.992)*** (17282.491)*** (17804.048)** (16657.430)***
NG price * NG -11869.229 -11869.229 -9458.635 -9458.635
capacity ratio (3594.187)*** (3729.403)*** (3595.458)** (3737.422)**

Risk-free
-55.276

(197.922)
-55.276

(175.414)
14.401

(194.771)
14.401

(173.521)

1 / t
-1934.510 -1934.510
(2161.510) (2187.645)

MCP/ t
6.820

(3.649)
6.820

(5.685)

Constant
-24795.729 -24795.729 -22682.469 -22682.469

(8914.986)*** (8289.011)*** (8650.471)** (7957.942)***

Sigma
1195.748 1195.748 1141.813 1141.813

(124.510)**** (170.007)**** (119.102)**** (133.283)****
MacKinnon R2 0.076 0.076 0.080 0.080
McK.-Zav. R2 0.667 0.667 0.684 0.684
Cragg-Uhl. R2 0.597 0.597 0.619 0.619
Cox-Snell R2 0.597 0.597 0.619 0.619

AIC 852.388 852.388 852.304 852.304
BIC 886.949 886.949 891.473 891.473

Overall Chi2 67.335 (0.000) 71.419 (0.000)
Overall F-stat 3.419 (0.001) 3.752 (0.000)

N 74 74 74 74
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Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-Gl: Panel C: Tobit: misi to onzn: Estimates and diagnostic tests

(V) OIM se (V) HW se (VI) OIM se (VI) HW se

MCP
1.661

(0.331)****
1.661

(0.493)***
0.802

(0.420)*
0.802

(0.564)

Lag of Profit
0.419

(0.147)***
0.419

(0.166)**
0.405

(0.135)***
0.405

(0.192)**

1 / t
-17560.752
(9288.223)*

-17560.752
(13218.720)

M CP / t
19.909

(8.341)**
19.909

(13.713)

Constant
-822.756

(324.714)**
-822.756

(347.827)**
-330.347
(377.938)

-330.347
(369.932)

Sigma
1556.138

(170.737)****
1556.138

(336.065)****
1418.938

(156.517)****
1418.938

(215.012)****
MacKinnon R2 0.043 0.043 0.052 0.052
McK.-Zav. R2 0.427 0.427 0.494 0.494
Cragg-Uhl. R2 0.414 0.414 0.477 0.477
Cox-Snell R2 0.414 0.414 0.477 0.477

AIC 787.690 787.690 784.173 784.173
BIC 796.448 796.448 797.311 797.311

Overall Chi2 35.245 (0.000) 42.762 (0.000)
Overall F-stat 13.819 (0.000) 7.029 (0.000)

N 66 66 66 66
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-Gl: Panel D: Tobit: misi to onzn: Estimates and diagnostic tests

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se

MCP
1.070 1.070 -0.705 -0.705

(0.442)** (0.486)** (0.571) (0.515)
HDD PosDev -3.150 -3.150 -2.852 -2.852

onzn (1.737)* (1.368)** (1.538)* (1.219)**
HDD NegDev -6.581 -6.581 -8.100 -8.100

onzn (8.470) (5.805) (7.230) (5.815)
CDD PosDev -5.190 -5.190 -3.496 -3.496

onzn (15.661) (18.260) (13.435) (17.785)
CDD NegDev -44.762 -44.762 -79.032 -79.032

onzn (34.623) (22.901)* (30.627)** (27.643)***
HDD PosDev 16.020 16.020 1.819 1.819

misi (8.140)* (13.466)* (7.838) (7.554)
HDD NegDev -7.801 -7.801 -2.198 -2.198

misi (12.172) (7.995) (10.270) (7.593)
CDD PosDev 38.498 38.498 45.075 45.075

misi (20.823)* (27.347) (17.751)** (26.776)*
CDD NegDev 2.967 2.967 32.712 32.712

misi (33.978) (20.048) (29.413) (23.781)
Natural gas 4302.793 4302.793 5671.853 5671.853

price (1869.502)** (1773.397)** (1763.537)*** (1695.693)***
Natural gas 40375.280 40375.280 50412.902 50412.902

capacity ratio (20436.349)* (17763.828)** (18315.126)*** (16142.917)***
NG price * NG -9330.426 -9330.426 -11849.649 -11849.649
capacity ratio (4035.876)** (3909.478)** (3836.874)*** (3650.632)***

Risk-free
-107.714
(215.983)

-107.714
(187.949)

-64.722
(188.819)

-64.722
(167.422)

Lag of Profit
0.211

(0.145)
0.211

(0.140)
0.093

(0.127)
0.093

(0.149)

1 / t
-30937.384 -30937.384

(9074.714)*** (8130.219)****

M CP / t
30.296

(7.823)****
30.296

(7.387)****

Constant
-19369.168 -19369.168 -24411.848 -24411.848

(10065.614)* (8508.889)** (8929.573)*** (7847.695)***

Sigma
1184.824 1184.824 1003.104 1003.104

(128.547)**** (181.290)**** (109.602)**** (121.932)****
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MacKinnon R2 0.079 0.079 0.095 0.095
McK.-Zav. R2 0.679 0.679 0.753 0.753
Cragg-Uhl. R2 0.623 0.623 0.692 0.692
Cox-Snell R2 0.623 0.623 0.692 0.692

AIC 782.588 782.588 773.299 773.299
BIC 817.622 817.622 812.713 812.713

Overall Chi2 64.347 (0.000) 77.635 (0.000)
Overall F-stat 3.725 (0.000) 6.655 (0.000)

N 66 66 66 66
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001

Table V-G2: Panel A: Tobit: misi to onzn: Hypothesis test results

(I) OIM se (I) HW se (II) OIM se (II) HW se
Hypothesis A 9.5 (0.003) 9.0 (0.004) 7.9 (0.006) 8.7 (0.004)
Hypothesis B 34.3 (0.000) 16.0 (0.000) 13.0 (0.001) 6.2 (0.015)
Hypothesis C 7.9 (0.006) 3.7 (0.058) 1.1 (0.301) 0.5 (0.473)
Hypothesis D 5.1 (0.009) 5.2 (0.008) 4.6 (0.013) 6.4 (0.003)
Hypothesis E 0.8 (0.366) 0.7 (0.407)
Hypothesis F 3.5 (0.065) 1.2 (0.273)
Hypothesis G 2.7 (0.075) 1.2 (0.294)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G2: Panel B: Tobit: misi to onzn: Hypothesis test results

(III) OIM se (III) HW se (IV) OIM se (IV) HW se
Hypothesis A 7.7 (0.007) 8.9 (0.004) 6.9 (0.011) 8.1 (0.006)
Hypothesis B 7.5 (0.008) 6.7 (0.012) 2.4 (0.127) 2.2 (0.148)
Hypothesis C 0.1 (0.796) 0.1 (0.807) 0.5 (0.482) 0.5 (0.504)
Hypothesis D 4.5 (0.015) 4.6 (0.014) 3.5 (0.038) 4.1 (0.022)
Hypothesis E 0.8 (0.374) 0.8 (0.380)
Hypothesis F 3.5 (0.067) 1.4 (0.235)
Hypothesis G 2.1 (0.126) 0.8 (0.437)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-G2: Panel C: Tobit: misi to onzn: Hypothesis test results

(V) OIM se (V) HW se (VI) OIM se (VI) HW se
Hypothesis A 6.4 (0.014) 5.6 (0.021) 0.8 (0.385) 0.8 (0.375)
Hypothesis B 25.2 (0.000) 11.3 (0.001) 3.7 (0.061) 2.0 (0.160)
Hypothesis C 4.0 (0.050) 1.8 (0.185) 0.2 (0.639) 0.1 (0.727)
Hypothesis D 3.2 (0.046) 4.0 (0.024) 1.9 (0.155) 2.4 (0.102)
Hypothesis E 3.6 (0.063) 1.8 (0.189)
Hypothesis F 5.7 (0.020) 2.1 (0.152)
Hypothesis G 4.1 (0.322) 1.2 (0.322)
Hypothesis J 8.1 (0.006) 6.4 (0.014) 4.5 (0.038) 4.5 (0.038)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-G2: Panel D: Tobit: misi to onzn: Hypothesis test results

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se
Hypothesis A 3.7 (0.060) 5.2 (0.027) 7.5 (0.009) 9.7 (0.003)
Hypothesis B 5.9 (0.019) 4.8 (0.032) 1.5 (0.223) 1.9 (0.177)
Hypothesis C 0.0 (0.875) 0.0 (0.886) 8.9 (0.004) 11.0 (0.002)
Hypothesis D 2.2 (0.120) 2.8 (0.069) 6.0 (0.005) 6.4 (0.003)
Hypothesis E 11.6 (0.001) 14.5 (0.000)
Hypothesis F 15.0 (0.000) 16.8 (0.000)
Hypothesis G 8.0 (0.001) 8.7 (0.001)
Hypothesis J 2.1 (0.150) 2.3 (0.136) 0.5 (0.465) 0.4 (0.533)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G3: Panel A: Tobit: nysi to onzn: Estimates and diagnostic tests

(I) OIM se (I) HW se (II) OIM se (II) HW se

MCP
1.033 1.033 2.350 2.350

(1.785) (1.150) (1.912) (1.352)

1 / t
9777.142 9777.142

(3182.708)*** (2109.251)****

MCP/t
-31.365

(17.671)*
-31.365

(12.651)**

Constant
-1629.290 -1629.290 -1631.940 -1631.940

(538.495)*** (599.333)*** (463.474)**** (640.564)**

Sigma
1960.481 1960.481 1529.427 1529.427

(352.178)**** (625.255)*** (272.086)**** (613.897)**
MacKinnon R2 0.001 0.001 0.031 0.031
McK.-Zav. R2 0.007 0.007 0.188 0.188
Cragg-Uhl. R2 0.005 0.005 0.148 0.148
Cox-Snell R2 0.005 0.005 0.148 0.148

AIC 392.530 392.530 384.888 384.888
BIC 399.483 399.483 396.475 396.475

Overall Chi2 0.339 (0.560) 11.981 (0.007)
Overall F-stat 0.806 (0.0372) 33.909 (0.000)

N 75 75 75 75
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-G3: Panel B: Tobit: nysi to onzn: Estimates and diagnostic tests

(III) OIM se (III) HW se (IV) OIM se (IV) HW se

MCP
-2.457 -2.457 -1.179 -1.179
(1.822) (1.591) (1.877) (1.711)

HDD PosDev -27.000 -27.000 -14.375 -14.375
onzn (24.969) (14.694) (20.180) (11.306)

HDD NegDev -10.313 -10.313 -5.609 -5.609
onzn (14.012) (12.239) (12.553) (10.811)
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CDD PosDev 7.250 7.250 11.624 11.624
onzn (12.208) (12.785) (10.475) (10.660)

CDD NegDev -186.660 -186.660 -124.498 -124.498
onzn (266.918) (146.215) (166.137) (92.029)

HDD PosDev -336.643 -336.643 -228.909 -228.909
nysi (287.202) (189.688)* (198.667) (121.755)*

HDD NegDev 13.544 13.544 7.953 7.953
nysi (21.110) (17.762) (19.023) (16.044)

CDD PosDev 28.453 28.453 25.932 25.932
nysi (15.254)* (18.477) (12.769)** (20.328)

CDD NegDev 19.037 19.037 40.623 40.623
nysi (172.496) (112.261) (83.761) (43.074)

Natural gas -9414.112 -9414.112 -6505.301 -6505.301
price (3682.522)** (4345.498)** (3247.713)** (3727.158)*

Natural gas -138664.624 -138664.624 -92380.383 -92380.383
capacity ratio (45748.576)*** (58620.004)** (40760.243)** (52844.786)*

NG price * NG 21175.670 21175.670 14875.205 14875.205
capacity ratio (8255.054)** (9709.367)** (7297.152)** (8400.698)*

Risk-free
-1375.659

(397.957)****
-1375.659

(538.718)**
-862.802

(366.162)**
-862.802

(509.802)*

1 / t
5137.244 5137.244

(2449.684)** (1576.878)***

M CP/ t
-9.715

(15.649)
-9.715
(9.133)

Constant
66311.247 66311.247 42737.759 42737.759

(21623.485)*** (28100.921)** (19367.439)** (25132.160)*

Sigma
1201.116 1201.116 1025.863 1025.863

(200.955)**** (211.218)**** (169.940)**** (267.066)****
MacKinnon R2 0.111 0.111 0.128 0.128
McK.-Zav. R2 0.978 0.978 0.966 0.966
Cragg-Uhl. R2 0.440 0.440 0.487 0.487
Cox-Snell R2 0.437 0.437 0.487 0.487

AIC 373.768 373.768 371.269 371.269
BIC 408.530 408.530 410.667 410.667

Overall Chi2 43.102 (0.000) 49.600 (0.000)
Overall F-stat 1.082 (0.433) 67.895 (0.000)

N 75 75 75 75
Note: Point estimates calculated w ith OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses.
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Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001

Table V-G3: Panel C: Tobit: nysi to onzn: Estimates and diagnostic tests

(V) OIM se (V) HW se (VI) OIM se (VI) HW se

MCP
-0.053 -0.053 2.552 2.552
(1.568) (1.313) (2.176) (2.018)

Lag of Profit
0.539

(0.229)**
0.539

(0.354)
0.664

(0.243)***
0.664

(0.421)

1 / t
7472.889 7472.889

(13570.162) (11791.871)

MCP/ t
-30.851
(31.920)

-30.851
(30.479)

Constant
-1197.953 -1197.953 -1465.301 -1465.301

(421.943)*** (521.260)** (564.147)** (728.989)**

Sigma
1475.351 1475.351 1403.705 1403.705

(274.351)**** (521.260)** (564.147)** (728.278)**
MacKinnon R2 0.016 0.016 0.024 0.024
McK.-Zav. R2 0.092 0.092 0.154 0.154
Cragg-Uhl. R2 0.076 0.076 0.113 0.113
Cox-Snell R2 0.076 0.076 0.112 0.112

AIC 342.828 342.828 344.053 344.053
BIC 351.706 351.706 357.370 357.370

Overall Chi2 5.304 (0.071) 8.079 (0.089)
Overall F-stat 1.157 (0.321) 0.665 (0.618)

N 68 68 68 68
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-G3: Panel D: Tobit: nysi to onzn: Estimates and diagnostic tests

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se

MCP
-0.615 -0.615 -2.467 -2.467
(2.036) (1.750) (4.218) (3.237)

HDD PosDev -15.088 -15.088 -17.398 -17.398
onzn (22.357) (11.807) (25.111) (11.790)

HDD NegDev -5.692 -5.692 -5.047 -5.047
onzn (12.384) (10.163) (14.094) (11.310)

CDD PosDev 13.810 13.810 17.760 17.760
onzn (11.487) (10.293) (12.677) (10.162)

CDD NegDev -113.589 -113.589 -60.054 -60.054
onzn (174.057) (98.748) (195.779) (101.373)

HDD PosDev -223.132 -223.132 -170.042 -170.042
nysi (225.165) (142.422) (214.580) (116.717)

HDD NegDev 7.222 7.222 5.584 5.584
nysi (18.928) (14.964) (21.085) (17.333)

CDD PosDev 25.114 25.114 23.821 23.821
nysi (18.093) (24.478) (21.339) (28.272)

CDD NegDev 24.854 24.854 -29.475 -29.475
nysi (127.056) (71.929) (180.321) (84.091)

Natural gas -6391.388 -6391.388 -4208.108 -4208.108
price (3572.340)* (4031.916) (4347.164) (4584.164)

Natural gas -90737.408 -90737.408 -72953.417 -72953.417
capacity ratio (44670.505)** (56175.831) (48646.618) (59457.181)

NG price * NG 14677.318 14677.318 9756.422 9756.422
capacity ratio (8021.411)* (9115.169) (9830.042) (10374.824)

Risk-free
-829.158 -829.158 -856.353 -856.353

(393.469)** (393.469)** (410.095)** (520.253)

Lag of Profit
0.012

(0.277)
0.012

(0.277)
0.024

(0.363)
0.024

(0.307)

1 / t
-25776,440 -25776,440
(36497.954) (23590.298)

MCP/t
50.414

(79.414)
50.414

(51.971)

Constant
41786.821 41786.821 34699.214 34699.214

(21119.603)* (26457.994) (22391.899) (27558.806)

Sigma
1065.696 1065.696 1074.462 1074.462

(186.151)**** (283.954)**** (189.103)**** (293.932)****
MacKinnon R2 0.107 0.107 0.109 0.109
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McK.-Zav. R2 0.960 0.960 0.939 0.939
Cragg-Uhl. R2 0.417 0.417 0.422 0.422
Cox-Snell R2 0.414 0.414 0.419 0.419

AIC 335.791 335.791 339.155 339.155
BIC 371.342 371.342 379.106 379.106

Overall Chi2 36.342 (0.001) 36.978 (0.002)
Overall F-stat 0.964 (0.501) 1.439 (0.161)

N 68 68 68 68
Note: Point estimates calculated w ith OIM (unadjusted) and HW  (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl

Table V-G4: Panel A: Tobit: nysi to onzn: Hypothesis test results

(I) OIM se (I) HW se (II) OIM se (II) HW se
Hypothesis A 9.2 (0.003) 7.4 (0.008) 12.4 (0.001) 6.5 (0.013)
Hypothesis B 0.3 (0.565) 0.8 (0.372) 1.5 (0.223) 3.0 (0.086)
Hypothesis C 0.0 (0.985) 0.0 (0.977) 0.5 (0.482) 1.0 (0.321)
Hypothesis D 6.9 (0.002) 4.9 (0.010) 7.9 (0.001) 4.2 (0.018)
Hypothesis E 9.4 (0.003) 21.5 (0.000)
Hypothesis F 3.2 (0.080) 6.1 (0.016)
Hypothesis G 6.5 (0.003) 46.0 (0.000)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-G4: Panel B: Tobit: nysi to onzn: Hypothesis test results

(III) OIM se (III) HW se (IV) OIM se (IV) HW se
Hypothesis A 9.4 (0.003) 5.6 (0.021) 4.9 (0.031) 2.9 (0.094)
Hypothesis B 1.8 (0.182) 2.4 (0.128) 0.4 (0.532) 0.5 (0.493)
Hypothesis C 3.6 (0.062) 4.7 (0.034) 1.3 (0.250) 1.6 (0.208)
Hypothesis D 5.8 (0.005) 3.2 (0.046) 2.6 (0.084) 1.5 (0.242)
Hypothesis E 4.4 (0.040) 10.6 (0.002)
Hypothesis F 0.4 (0.537) 1.1 (0.292)
Hypothesis G 3.8 (0.028) 8.4 (0.001)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G4: Panel C: Tobit: nysi to onzn: Hypothesis test results

(V) OIM se (V) HW se (VI) OIM se (VI) HW se
Hypothesis A 8.1 (0.006) 5.3 (0.025) 6.7 (0.012) 4.0 (0.049)
Hypothesis B 0.0 (0.973) 0.0 (0.968) 1.4 (0.245) 1.6 (0.211)
Hypothesis C 0.5 (0.504) 0.6 (0.425) 0.5 (0.478) 0.6 (0.445)
Hypothesis D 7.4 (0.001) 3.4 (0.038) 4.0 (0.022) 2.7 (0.073)
Hypothesis E 0.3 (0.584) 0.4 (0.529)
Hypothesis F 0.9 (0.337) 1.0 (0.315)
Hypothesis G 1.2 (0.317) 0.9 (0.398)
Hypothesis J 5.5 (0.022) 2.3 (0.133) 7.5 (0.008) 2.5 (0.120)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-G4: Panel D: Tobit: nysi to onzn: Hypothesis test results

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se
Hypothesis A 3.9 (0.053) 2.5 (0.120) 2.4 (0.127) 1.6 (0.214)
Hypothesis B 0.1 (0.764) 0.1 (0.727) 0.3 (0.561) 0.6 (0.450)
Hypothesis C 0.6 (0.431) 0.9 (0.360) 0.7 (0.415) 1.1 (0.289)
Hypothesis D 2.2 (0.119) 1.3 (0.289) 1.6 (0.215) 1.2 (0.306)
Hypothesis E 0.5 (0.483) 1.2 (0.280)
Hypothesis F 0.4 (0.528) 0.9 (0.337)
Hypothesis G 0.3 (0.754) 0.7 (0.489)
Hypothesis J 0.0 (0.967) 0.0 (0.958) 0.0 (0.947) 0.0 (0.937)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G5: Panel A: Tobit: onzn to misi: Estimates and diagnostic tests

(I) OIM se (I) HW se (II) OIM se (II) HW se

MCP
0.619 0.619 0.658 0.658

(0.131)**** (0.131)**** (0.473) (0.473)

1 / t
-9956.870 -9956.870

(4450.913)** (4450.913)**

MCP/ t
-7.463

(26.261)
-7.463

(26.261)

Constant
-178.887 -178.887 271.704 271.704
(155.027) (155.027) (209.272) (209.272)

Sigma
1066.254 1066.254 1018.654 1018.654

(116.725)**** (116.725)**** (110.191)**** (110.191)****
MacKinnon R2 0.024 0.024 0.038 0.038
McK.-Zav. R2 0.240 0.240 0.684 0.684
Cragg-Uhl. R2 0.233 0.233 0.341 0.341
Cox-Snell R2 0.233 0.233 0.341 0.341

AIC 798.198 798.198 790.942 790.942
BIC 805.110 805.110 802.462 802.462

Overall Chi2 19.616 (0.000) 19.616 (0.000) 30.871 (0.000) 30.871 (0.000)
Overall F-stat

N 74 74 74 74
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the form ulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-G5: Panel B: Tobit: onzn to misi: Estimates and diagnostic tests

(III) OIM se (III) HW se (IV) OIM se (IV) HW se

MCP
0.527 0.527 0.838 0.838

(0.150)**** (0.111)**** (0.516) (0.396)**
HDD PosDev -0.993 -0.993 -2.363 -2.363

onzn (1.865) (1.608) (1.940) (1.805)
HDD NegDev 1.493 1.493 2.346 2.346

onzn (6.371) (10.730) (6.473) (10.855)

386



CDD PosDev 3.843 3.843 6.407 6.407
onzn (12.693) (9.252) (12.340) (8.365)

CDD NegDev 8.028 8.028 13.058 13.058
onzn (22.980) (18.154) (24.841) (22.274)

HDD PosDev -2.104 -2.104 -3.047 -3.047
misi (6.074) (5.970) (6.203) (6.151)

HDD NegDev -3.912 -3.912 -4.518 -4.518
misi (9.404) (10.188) (9.305) (10.529)

CDD PosDev -17.361 -17.361 -22.402 -22.402
misi (17.966) (11.053) (17.577) (11.545)*

CDD NegDev -2.885 -2.885 -12.917 -12.917
misi (23.752) (26.453) (24.318) (28.092)

Natural gas -2120.522 -2120.522 -777.950 -777.950
price (1098.948)* (1179.497)* (1209.993) (1074.851)

Natural gas -20628.307 -20628.307 -15242.309 -15242.309
capacity ratio (12834.022) (13369.574) (12743.517) (13121.033)

NG price * NG 4528.847 4528.847 1319.144 1319.144
capacity ratio (2440.647)* (2510.755)* (2720.941) (2393.349)

Risk-free
-129.648
(147.797)

-129.648
(168.548)

-290.414
(160.876)*

-290.414
(215.164)

1 / t
-12831.137 -12831.137
(6882.401)* (9246.926)

MCP/ t
-21.702
(30.679)

-21.702
(23.399)

Constant
10360.848 10360.848 9599.644 9599.644
(6255.533) (7136.758) (6133.408) (7192.992)

Sigma
975.417 975.417 937.587 937.587

(105.754)**** (234.367)**** (101.110)**** (200.142)****
MacKinnon R2 0.045 0.045 0.054 0.054
McK.-Zav. R2 0.413 0.413 0.770 0.770
Cragg-Uhl. R2 0.392 0.392 0.448 0.448
Cox-Snell R2 0.392 0.392 0.448 0.448

AIC 804.951 804.951 801.833 801.833
BIC 839.512 839.512 841.003 841.003

Overall Chi2 36.863 (0.000) 43.980 (0.000)
Overall F-stat 4.667 (0.000) 3.649 (0.000)

N 74 74 74 74
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses.
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Depending of the form ulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V-G5: Panel C: Tobit: onzn to misi: Estimates and diagnostic tests

(V) OIM se (V) HW se (VI) OIM se (VI) HW se

MCP
0.688 0.688 0.696 0.696

(0.19 7)**** (0.139)**** (0.518) (0.458)

Lag of Profit
0.200

(0.186)
0.200

(0.121)
0.156

(0.179)
0.156

(0.113)

1 / t
-9661.521 -9661.521

(4820.604)** (6740.770)

MCP/ t
-8.077

(28.229)
-8.077

(25.217)

Constant
-223.051 -223.051 231.599 231.599
(180.129) (135.780) (240.454) (248.315)

Sigma
1136.761 1136.761 1087.460 1087.460

(134.078)**** (302.193)**** (126.925)**** (248.315)****
MacKinnon R2 0.016 0.016 0.028 0.028
McK.-Zav. R2 0.164 0.164 0.429 0.429
Cragg-Uhl. R2 0.161 0.161 0.260 0.260
Cox-Snell R2 0.161 0.161 0.260 0.260

AIC 701.252 701.252 696.984 696.984
BIC 710.011 710.011 710.122 710.122

Overall Chi2 11.572 (0.003) 19.840 (0.001)
Overall F-stat 12.755 (0.000) 10.933 (0.000)

N 66 66 66 66
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the form ulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-G5: Panel D: Tobit: onzn to misi: Estimates and diagnostic tests

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se

MCP
0.374 0.374 1.361 1.361

(0.217)** (0.102)**** (0.670)** (0.415)***
HDD PosDev -1.563 -1.563 -3.396 -3.396

onzn (2.003) (1.729) (2.100) (1.986)*
HDD NegDev -2.022 -2.022 -1.543 -1.543

onzn (7.165) (13.264) (7.254) (13.705)
CDD PosDev 0.526 0.526 2.174 2.174

onzn (13.810) (12.136) (13.123) (11.189)
CDD NegDev 26.353 26.353 67.655 67.655

onzn (26.466) (19.324) (36.818)* (28.578)**
HDD PosDev -0.194 -0.194 -1.843 -1.843

misi (7.369) (6.030) (7.548) (6.640)
HDD NegDev -0.501 -0.501 -1.472 -1.472

misi (11.250) (13.439) (11.134) (14.273)
CDD PosDev -22.425 -22.425 -26.165 -26.165

misi (21.375) (13.275)* (20.152) (13.409)
CDD NegDev -20.338 -20.338 -52.421 -52.421

misi (26.440) (28.626) (31.973) (35.511)
Natural gas -2956.030 -2956.030 -965.748 -965.748

price (1260.323)** (1471.658)** (1353.488) (1339.638)
Natural gas -30579.881 -30579.881 -19593.415 -19593.415

capacity ratio (14641.293)** (16868.124)* (14171.813) (15863.541)
NG price * NG 6283.645 6283.645 1624.980 1624.980
capacity ratio (2758.014)** (3114.046)** (3020.889) (2963.117)

Risk-free -259.226 -259.226 -430.810 -430.810
(168.477) (215.018) (177.516)** (251.403)*

Lag of Profit
0.149

(0.179)
0.149

(0.118)
0.087

(0.175)
0.087

(0.122)

1 / t
-14947.723 -14947.723

(7417.624)** (9221.668)

MCP/t
-74.694 -74.694
(45.152) (29.510)**

Constant
15726.290 15726.290 12653.705 12653.705

(7257.686)** (9057.669)** (6894.774)* (8639.209)*

Sigma
1006.234 1006.234 941.993 941.993

(116.780)**** (249.776)**** (108.400)**** (209.361)****
MacKinnon R2 0.044 0.044 0.056 0.056
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McK.-Zav. R2 0.404 0.404 0.628 0.628
Cragg-Uhl. R2 0.373 0.373 0.448 0.448
Cox-Snell R2 0.373 0.373 0.448 0.448

AIC 706.025 706.025 701.601 701.601
BIC 741.059 741.059 741.015 741.015

Overall Chi2 30.799 (0.006) 39.223 (0.001)
Overall F-stat 8.977 (0.000) 12.099 (0.000)

N 66 66 66 66
Note: Point estimates calculated w ith OIM (unadjusted) and HW  (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the form ulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl

Table V-G6: Panel A: Tobit: onzn to misi: Hypothesis test results

(I) OIM se (I) HW se (II) OIM se (II) HW se
Hypothesis A 1.3 (0.252) 1.3 (0.252) 1.7 (0.198) 1.7 (0.198)
Hypothesis B 22.2 (0.000) 22.2 (0.000) 1.9 (0.169) 1.9 (0.169)
Hypothesis C 8.4 (0.005) 8.4 (0.005) 0.5 (0.472) 0.5 (0.472)
Hypothesis D 7.5 (0.001) 7.5 (0.001) 0.9 (0.028) 0.9 (0.028)
Hypothesis E 5.0 (0.028) 5.0 (0.028)
Hypothesis F 0.1 (0.777) 0.1 (0.777)
Hypothesis G 3.4 (0.039) 3.4 (0.039)

Note: This table reports F-statistics, with associated p-values in parentheses.

Table V-G6: Panel B: Tobit: onzn to misi: Hypothesis test results

(III) OIM se (III) HW se (IV) OIM se (IV) HW se
Hypothesis A 2.7 (0.103) 2.1 (0.152) 2.4 (0.123) 1.8 (0.187)
Hypothesis B 12.4 (0.001) 22.6 (0.000) 2.6 (0.109) 4.5 (0.038)
Hypothesis C 10.0 (0.002) 18.1 (0.000) 0.1 (0.755) 0.2 (0.685)
Hypothesis D 5.7 (0.005) 9.1 (0.000) 1.2 (0.296) 0.9 (0.393)
Hypothesis E 3.5 (0.067) 1.9 (0.170)
Hypothesis F 0.5 (0.482) 0.9 (0.357)
Hypothesis G 1.9 (0.155) 1.3 (0.278)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
Table V-G6: Panel C: Tobit: onzn to misi: Hypothesis test results
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(V) OIM se (V) HW se (VI) OIM se (VI) HW se
Hypothesis A 1.5 (0.220) 2.7 (0.105) 0.9 (0.339) 0.9 (0.355)
Hypothesis B 12.2 (0.001) 24.6 (0.000) 1.8 (0.184) 2.3 (0.134)
Hypothesis C 2.5 (0.119) 5.1 (0.028) 0.3 (0.559) 0.4 (0.509)
Hypothesis D 3.6 (0.033) 8.4 (0.001) 0.5 (0.605) 0.5 (0.632)
Hypothesis E 4.0 (0.049) 2.1 (0.157)
Hypothesis F 0.1 (0.776) 0.1 (0.750)
Hypothesis G 2.7 (0.072) 1.8 (0.169)
Hypothesis J 1.2 (0.287) 2.7 (0.104) 0.8 (0.387) 1.7 (0.197)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-G6: Panel D: Tobit: onzn to misi: Hypothesis test results

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se
Hypothesis A 4.7 (0.035) 3.0 (0.088) 3.4 (0.072) 2.1 (0.149)
Hypothesis B 3.0 (0.090) 13.6 (0.001) 4.1 (0.048) 10.8 (0.002)
Hypothesis C 8.3 (0.006) 37.9 (0.000) 0.3 (0.593) 0.8 (0.389)
Hypothesis D 5.8 (0.005) 22.0 (0.000) 2.0 (0.141) 1.6 (0.217)
Hypothesis E 4.1 (0.049) 2.6 (0.111)
Hypothesis F 2.7 (0.104) 6.4 (0.015)
Hypothesis G 3.1 (0.056) 3.3 (0.045)
Hypothesis J 0.7 (0.407) 1.6 (0.210) 0.2 (0.620) 0.5 (0.477)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G7: Panel A: Tobit: onzn to nysi: Estimates and diagnostic tests

(I) OIM se (I) HW se (II) OIM se (II) HW se

MCP
0.710 0.710 0.616 0.616

(0.215)*** (0.215)*** (0.298)** (0.298)**

1 / t
-4462.749 -4462.749
(4397.296) (4397.296)

MCP/ t
0.333

(9.911)
0.333

(9.911)

Constant
307.897 307.897 637.467 637.467

(289.595) (289.595) (341.842)* (341.842)*

Sigma
1730.155 1730.155 1708.007 1708.007

(152.075)**** (152.075)**** (149.722)**** (149.722)****
MacKinnon R2 0.009 0.009 0.012 0.012
McK.-Zav. R2 0.133 0.133 0.232 0.232
Cragg-Uhl. R2 0.130 0.130 0.174 0.174
Cox-Snell R2 0.130 0.130 0.174 0.174

AIC 1189.260 1189.260 1189.506 1189.506
BIC 1196.131 1196.131 1200.958 1200.958

Overall Chi2 10.194 (0.001) 10.194 (0.001) 13.947 (0.003) 13.947 (0.003)
Overall F-stat

N 73 73 73 73
Note: Point estimates calculated w ith OIM (unadjusted) and HW  (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-G7: Panel B: Tobit: onzn to nysi: Estimates and diagnostic tests

(III) OIM se (III) HW se (IV) OIM se (IV) HW se

MCP
0.232 0.232 0.316 0.316

(0.202) (0.186) (0.281) (0.221)
HDD PosDev -1.211 -1.211 -1.330 -1.330

onzn (1.969) (0.878) (2.009) (0.848)
HDD NegDev -18.184 -18.184 -17.081 -17.081

onzn (9.470)* (7.627)** (9.849)* (7.864)**
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CDD PosDev 16.227 16.227 -15.858 -15.858
onzn (11.872) (7.870)** (11.898) (7.925)*

CDD NegDev -4.115 -4.115 -2.358 -2.358
onzn (18.922) (15.852) (19.535) (16.696)

HDD PosDev -7.933 -7.933 -6.506 -6.506
nysi (8.485) (8.118) (9.076) (8.995)

HDD NegDev 7.120 7.120 5.982 5.982
nysi (13.961) (10.974) (14.272) (11.045)

CDD PosDev 7.530 7.530 7.690 7.690
nysi (14.675) (8.135) (14.671) (8.048)

CDD NegDev 46.185 46.185 45.469 45.469
nysi (17.523)** (19.538)** (17.602)** (20.081)**

Natural gas -2668.748 -2668.748 -2384.009 -2384.009
price (1521.590)* (1552.333)* (1659.271) (1429.295)

Natural gas -27372.633 -27372.633 -25034.115 -25034.115
capacity ratio (18484.108) (18600.837) (19216.661) (17636.108)

NG price * NG 7292.635 7292.635 6662.375 6662.375
capacity ratio (3405.313)** (3091.615)** (3717.787)* (2930.009)**

Risk-free
-146.894
(215.872)

-146.894
(177.300)

-146.271
(218.181)

-146.271
(176.837)

1 / t
323.307 323.307

(2494.874) (1646.714)

M CP/ t
-4.085
(9.395)

-4.085
(7.859)

Constant 10167.751 10167.751 9078.358 9078.358
(9021.207) (10207.954) (9360.919) (9746.581)

Sigma
1389.949 1389.949 1389.041 1389.041

(121.059)**** (295.603)**** (121.425)**** (295.263)****
MacKinnon R2 0.036 0.036 0.036 0.036
McK.-Zav. R2 0.457 0.457 0.458 0.458
Cragg-Uhl. R2 0.442 0.442 0.443 0.443
Cox-Snell R2 0.442 0.442 0.443 0.443

AIC 1180.927 1180.927 1184.731 1184.731
BIC 1215.284 1215.284 1223.669 1223.669

Overall Chi2 42.526 (0.000) 42.723 (0.000)
Overall F-stat 6.304 (0.000) 5.372 (0.000)

N 73 73 73 73
Note: Point estimates calculated w ith OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses.
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Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V-G7: Panel C: Tobit: onzn to nysi: Estimates and diagnostic tests

(V) OIM se (V) HW se (VI) OIM se (VI) HW se

MCP
0.343 0.343 0.266 0.266

(0.255) (0.143)** (0.342) (0.241)

Lag of Profit
0.281

(0.134)**
0.281

(0.251)
0.279

(0.134)**
0.279

(0.243)

1 / t
-4286.193 -4286.193
(5092.377) (3725.144)

MCP/ t
0.675

(10.601)
0.675

(8.279)

Constant
505.425 505.425 770.972 770.972

(307.887) (236.870)** (367.144)** (313.578)**

Sigma
1684.291 1684.291 1668.284 1668.284

(155.031)**** (475.240)**** (153.317)**** (475.970)****
MacKinnon R2 0.009 0.009 0.011 0.011
McK.-Zav. R2 0.138 0.138 0.167 0.167
Cragg-Uhl. R2 0.136 0.136 0.159 0.159
Cox-Snell R2 0.136 0.136 0.159 0.159

AIC 1079.622 1079.622 1081.862 1081.862
BIC 1088.381 1088.381 1095.000 1095.000

Overall Chi2 9.647 (0.008) 11.407 (0.022)
Overall F-stat 6.447 (0.003) 10.023 (0.000)

N 66 66
Note: Point estimates calculated w ith OIM (unadjusted) and HW  (Huber-W hite robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001
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Table V-G7 Panel D: Tobit: onzn to nysi: Estimates and diagnostic tests

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se

MCP
0.112 0.112 0.257 0.257

(0.225) (0.169) (0.303) (0.233)
HDD PosDev -0.826 -0.826 -0.496 -0.496

onzn (1.949) (0.876) (1.954) (0.820)
HDD NegDev -13.704 -13.704 -18.288 -18.288

onzn (9.563) (6.838)* (10.035)* (7.932)**
CDD PosDev -16.147 -16.147 -16.807 -16.807

onzn (11.946) (7.946)** (11.741) (8.110)**
CDD NegDev -16.715 -16.715 -8.838 -8.838

onzn (22.330) (18.157) (23.946) (21.498)
HDD PosDev -8.707 -8.707 -10.289 -10.289

nysi (8.918) (8.504) (9.393) (8.313)
HDD NegDev 2.978 2.978 9.439 9.439

nysi (14.146) (10.481) (14.560) (10.796)
CDD PosDev 10.964 10.964 11.013 11.013

nysi (14.415) (7.862) (14.122) (8.302)
CDD NegDev 59.140 59.140 59.682 59.682

nysi (19.741)*** (19.031)*** (19.980)*** (19.995)***
Natural gas -1729.567 -1729.567 -2544.332 -2544.332

price (1644.377) (1468.752) (1843.884) (1401.615)*
Natural gas -16284.783 -16284.783 -22245.465 -22245.465

capacity ratio (19909.037) (17264.782) (20694.253) (16112.531)
NG price * NG 5155.459 5155.459 7172.156 7172.156
capacity ratio (3681.774) (2901.689)* (4172.630)* (3030.343)**

Risk-free -6.738
(230.672)

-6.738
(160.330)

18.261
(225.123)

18.261
(158.681)

Lag of Profit
0.057

(0.120)
0.057

(0.215)
0.036

(0.119)
0.036

(0.208)

1 / t
7063.995 7063.995

(4977.026) (4485.631)

MCP/t
-6.573

(10.377)
-6.573
(7.973)

Constant
4711.999 4711.999 6569.418 6569.418

(9737.512) (9614.209) (9930.780) (8861.848)

Sigma
1352.442 1352.442 1324.217 1324.217

(123.607)**** (338.754)**** (121.483)**** (330.544)****
MacKinnon R2 0.035 0.035 0.037 0.037
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McK.-Zav. R2 0.454 0.454 0.466 0.466
Cragg-Uhl. R2 0.441 0.441 0.456 0.456
Cox-Snell R2 0.441 0.441 0.456 0.456

AIC 1074.896 1074.896 1077.028 1077.028
BIC 1109.931 1109.931 1116.442 1116.442

Overall Chi2 38.373 (0.000) 40.240 (0.001)
Overall F-stat 8.521 (0.000) 8.039 (0.000)

N 66 66 66 66
Note: Point estimates calculated with OIM (unadjusted) and HW (Huber-White robust) 
standard errors are the same. The appropriate standard error is reported in parentheses. 
Depending of the formulation of the standard error, the chi-square statistic or F-statistic 
are calculated. The corresponding p-value is also reported.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V-G8: Panel A: Tobit: onzn to nysi: Hypothesis test results

(I) OIM se (I) HW se (II) OIM se (II) HW se
Hypothesis A 1.1 (0.291) 1.1 (0.291) 3.5 (0.066) 3.5 (0.066)
Hypothesis B 10.9 (0.002) 10.9 (0.002) 4.3 (0.043) 4.3 (0.043)
Hypothesis C 1.8 (0.182) 1.8 (0.182) 1.7 (0.202) 1.7 (0.202)
Hypothesis D 0.9 (0.402) 0.9 (0.402) 1.8 (0.175) 1.8 (0.175)
Hypothesis E 1.1 (0.295) 1.1 (0.295)
Hypothesis F 0.0 (0.973) 0.0 (0.973)
Hypothesis G 1.2 (0.303) 1.2 (0.303)

Note: This table reports F-statistics, with associated p-values in parentheses.

Table V-G8: Panel B: Tobit: onzn to nysi: Hypothesis test results

(III) OIM se (III) HW se (IV) OIM se (IV) HW se
Hypothesis A 1.3 (0.264) 1.0 (0.323) 0.9 (0.336) 0.9 (0.355)
Hypothesis B 1.3 (0.254) 1.6 (0.218) 1.3 (0.264) 2.1 (0.157)
Hypothesis C 14.5 (0.000) 17.0 (0.000) 5.9 (0.018) 9.6 (0.003)
Hypothesis D 7.3 (0.001) 8.7 (0.000) 3.0 (0.059) 4.9 (0.011)
Hypothesis E 0.0 (0.897) 0.0 (0.845)
Hypothesis F 0.2 (0.665) 0.3 (0.605)
Hypothesis G 0.1 (0.907) 0.1 (0.874)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-G8: Panel C: Tobit: onzn to nysi: Hypothesis test results

(V) OIM se (V) HW se (VI) OIM se (VI) HW se
Hypothesis A 2.7 (0.106) 4.6 (0.037) 4.4 (0.040) 6.0 (0.017)
Hypothesis B 1.8 (0.184) 5.7 (0.019) 0.6 (0.440) 1.2 (0.273)
Hypothesis C 6.6 (0.012) 21.2 (0.000) 4.6 (0.036) 9.3 (0.003)
Hypothesis D 3.4 (0.041) 14.0 (0.000) 2.8 (0.068) 4.7 (0.013)
Hypothesis E 0.7 (0.403) 1.3 (0.254)
Hypothesis F 0.0 (0.949) 0.0 (0.935)
Hypothesis G 0.8 (0.443) 2.7 (0.073)
Hypothesis J 4.4 (0.040) 1.3 (0.267) 4.4 (0.041) 1.3 (0.254)

Note: This table reports F-statistics, with associated p-values in parentheses.

Table V-G8: Panel D: Tobit: onzn to nysi: Hypothesis test results

(VII) OIM se (VII) HW se (VIII) OIM se (VIII) HW se
Hypothesis A 0.2 (0.630) 0.2 (0.626) 0.4 (0.511) 0.5 (0.462)
Hypothesis B 0.2 (0.622) 0.4 (0.513) 0.7 (0.401) 1.2 (0.274)
Hypothesis C 15.6 (0.000) 27.5 (0.000) 6.0 (0.018) 10.2 (0.002)
Hypothesis D 7.9 (0.001) 17.6 (0.000) 3.0 (0.059) 5.2 (0.009)
Hypothesis E 2.0 (0.162) 2.5 (0.122)
Hypothesis F 0.4 (0.529) 0.7 (0.414)
Hypothesis G 1.0 (0.365) 1.2 (0.298)
Hypothesis J 0.2 (0.635) 0.1 (0.790) 0.1 (0.764) 0.0 (0.864)

Note: This table reports F-statistics, with associated p-values in  parentheses.

Table V-G9: Panel A: Tobit: All paths jointly: Hypothesis test results

(I) (II) (III) (IV)
Hypothesis A 17.6 (0.002) 15.5 (0.004) 19.1 (0.001) 13.3 (0.010)
Hypothesis B 77.5 (0.000) 18.0 (0.001) 26.4 (0.000) 8.6 (0.071)
Hypothesis C 27.0 (0.000) 4.3 (0.373) 44.8 (0.000) 12.2 (0.016)
Hypothesis D 57.0 (0.000) 24.9 (0.002) 58.2 (0.000) 21.6 (0.006)
Hypothesis E 27.9 (0.000) 16.2 (0.003)
Hypothesis F 7.7 (0.104) 4.4 (0.351)
Hypothesis G 120.9 (0.000) 27.5 (0.001)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-G9: Panel B: Tobit: All paths jointly: Hypothesis test results

(V) (VI) (VII) (VIII)
Hypothesis A 15.0 (0.005) 9.6 (0.047) 11.1 (0.025) 13.4 (0.009)
Hypothesis B 38.5 (0.000) 5.8 (0.218) 18.9 (0.001) 13.3 (0.010)
Hypothesis C 27.0 (0.000) 9.8 (0.043) 60.1 (0.000) 20.7 (0.000)
Hypothesis D 57.0 (0.000) 22.3 (0.004) 82.6 (0.000) 26.6 (0.001)
Hypothesis E 4.2 (0.381) 20.8 (0.000)
Hypothesis F 3.3 (0.516) 31.5 (0.000)
Hypothesis G 18.0 (0.022) 31.7 (0.000)
Hypothesis J 14.5 (0.006) 12.0 (0.019) 4.1 (0.389) 0.9 (0.919)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-G10: Panel A: 90% confidence intervals for MCP: misi to onzn

Model
OIM OIM OIM HW HW HW

Lower Point Upper Lower Point Upper
(I) 1.377 1.924 2.471 1.123 1.924 2.724
(II) 0.757 1.406 2.054 0.468 1.406 2.344
(III) 0.431 1.105 1.779 0.391 1.105 1.819
(IV) -0.056 0.686 1.428 -0.095 0.686 1.467
(V) 1.109 1.661 2.213 0.838 1.661 2.484
(VI) 0.101 0.802 1.502 -0.141 0.802 1.745
(VII) 0.330 1.070 1.809 0.256 1.070 1.884
(VIII) -1.663 -0.705 0.253 -1.568 -0.705 0.158

Table V-G10: Panel B: 90% confidence intervals for MCP: nysi to onzn

Model
OIM OIM OIM HW HW HW

Lower Point Upper Lower Point Upper
(I) -1.940 1.033 4.006 -0.084 1.033 2.949
(II) -0.836 2.350 5.537 0.098 2.350 4.602
(III) -5.499 -2.457 0.585 -5.114 -2.457 0.200
(IV) -4.314 -1.179 1.956 -4.037 -1.179 1.679
(V) -2.669 -0.053 2.564 -2.243 -0.053 2.137
(VI) -1.080 2.552 6.184 -0.816 2.552 5.919
(VII) -4.022 -0.615 2.792 -3.544 -0.615 2.315
(VIII) -9.530 -2.467 4.596 -7.889 -2.467 2.955
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Table V-G10: Panel C: 90% confidence intervals for M C P : onzn to misi

Model
OIM OIM OIM HW HW HW

Lower Point Upper Lower Point Upper
(I) 0.400 0.619 0.837 0.400 0.619 0.837
(II) -0.131 0.658 1.447 -0.131 0.658 1.447
(III) 0.277 0.527 0.777 0.342 0.527 0.713
(IV) -0.023 0.838 1.700 0.177 0.838 1.500
(V) 0.359 0.688 1.017 0.457 0.688 0.919
(VI) -0.169 0.696 1.561 -0.070 0.696 1.461
(VII) 0.011 0.374 0.737 0.204 0.374 0.545
(VIII) 0.238 1.361 2.483 0.666 1.361 2.056

Table V-G10: Panel D: 90% confidence intervals for MCP: onzn to nysi

Model
OIM OIM OIM HW HW HW

Lower Point Upper Lower Point Upper
(I) 0.351 0.710 1.068 0.351 0.710 1.068
(II) 0.118 0.616 1.113 0.118 0.616 1.113
(III) -0.115 0.232 0.569 -0.079 0.232 0.543
(IV) -0.153 0.316 0.785 -0.052 0.316 0.685
(V) -0.084 0.343 0.769 0.104 0.343 0.581
(VI) -0.305 0.266 0.837 -0.136 0.266 0.668
(VII) -0.265 0.112 0.488 -0.172 0.112 0.395
(VIII) -0.251 0.257 0.765 -0.133 0.257 0.647
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Appendix V-H: Estimation results for path-by-path, two-stage analysis with ST FTR data

Table V-Hl: Panel A: First-stage: misi to onzn: Probit estimates

Coefficient
Global 0.0046

adjustment (0.0010)****
MacKinnon R2 0.228
McK.-Zav. R2 0.393
Cragg-Uhl. R2 0.355
Cox-Snell R2 0.262

AIC 92.449
BIC 97.358

Linktest -0.412
Overall Chi2 26.078 (0.000)

N 86
Note: Standard error of the coefficient estimate associated with global adjustment is 
unadjusted. For Linktest, the reported value is the t-statistic associated with the squared 
term. P-value associated with chi-square statistic is reported in parentheses.
* p<0.1, ** p<0.05, *** pcO.Ol, **** p<0.001

Table V-Hl: Panel B: First-stage: nysi to onzn: Probit estimates

Coefficient

GAM 0.0035
(0.0012)***

MacKinnon R2 0.116
McK.-Zav. R2 0.271
Cragg-Uhl. R2 0.182
Cox-Snell R2 0.123

AIC 90.471
BIC 95.380

Linktest -0.083
Overall Chi2 11.334 (0.001)

N 86
Note: Standard error of the coefficient estimate associated with GAM is unadjusted. For 
Linktest, the reported value is the t-statistic associated with the squared term. P-value 
associated with chi-square statistic is reported in parentheses.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

400



Table V-Hl: Panel C: First-stage: onzn to misi: Probit estimates

Coefficient
PD3-HOEP -0.1180
Difference (0.0296)****

MacKinnon R2 0.183
McK.-Zav. R2 0.352
Cragg-Uhl. R2 0.291
Cox-Snell R2 0.212

AIC 95.908
BIC 100.817

Linktest 0.705
Overall Chi2 20.526 (0.000)

N 86
Note: Standard error of the coefficient estimate associated with PD3-HOEP difference is 
unadjusted. For Linktest, the reported value is the t-statistic associated with the 
squared term. P-value associated with chi-square statistic is reported in parentheses.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-Hl: Panel D: First-stage: onzn to nysi: Probit estimates

Coefficient
HDD PosDev -0.0083

Detroit (0.0045)*
MacKinnon R2 0.062
McK.-Zav. R2 0.123
Cragg-Uhl. R2 0.084
Cox-Snell R2 0.041

AIC 58.059
BIC 62.968

Linktest -1.120
Overall Chi2 3.593 (0.058)

N 86
Note: Standard error of the coefficient estimate associated with HDD PosDev Detroit is 
unadjusted. For Linktest, the reported value is the t-statistic associated with the 
squared term. P-value associated with chi-square statistic is reported in parentheses.
* p<0.1, ** pcO.05, *** p<0.01, **** p<0.001
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Table V-H2: Consistency test of first-stage probit estimates

misi to onzn nysi to onzn onzn to misi onzn to nysi
Observed 0.384 0.744 0.360 0.105
Predicted 0.383 0.743 0.363 0.104

Table V-H3: Panel A: Second-stage: misi to onzn: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
0.694 0.694 0.039 0.039

(0.314)** (0.436) (0.362) (0.424)
Inverse Mills 1046.062 1046.062 1234.514 1234.514

ratio (395.007)*** (553.211)* (382.448)*** (566.648)**

1 / t
-4924.309 -4924.309

(2084.264)** (3070.782)

MCP/ t
9.550

(3.056)***
9.550

(5.804)

Constant -860.623 -860.623 -884.078 -884.078
(372.136)** (465.044)* (352.466)** (483.265)*

R-square 0.353 0.437
Adj. R-square 0.335 0.404

AIC 1266.608 1260.386
BIC 1273.520 1271.907

Root MSE 1235.681 1169.812
Overall F-stat 19.385 (0.000) 7.185 (0.001) 13.370 (0.000) 5.179 (0.001)

N 74 74 74 74
Condition No. 6.97 8.54

Mean VIF 1.94 3.56
BP, standard 0.000 0.000

BP, N*R2 0.004 0.000
BP, F-stat 0.004 0.000

White's test 0.032 0.000
DW test 1.20 1.31

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 3.69 2.52 4.40 3.56

RESET test 0.001 0.000
Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the
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appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V-H3: Panel B: Second-stage: misi to onzn: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
0.478 0.478 -0.147 -0.147

(0.349) (0.461) (0.388) (0.437)
HDD PosDev -1.721 -1.721 -0.729 -0.729

onzn (1.533) (1.394) (1.498) (1.167)
HDD NegDev 6.214 6.214 2.803 2.803

onzn (6.390) (3.769) (6.125) (5.484)
CDD PosDev -25.921 -25.921 -29.825 -29.825

onzn (13.560)* (17.896) (12.826)** (15.486)*
CDD NegDev -51.865 -51.865 -53.355 -53.355

onzn (22.727)** (21.045)** (21.480)** (21.175)**
HDD PosDev 9.208 9.208 3.942 3.942

misi (6.078) (14.230) (5.996) (9.658)
HDD NegDev -12.048 -12.048 -7.260 -7.260

misi (9.013) (5.114)** (8.624) (6.749)
CDD PosDev 46.765 46.765 50.885 50.885

misi (17.508)*** (19.892)** (16.610)*** (18.619)***
CDD NegDev 34.788 34.788 43.157 43.157

misi (23.647) (20.626)* (22.422)* (19.950)**
Natural gas 2756.108 2756.108 1923.722 1923.722

price (1207.894)** (1146.916)** (1168.979) (1302.834)
Natural gas 30710.586 30710.586 25964.961 25964.961

capacity ratio (14092.072)** (11236.980)*** (13371.640)* (13028.821)*
NG price * NG -6159.917 -6159.917 -4117.399 -4117.399
capacity ratio (2639.903)** (2506.837)** (2576.946) (2904.283)

Risk-free
-267.270 -267.270 -193.209 -193.209

(146.143)* (111.651)** (142.267) (126.692)
Inverse Mills 1702.234 1702.234 1997.297 1997.297

ratio (738.234)** (1232.351) (708.663)*** (1055.709)*
1 / t -4129.128 -4129.128
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(1930.673)** (2835.398)

MCP/ t
9.704

(3.174)***
9.704

(6.405)

Constant
-13807.253

(6544.048)**
-13807.253

(6254.812)**
R-square 0.591 0.650

Adj. R-square 0.494 0.551
AIC 1256.729 1249.221
BIC 1291.290 1288.390

Root MSE 1078.186 1014.875
Overall F-stat 6.084 (0.000) 2.900 (0.002) 6.608 (0.000) 3.816 (0.000)

N 74 74 74 74
Condition No. 330.20 347.34

Mean VIF 46.98 44.29
BP, standard 0.000 0.000

BP, N*R2 0.002 0.000
BP, F-stat 0.002 0.000

White's test 0.445 0.445
DW test 1.78 2.01

Skew-kurt test 0.000 0.000 0.002 0.002
Linktest 5.58 6.83 6.73 5.40

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl
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Table V-H3: Panel C: Second-stage: misi to onzn: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
0.597 0.597 -0.801 -0.801

(0.325)* (0.432) (0.383)** (0.506)

Lag of Profit
0.358

(0.115)***
0.358

(0.148)**
0.326

(0.097)***
0.326

(0.161)**
Inverse Mills 949.904 949.904 1518.509 1518.509

ratio (412.950)** (494.710)* (366.550)**** (557.119)***

1 / t -30646.384 -30646.384
(6895.084)**** (12156.732)**

M CP/ t 30.995
(6.216)****

30.995
(11.597)***

Constant
-709.349

(387.516)*
-709.349

(391.487)*
-458.640
(335.379)

-458.640
(390.823)

R-square 0.450 0.621
Adj. R-square 0.423 0.590

AIC 1127.771 1107.051
BIC 1136.530 1120.189

Root MSE 1206.450 1016.944
Overall F-stat 16.877 (0.000) 11.428 (0.000) 19.704 (0.000) 11.500 (0.000)

N 66 66 66 66
Condition No. 7.20 15.35

Mean VIF 1.72 9.79
BP, standard 0.000 0.000

BP, N*R2 0.080 0.000
BP, F-stat 0.082 0.000

White's test 0.615 0.000
Skew-kurt test 0.000 0.000 0.003 0.003

Linktest 1.41 1.18 3.60 3.89
RESET test 0.021 0.000

Note: Point estimates from OLS and Newey-West estimation approaches are the same, 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated with the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** pO.Ol, **** p<0.001
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Table V-H3: Panel D: Second-stage: misi to onzn: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.540 0.540 -1.275 -1.275

(0.373) (0.468) (0.469)*** (0.591)**
HDD PosDev -1.526 -1.526 -1.118 -1.118

onzn (1.567) (1.333) (1.330) (1.131)
HDD NegDev 2.379 2.379 2.264 2.264

onzn (6.789) (4.073) (5.669) (4.748)
CDD PosDev -29.742 -29.742 -30.146 -30.146

onzn (14.468)** (18.175) (11.893)** (16.275)*
CDD NegDev -22.174 -22.174 -56.624 -56.624

onzn (26.992) (19.718) (23.229)** (28.786)*
HDD PosDev 16.625 16.625 1.521 1.521

misi (6.978)** (16.837) (6.460) (6.986)
HDD NegDev -5.003 -5.003 -2.842 -2.842

misi (9.868) (6.227) (8.144) (7.360)
CDD PosDev 44.628 44.628 48.205 48.205

misi (18.966)** (20.990)** (15.712)*** (19.264)**
CDD NegDev 15.749 15.749 46.533 46.533

misi (26.088) (16.688) (22.271)** (21.894)**
Natural gas 1404.259 1404.259 2635.572 2635.572

price (1431.854) (1241.566) (1232.119)** (1582.468)
Natural gas 18372.512 18372.512 28189.625 28189.625

capacity ratio (15858.566) (11388.158) (13235.624)** (14584.072)*
NG price * NG -3512.851 -3512.851 -5861.887 -5861.887
capacity ratio (3050.482) (2631.763) (2651.139)** (3400.750)*

Risk-free
-245.663
(165.582)

-245.663
(133.032)*

-234.701
(138.249)*

-234.701
(140.614)

Lag of Profit
0.257

(0.128)*
0.257

(0.133)*
0.137

(0.108)
0.137

(0.167)
Inverse Mills 1972.263 1972.263 2416.188 2416.188

ratio (862.339)** (1216.242) (716.497)*** (971.166)**

1 / t
-34786.751 -34786.751

(7645.645)**** (11527.284)***

MCP/ t
33.620

(6.683)****
33.620

(10.862)***

Constant
-8744.794 -8744.794 -13668.739 -13668.739
(7826.979) (5559.866) (6503.952)** (6896.542)**
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R-square 0.641 0.767
Adj. R-square 0.533 0.685

AIC 1123.589 1098.953
BIC 1158.623 1138.367

Root MSE 1085.167 891.554
Overall F-stat 5.948 (0.000) 4.860 (0.000) 9.309 (0.000) 7.461 (0.000)

N 66 66 66 66
Condition No. 359.23 347.34

Mean VIF 50.98 44.29
BP, standard 0.000 0.000

BP, N*R2 0.002 0.000
BP, F-stat 0.002 0.000

White's test 0.442 0.442
Skew-kurt test 0.000 0.000 0.729 0.729

Linktest 4.48 6.76 6.48 5.21
RESET test 0.000 0.000

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated with the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-H4: Panel A: Second-stage: misi to onzn: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 5.3 (0.024) 3.4 (0.068) 6.3 (0.014) 3.3 (0.072)
Hypothesis B 4.9 (0.031) 2.5 (0.116) 0.0 (0.915) 0.0 (0.927)
Hypothesis C 0.9 (0.333) 0.5 (0.485) 7.0 (0.010) 5.1 (0.026)
Hypothesis D 2.7 (0.074) 1.7 (0.188) 5.2 (0.008) 3.8 (0.028)
Hypothesis E 5.6 (0.021) 2.6 (0.113)
Hypothesis F 9.8 (0.003) 2.7 (0.104)
Hypothesis G 5.1 (0.009) 1.4 (0.265)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-H4: Panel B: Second-stage: misi to onzn: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 4.8 (0.033) 7.4 (0.009) 4.5 (0.039) 4.9 (0.031)
Hypothesis B 1.9 (0.175) 1.1 (0.304) 0.1 (0.706) 0.1 (0.738)
Hypothesis C 2.2 (0.140) 1.3 (0.262) 8.8 (0.004) 6.9 (0.011)
Hypothesis D 2.7 (0.077) 3.8 (0.027) 5.4 (0.007) 4.7 (0.013)
Hypothesis E 4.6 (0.037) 2.1 (0.151)
Hypothesis F 9.3 (0.003) 2.3 (0.135)
Hypothesis G 4.8 (0.012) 1.2 (0.323)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H4: Panel C: Second-stage: misi to onzn: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 3.4 (0.072) 3.3 (0.075) 1.9 (0.177) 1.4 (0.245)
Hypothesis B 3.4 (0.071) 1.9 (0.172) 4.4 (0.041) 2.5 (0.119)
Hypothesis C 1.5 (0.219) 0.9 (0.355) 22.1 (0.000) 12.6 (0.001)
Hypothesis D 1.9 (0.154) 1.7 (0.195) 11.4 (0.000) 6.6 (0.003)
Hypothesis E 19.8 (0.000) 6.4 (0.014)
Hypothesis F 24.5 (0.000) 7.1 (0.010)
Hypothesis G 13.6 (0.000) 4.2 (0.019)
Hypothesis J 9.8 (0.003) 5.8 (0.019) 11.2 (0.001) 4.1 (0.047)

Note: This table reports F-statistics, w ith associated p-values in  parentheses.

Table V-H4: Panel D: Second-stage: misi to onzn: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 1.2 (0.269) 2.5 (0.122) 4.4 (0.041) 3.9 (0.053)
Hypothesis B 2.1 (0.154) 1.3 (0.254) 7.9 (0.009) 4.7 (0.036)
Hypothesis C 1.5 (0.223) 1.0 (0.330) 23.5 (0.000) 14.8 (0.000)
Hypothesis D 1.0 (0365) 1.3 (0.279) 11.9 (0.000) 7.5 (0.002)
Hypothesis E 20.7 (0.000) 9.1 (0.004)
Hypothesis F 25.3 (0.000) 9.6 (0.003)
Hypothesis G 13.0 (0.000) 4.8 (0.013)
Hypothesis J 4.0 (0.050) 3.8 (0.058) 1.6 (0.214) 0.7 (0.416)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

408



Table V-H5: Panel A: Second-stage: nysi to onzn: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
-1.007 -1.007 -0.726 -0.726

(0.580)* (0.580)* (0.617) (0.720)
Inverse Mills 1517.868 1517.868 1213.501 1213.501

ratio (391.607)**** (845.776)* (326.884)**** (931.267)

1 / t
5194.037 5194.037

(961.930)*** (679.450)****

M C P/ t
-10.207

(3.786)***
-10.207

(2.039)****

Constant
-351.529 -351.529 -424.829 -424.829

(184.598)* (250.965) (152.060)*** (266.860)
R-square 0.173 0.461

Adj. R-square 0.150 0.431
AIC 1207.715 1179.585
BIC 1214.667 1191.172

Root MSE 744.643 609.593
Overall F-stat 7.553 (0.001) 1.636 (0.202) 14.994 (0.000) 34.938 (0.000)

N 75 75 75 75
Condition No. 4.75 5.92

Mean VIF 1.17 2.72
BP, standard 0.000 0.000

BP, N*R2 0.004 0.082
BP, F-stat 0.004 0.084

White's test 0.005 0.000
DW test 1.24 1.36

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 3.98 2.16 1.68 0.94

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-W est standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-H5: Panel B: Second-stage: nysi to onzn: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP -0.441 -0.441 -0.043 -0.043
(0.964) (0.520) (0.700) (0.485)

HDD PosDev -0.568 -0.568 0.130 0.130
onzn (0.995) (0.689) (0.785) (0.260)

HDD NegDev -1.520 -1.520 -1.927 -1.927
onzn (4.343) (3.110) (3.793) (2.923)

CDD PosDev -3.296 -3.296 -0.335 -0.335
onzn (6.440) (6.321) (4.994) (5.870)

CDD NegDev -1.405 -1.405 2.767 2.767
onzn (9.601) (5.462) (7.467) (3.161)

HDD PosDev -5.883 -5.883 -2.385 -2.385
misi (4.317) (4.130) (3.635) (3.409)

HDD NegDev 5.068 5.068 5.232 5.232
misi (6.502) (4.872) (5.509) (4.470)

CDD PosDev 6.083 6.083 7.510 7.510
misi (7.796) (7.531) (6.022) (6.789)

CDD NegDev 1.785 1.785 3.677 3.677
misi (8.788) (3.079) (6.786) (2.437)

Natural gas -1028.972 -1028.972 -983.206 -983.206
price (746.826) (849.772) (598.819) (654.684)

Natural gas -9848.419 -9848.419 -5645.963 -5645.963
capacity ratio (8719.557) (9925.152) (6959.992) (6959.992)

NG price * NG 1755.715 1755.715 1903.744 1903.744
capacity ratio (1614.866) (1649.005) (1315.329) (1236.800)

Risk-free
-182.611

(107.740)*
-182.611
(115.602)

-85.716
(85.773)

-85.716
(77.532)

Inverse Mills 3315.292 3315.292 2826.059 2826.059
ratio (876.708)**** (1677.505)* (680.872)**** (1736.799)

1 / t
5368.705 5368.705

(945.708)**** (560.981)****

MCP/ t -8.626
(4.373)*

-8.626
(2.687)***

Constant
5366.785 5366.785 2316.289 2316.289

(4272.199) (5289.758) (3395.641) (2907.854)
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R-square 0.373 0.639
Adj. R-square 0.227 0.540

AIC 1210.987 1173.521
BIC 1245.749 1212.918

Root MSE 710.437 548.064
Overall F-stat 2.550 (0.006) 0.614 (0.843) 6.425 (0.000) 125.717 (0.000)

N 75 75 75 75
Condition No. 303.20 323.86

Mean VIF 40.75 39.65
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.446 0.446
DW test 1.57 1.92

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 6.00 5.80 2.49 1.44

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-West estimation approaches are the same, 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated with the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-H5: Panel C: Second-stage: nysi to onzn: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
-0.975 -0.975 -0.895 -0.895

(0.513)* (0.630) (0.830) (0.881)

Lag of Profit
0.159

(0.089)
0.159

(0.099)
0.173

(0.103)*
0.173

(0.115)
Inverse M ills 1265.068 1265.068 1357.025 1357.025

ratio (347.248)**** (819.597) (414.806)*** (923.809)

1 / t
-3730.818 -3730.818
(4262.608) (2942.848)

MCP/ t
6.085

(9.651)
6.085

(6.495)

Constant
-307.036

(159.611)*
-307.036
(241.402)

-254.222
(168.383)

-254.222
(218.480)

R-square 0.274 0.288
Adj. R-square 0.240 0.231

AIC 1065.328 1068.008
BIC 1074.206 1081.325

Root MSE 593.384 597.057
Overall F-stat 8.060 (0.000) 1.422 (0.245) 5.019 (0.001) 0.884 (0.497)

N 68 68 68 68
Condition No. 5.12 15.27

Mean VIF 1.23 10.71
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.000 0.000
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest 2.40 1.32 1.86 1.09
RESET test 0.000 0.000

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated with the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-H5: Panel D: Second-stage: nysi to onzn: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
-0.482 -0.482 -1.017 -1.017
(0.606) (0.434) (1.112) (1.101)

HDD PosDev 0.160 0.160 0.272 0.272
onzn (0.791) (0.222) (0.835) (0.399)

HDD NegDev -1.128 -1.128 -1.598 -1.598
onzn (3.771) (2.581) (4.046) (3.020)

CDD PosDev -1.994 -1.994 -2.886 -2.886
onzn (5.689) (8.165) (6.062) (9.698)

CDD NegDev 4.452 4.452 4.276 4.276
onzn (9.110) (3.963) (9.403) (4.598)

HDD PosDev -1.564 -1.564 -3.157 -3.157
misi (3.606) (2.556) (4.583) (4.194)

HDD NegDev 5.134 5.134 5.669 5.669
misi (5.555) (3.920) (5.965) (5.104)

CDD PosDev 3.103 3.103 4.328 4.328
misi (6.985) (6.947) (7.530) (8.678)

CDD NegDev 2.377 2.377 3.068 3.068
misi (8.014) (2.913) (8.267) (3.996)

Natural gas -976.490 -976.490 -973.718 -973.718
price (663.530) (806.402) (798.024) (1049.959)

Natural gas -6018.118 -6018.118 -6030.062 -6030.062
capacity ratio (7543.997) (5875.113) (8089.178) (7209.173)

NG price * NG 1691.649 1691.649 1721.543 1721.543
capacity ratio (1426.731) (1428.996) (1751.757) (2038.260)

Risk-free
-126.913
(89.852)

-126.913
(77.255)

-138.838
(95.124)

-138.838
(85.963)

Lag of Profit
0.030

(0.106)
0.030

(0.138)
-0.023
(0.143)

-0.023
(0.234)

Inverse Mills 3651.663 3651.663 3806.967 3806.967
ratio (890.755)**** (2503.612) (944.480)**** (2766.577)

1 / t
-1719.648 -1719.648
(6465.815) (3676.827)

MCP/ t
5.849

(13.404)
5.849

(8.253)

Constant
3011.066 3011.066 2958.908 2958.908

(3702.546) (3040.086) (3847.667) (3388.364

413



R-square 0.488 0.492
Adj. R-square 0.341 0.320

AIC 1065.538 1069.040
BIC 1101.050 1108.991

Root MSE 552.658 561.541
Overall F-stat 3.310 (0.001) 0.562 (0.890) 2.851 (0.002) 0.503 (0.939)

N 68 68 68 68
Condition No. 326.86 323.86

Mean VIF 43.12 39.65
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.443 0.443
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest 8.83 5.18 9.92 6.36
RESET test 0.000 0.000

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-W est standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-H6: Panel A: Second-stage: nysi to onzn: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 3.6 (0.061) 2.0 (0.166) 7.8 (0.007) 2.5 (0.116)
Hypothesis B 3.0 (0.087) 3.0 (0.087) 1.4 (0.243) 1.0 (0.317)
Hypothesis C 12.0 (0.001) 12.0 (0.001) 7.8 (0.007) 5.7 (0.019)
Hypothesis D 8.3 (0.001) 8.4 (0.001) 8.8 (0.000) 3.0 (0.058)
Hypothesis E 29.2 (0.009) 58.4 (0.000)
Hypothesis F 7.3 (0.009) 25.1 (0.000)
Hypothesis G 18.7 (0.000) 43.1 (0.000)

Note: This table reports F-statistics, with associated p-values in parentheses.
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Table V-H6: Panel B: Second-stage: nysi to onzn: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 1.6 (0.214) 1.0 (0.314) 0.5 (0.498) 0.6 (0.429)
Hypothesis B 0.4 (0.527) 0.7 (0.400) 0.0 (0.951) 0.0 (0.929)
Hypothesis C 4.3 (0.042) 7.7 (0.007) 2.2 (0.142) 4.6 (0.036)
Hypothesis D 3.2 (0.047) 4.0 (0.023) 1.3 (0.287) 2.5 (0.093)
Hypothesis E 32.2 (0.000) 91.6 (0.000)
Hypothesis F 3.9 (0.053) 10.3 (0.002)
Hypothesis G 21.4 (0.000) 85.8 (0.000)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H6: Panel C: Second-stage: nysi to onzn: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 3.7 (0.059) 1 . 6  (0.208) 2.3 (0.136) 1.4 (0.249)
Hypothesis B 3.6 (0.062) 2.4 (0.126) 1.2 (0.285) 1.0 (0.313)
Hypothesis C 14.8 (0.000) 9.8 (0.003) 5.2 (0.026) 4.6 (0.035)
Hypothesis D 9.5 (0.000) 7.6 (0.001) 4.0 (0.023) 2.5 (0.092)
Hypothesis E 0.8 (0.385) 1 . 6  (0 .2 1 0 )
Hypothesis F 0.4 (0.531) 0.9 (0.352)
Hypothesis G 0.6 (0.548) 1.2 (0.304)
Hypothesis J 3.2 (0.080) 2.6 (0.115) 2.8 (0.098) 2.3 (0.137)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H6: Panel D: Second-stage: nysi to onzn: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 0.7 (0.420) 1.0 (0.327) 0.6 (0.446) 0.8 (0.387)
Hypothesis B 0.6 (0.430) 1.2 (0.272) 0.8 (0.365) 0.9 (0.360)
H ypothesis C 6 . 0  (0.018) 1 1 . 6  (0 .0 0 1 ) 3.3 (0.076) 3.4 (0.073)
H ypothesis D 3.7 (0.031) 5.8 (0.005) 2 . 2  (0 .1 2 1 ) 1.7 (0.073)
Hypothesis E 0.1 (0.791) 0.2 (0.642)
Hypothesis F 0.2 (0.664) 0.2 (0.482)
H ypothesis G 0.2 (0.833) 0.3 (0.773)
Hypothesis J 0.1 (0.781) 0.0 (0.831) 0.0 (0.875) 0.0 (0.924)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-H7: Panel A: Second-stage: onzn to misi: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
0.476

(0.099)****
0.476

(0.056)****
0.739

(0.297)**
0.739

(0.129)****
Inverse M ills 

ratio
110.519

(191.831)
110.519

(118.560)
54.666

(201.638)
54.666

(126.173)

1 / t -463.444
(737.279)

-463.444
(313.779)

M C P / t -15.625
(16.393)

-15.625
(6.336)**

Constant
110.263

(222.983)
110.263

(135.848)
222.355

(252.127)
222.355

(176.301)
R-square 0.273 0.289

Adj. R-square 0.253 0.247
AIC 1200.513 1202.937
BIC 1207.425 1214.458

Root MSE 790.596 793.480
Overall F-stat 13.359 (0.000) 42.388 (0.000) 7.002 (0.000) 23.873 (0.000)

N 74 74 74 74
Condition No. 5.03 8 . 0 0

M ean VIF 1.07 5.33
BP, standard 0.933 0.653

BP, N*R2 0.978 0.883
BP, F-stat 0.978 0.885

W hite's test 0.927 0.970
DW test 1.46 1.49

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest -0.18 -0 . 2 0 -0.03 -0.03
RESET test 0.901 0.687

Note: Point estimates from OLS and Newey-West estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-H7: Panel B: Second-stage: onzn to misi: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
0.458 0.458 0.638 0.638

(0.115)**** (0.088)**** (0.387) (0.167)****
HDD PosDev -0.313 -0.313 -0.632 -0.632

onzn (1.099) (0.760) (1.145) (0.874)
HDD NegDev 1.682 1.682 2.003 2.003

onzn (4.715) (8.272) (4.771) (8.297)
CDD PosDev 6.450 6.450 6.961 6.961

onzn (9.861) (5.224) (4.771) (5.095)
CDD NegDev 0.587 0.587 1.999 1.999

onzn (17.273) (13.620) (18.160) (13.123)
HDD PosDev -4.437 -4.437 -4.586 -4.586

m isi (4.604) (4.848) (4.651) (5.015)
HDD NegDev -2.563 -2.563 -2.742 -2.742

m isi (6.626) (7.480) (6.703) (7.466)
CDD PosDev -17.323 -17.323 -18.509 -18.509

m isi (13.343) (5.430)*** (13.663) (6.631)***
CDD NegDev 8.510 8.510 6.982 6.982

m isi (17.473) (18.170) (17.653) (18.084)
N atural gas -1766.685 -1766.685 -1666.752 -1666.752

price (876.979)** (1100.574) (894.770)* (1121.494)
N atural gas -17408.150 -17408.150 -17998.722 -17998.722

capacity ratio (10048.928)* (12361.014) (10148.891)* (13166.401)
NG price * NG 3856.419 3856.419 3571.713 3571.713
capacity ratio (1939.820)* (2383.865) (1980.179)* (2407.578)

Risk-free
-160.609
(110.617)

-160.609
(139.442)

-187.366
(114.205)

-187.366
(151.431)

Inverse M ills -629.583 -629.583 -632.509 -632.509
ratio (355.612)* (293.632)** (382.533) (339.217)*

1 / t
-933.861 -933.861
(923.527) (814.855)

M C P / t
-10.812
(23.129)

-10.812
(9.071)

Constant
9639.226 9639.226 10244.073 10244.073

(4980.715)* (6662.977) (5082.514)** (7216.242)
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R-square 0.393 0.406
Adj. R-square 0.249 0.239

AIC 1 2 1 1 . 2 1 1 1213.616
BIC 1245.772 1252.785

Root MSE 792.728 797.873
Overall F-stat 2.728 (0.004) 11.743 (0.000) 2.434 (0.007) 12.104 (0.000)

N 74 74 74 74
Condition No. ^  314.18 325.34

Mean VIF 45.68 43.23
BP, standard 0 . 0 0 1 0 . 0 0 0

BP, N*R2 0.279 0.190
BP, F-stat 0.285 0.195

W hite's test 0.441 0.445
DW test 1.62 1.67

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 0.99 0.99 1.06 1.04
RESET test 0.263 0.182

Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-H7: Panel C: Second-stage: onzn to misi: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
0.452

(0.146)***
0.452

(0.093)****
0.677

(0.328)**
0.677

(0.130)****

Lag of Profit
0.138

(0.136)
0.138

(0.128)
0.114

(0.139)
0.114

(0.130)
Inverse M ills 

ratio
163.122

(209.545)
163.122

(119.835)
68.349

(239.690)
68.349

(146.701)

1 / t
-1050.379
(1543.312)

-1050.379
(836.701)

M C P / t
-13.983
(17.641)

-13.983
(5.584)**

Constant
46.708

(240.703)
46.708

(133.858)
256.789

(317.340)
256.789

(234.954)
R-square 0.165 0.184

Adj. R-square 0.125 0.116
AIC 1078.844 1081.372
BIC 1087.603 1094.510

Root MSE 832.788 837.166
Overall F-stat 4.095 (0.010) 24.932 (0.000) 2.702 (0.029) 14.720 (0.000)

N 6 6 6 6 6 6 6 6

Condition No. 5.03 8 . 0 0

M ean VIF 1.07 5.33
BP, standard 0.802 0.586

BP, N*R2 0.922 0.854
BP, F-stat 0.934 0.857

W hite's test 0.980
Skew -kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 0 . 0 2 0.03 0.13 0.27
RESET test 0.809 0.755

Note: Point estimates from OLS and Newey-West estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-norm alised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pO.OOl
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Table V-H7: Panel D: Second-stage: onzn to misi: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.294 0.294 0.699 0.699

(0.174)* (0.137)** (0.491) (0.259)***
HDD PosDev -0.447 -0.447 -1.140 -1.140

onzn (1.168) (0.873) (1.223) (1.016)
HDD NegDev 0.050 0.050 1.704 1.704

onzn (5.167) (9.577) (5.206) (9.498)
CDD PosDev 4.327 4.327 6.457 6.457

onzn (10.884) (6.246) (10.984) (6.741)
CDD NegDev 9.472 9.472 23.445 23.445

onzn (21.184) (16.081) (27.157) (12.712)*
HDD PosDev -2.893 -2.893 -2.480 -2.480

misi (5.494) (4.626) (5.446) (4.510)
HDD NegDev -0.363 -0.363 -2.051 -2.051

m isi (7.503) (9.114) (7.536) (9.035)
CDD PosDev -17.430 -17.430 -20.643 -20.643

m isi (15.199) (7.232)** (15.507) (10.187)**
CDD NegDev 2.612 2.612 -6.673 -6.673

m isi (19.943) (19.989) (21.448) (17.903)
Natural gas -2464.782 -2464.782 -1789.980 -1789.980

price (1003.803)** (1363.339)* (1075.182) (1328.595)
Natural gas -24708.515 -24708.515 -20665.561 -20665.561

capacity ratio (11466.225)** (15108.329) (11613.589)* (15244.385)
NG price * NG 5343.397 5343.397 3710.522 3710.522
capacity ratio (2207.802)** (2946.203)* (2388.667) (2886.609)

Risk-free
-231.387 -231.387 -280.418 -280.418

(126.697)* (177.423) (129.560)** (184.698)

Lag of Profit
-0.007
(0.154)

-0.007
(0.123)

-0.053
(0.155)

-0.053
(0.138)

Inverse M ills -703.808 -703.808 -786.120 -786.120
ratio (407.653)* (368.355)* (468.939) (514.551)

1 / t
-3282.184 -3282.184
(2157.490) (2492.512)

M C P / t -28.728
(33.245)

-28.728
(12.807)**

Constant
13532.222 13532.222 12474.496 12474.496

(5713.957)** (8170.247) (5763.928)** (8288.325)
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R-square 0.333 0.373
Adj. R-square 0.132 0.151

AIC 1088.089 1087.997
BIC 1123.123 1127.411

Root MSE 829.273 820.541
Overall F-stat 1.661 (0.091) 7.022 (0.000) 1.678 (0.081) 10.131 (0.000)

N 6 6 6 6 6 6 6 6

Condition No. 314.18 325.34
M ean VIF 45.68 43.23

BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0.129 0.046
BP, F-stat 0.133 0.046

W hite's test 0.442
Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 1 . 0 0 1.30 1 . 0 1 1.04
RESET test 0.527 0 . 0 2 0

Note: Point estimates from OLS and Newey-W est estimation approaches are the same, 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, Mean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-H8: Panel A: Second-stage: onzn to misi: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
H ypothesis A 0 . 2  (0.622) 0.7 (0.420) 0.8 (0.381) 1 . 6  (0 .2 1 1 )
H ypothesis B 23.1 (0.000) 73.1 (0.000) 6.2 (0.015) 32.9 (0.000)
Hypothesis C 28.0 (0 .0 0 0 ) 8 8 . 8  (0 .0 0 0 ) 0.8 (0.383) 4.1 (0.047)
H ypothesis D 14.4 (0.000) 45.1 (0.000) 0.9 (0.420) 4.2 (0.018)
Hypothesis E 0.4 (0.532) 2.2 (0.144)
H ypothesis F 0.9 (0.344) 6 . 1  (0.016)
Hypothesis G 0.7 (0.480) 3.2 (0.046)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-H8: Panel B: Second-stage: onzn to misi: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 3.7 (0.058) 2.1 (0.153) 4.1 (0.049) 2 . 0  (0.161)
H ypothesis B 15.8 (0.000) 26.7 (0.000) 2.7 (0.105) 14.6 (0.000)
H ypothesis C 2 2 . 1  (0 .0 0 0 ) 37.6 (0.000) 0.9 (0.354) 4.7 (0.034)
Hypothesis D 1 1 . 8  (0 .0 0 0 ) 2 2 . 0  (0 .0 0 0 ) 2.3 (0.110) 2.4 (0.100)
H ypothesis E 1.0 (0.316) 1.3 (0.257)
Hypothesis F 0.2 (0.642) 1.4 (0.238)
H ypothesis G 0.6 (0.541) 1.5 (0.227)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H8: Panel C: Second-stage: onzn to misi: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
H ypothesis A 0.1 (0.751) 0.3 (0.569) 0.7 (0.422) 1.2 (0.279)
H ypothesis B 9.6 (0.003) 23.5 (0.000) 4.3 (0.043) 27.2 (0.000)
H ypothesis C 14.1 (0.000) 34.7 (0.000) 1.0 (0.329) 6 . 2  (0.016)
H ypothesis D 7.2 (0.002) 17.5 (0.000) 0.8 (0.329) 3.8 (0.027)
H ypothesis E 0.5 (0.499) 1.6 (0.214)
H ypothesis F 0.6 (0.431) 6.3 (0.015)
H ypothesis G 0.7 (0.512) 3.3 (0.046)
H ypothesis J 1.0 (0.316) 1 . 2  (0.286) 0.7 (0.413) 0.8 (0.381)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H8: Panel D: Second-stage: onzn to misi: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
H ypothesis A 5.6 (0.022) 2.7 (0.104) 4.7 (0.035) 2.3 (0.139)
H ypothesis B 2.9 (0.097) 4.6 (0.037) 2 . 0  (0.160) 7.3 (0.010)
H ypothesis C 16.6 (0 .0 0 0 ) 26.5 (0.000) 0.4 (0.543) 1.3 (0.252)
H ypothesis D 9.7 (0.000) 17.1 (0.000) 2.3 (0.107) 1.2 (0.324)
H ypothesis E 2.3 (0.135) 1.7 (0.030)
H ypothesis F 0.7 (0.392) 5.0 (0.030)
H ypothesis G 1.5 (0.226) 3.0 (0.059)
H ypothesis J 0.0 (0.962) 0.0 (0.952) 0.1 (0.736) 0.1 (0.705)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-H9: Panel A: Second-stage: onzn to nysi: Estimates and diagnostic tests

(I) OLS se (I) NW se (II) OLS se (II) NW se

MCP
0.643 0.643 0.708 0.708

(0.204)*** (0.142)**** (0.257)*** (0.151)****
Inverse M ills 449.418 449.418 461.426 461.426

ratio (640.493) (420.865) (648.665) (441.721)

1 / t
-296.793 -296.793

(1972.444) (899.610)

M C P / t
-5.111
(7.825)

-5.111
(4.745)

Constant
-326.303 -326.303 -211.708 -211.708

(1175.503) (816.757) (1201.253) (866.636)
R-square 0.132 0.145

Adj. R-square 0.107 0.095
AIC 1291.488 1294.396
BIC 1298.360 1305.848

Root MSE 1647.078 1658.670
Overall F-stat 5.329 (0.007) 12.569 (0.000) 2.884 (0.029) 11.199 (0.000)

N 73 73 73 73
Condition No. 13.76 16.16

Mean VIF 1 . 0 0 1.62
BP, standard 0.162 0 . 2 1 0

BP, N*R2 0.662 0.702
BP, F-stat 0.667 0.702

W hite's test 0.802 0.993
DW test 1.62 1.62

Skew-kurt test 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0

Linktest 0.07 0.09 0.04 0.06
RESET test 0.460 0.785

Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V-H9: Panel B: Second-stage: onzn to nysi: Estimates and diagnostic tests

(III) OLS se (III) NW se (IV) OLS se (IV) NW se

MCP
0.158 0.158 0.224 0.224

(0.215) (0.224) (0.299) (0.252)
HDD PosDev -1.823 -1.823 -1.527 -1.527

onzn (2.064) (1.146) (2.135) (1.084)
HDD NegDev -19.780 -19.780 -20.444 -20.444

onzn (10.071)* (10.536)* (10.656)* (10.636)*
CDD PosDev -17.974 -17.974 -17.265 -17.265

onzn (12.545) (8.836)** (12.712) (8.763)
CDD NegDev -1.860 -1.860 1.352 1.352

onzn (20.289) (16.695) (21.023) (17.515)*
HDD PosDev 4.740 4.740 5.231 5.231

nysi (13.063) (10.562) (13.547) (11.017)
HDD NegDev -0.831 -0.831 0.577 0.577

nysi (13.814) (11.925) (14.414) (11.358)
CDD PosDev 5.207 5.207 5.485 5.485

nysi (15.814) (8.482) (15.620) (8.929)
CDD NegDev 42.627 42.627 43.083 43.083

nysi (18.554)** (20.327)** (18.814)** (20.472)**
Natural gas -3279.987 -3279.987 -3244.934 -3244.934

price (1687.876)* (1655.691)* (1847.768)* (1583.934)**
Natural gas -34491.285 -34491.285 -32571.051 -32571.051

capacity ratio (20056.554)* (18645.532)* (21112.557) (18074.576)*
NG price * NG 8556.643 8556.643 8583.913 8583.913
capacity ratio (3789.794)** (3661.431)** (4148.304)** (3571.736)**

Risk-free
-179.532
(224.366)

-179.532
(200.464)

-148.762
(228.879)

-148.762
(198.005)

Inverse M ills -2092.215 -2092.215 -2028.467 -2028.467
ratio (1406.046) (1829.113) (1421.413) (1832.492)

1 / t
1820.124 1820.124

(1982.197) (19421.492)

M C P / t
-2.595
(9.760)

-2.595
(7.656)

Constant
17884.560 17884.560 16375.429 16375.429

(10754.643) (10726.633) (11269.345) (10600.817)
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R-square 0.430 0.439
Adj. R-square 0.292 0.279

AIC 1284.809 1287.654
BIC 1319.165 1326.591

Root MSE 1466.522 1480.721
Overall F-stat 3.124 (0.001) 5.446 (0.000) 2.738 (0.000) 5.039 (0.000)

N 73 73 73 73
Condition No. 342.30 380.96

M ean VIF 45.79 46.89
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

W hite's test 0.445 0.445
DW test 1.87 1.91

Skew-kurt test 0.000 0.000 0.000 0.000
Linktest 4.69 2.78 4.46 2.58

RESET test 0.000 0.000
Note: Point estimates from OLS and Newey-W est estim ation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, W hite's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-H9: Panel C: Second-stage: onzn to nysi: Estimates and diagnostic tests

(V) OLS se (V) NW se (VI) OLS se (VI) NW se

MCP
0.306 0.306 0.307 0.307

(0.246) (0.123)** (0.329) (0.174)*

Lag of Profit
0.260

(0.130)**
0.260

(0.196)
0.262

(0.131)*
0.262

(0.192)
Inverse Mills 247.149 247.149 276.640 276.640

ratio (678.026) (374.315) (687.873) (379.842)

1 / t
-1666.083 -1666.083
(4218.695) (1929.052)

M C P /t
-1.954
(9.950)

-1.954
(5.607)

Constant
206.798 206.798 308.031 308.031

(1243.816) (718.754) (1272.326) (807.090)
R-square 0.133 0.144

Adj. R-square 0.091 0.073
AIC 1167.650 1170.764
BIC 1176.409 1183.902

Root MSE 3.164 1647.860
Overall F-stat 0.031 (0.000) 8.249 (0.000) 2.024 (0.088) 14.633 (0.000)

N 66 66 66 66
Condition No. 13.76 16.16

Mean VIF 1.00 1.62
BP, standard 0.000 0.000

BP, N*R2 0.065 0.080
BP, F-stat 0.067 0.082

White's test 0.202
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest -3.47 -2.35 -2.52 -1.69
RESET test 0.003 0.006

Note: Point estimates from OLS and Newey-W est estimation approaches are the same. 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table V-H9: Panel D: Second-stage: onzn to nysi: Estimates and diagnostic tests

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se

MCP
0.049 0.049 0.165 0.165

(0.244) (0.188) (0.329) (0.231)
HDD PosDev -1.276 -1.276 -0.827 -0.827

onzn (2.109) (1.034) (2.144) (0.997)
HDD NegDev -14.563 -14.563 -22.535 -22.535

onzn (10.495) (9.119) (11.660)* (11.286)*
CDD PosDev -17.283 -17.283 -18.275 -18.275

onzn (17.992) (9.298)* (12.941) (9.629)*
CDD NegDev -12.607 -12.607 -5.485 -5.485

onzn (24.518) (20.623) (26.287) (23.858)
HDD PosDev 2.707 2.707 -0.833 -0.833

nysi (13.707) (10.746) (14.125) (10.317)
HDD NegDev -5.180 -5.180 6.952 6.952

nysi (14.577) (12.651) (16.343) (11.453)
CDD PosDev 8.226 8.226 8.809 8.809

nysi (15.651) (8.988) (15.546) (9.970)
CDD NegDev 54.097 54.097 55.865 55.865

nysi (21.514)** (22.465)** (22.022)** (22.686)**
Natural gas -2096.509 -2096.509 -3318.755 -3318.755

price (1870.503) (1432.292) (2102.478) (1553.890)**
Natural gas -19789.383 -19789.383 -29381.256 -29381.256

capacity ratio (22252.914) (15592.525) (23443.817) (15959.988)*
NG price * NG 5903.752 5903.752 8881.712 8881.712
capacity ratio (4190.865) (3210.947) (4756.780)* (3772.905)**

Risk-free
-20.151

(247.141)
-20.151

(156.294)
-17.635

(245.575)
-17.635

(160.998)

Lag of Profit
0.066

(0.130)
0.066

(0.214)
0.038

(0.130)
0.038

(0.212)
Inverse Mills -1907.980 -1907.980 -1720.483 -1720.483

ratio (1492.888) (1907.105) (1487.040) (1894.371)

1 / t
7743.712 7743.712

(4929.692) (3774.512)**

M C P /t
-5.013

(11.032)
-5.013
(8.097)

Constant
10267.455 10267.455 13318.474 13318.474

(11952.134) (9286.099) (12261.561) (9348.759)
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R-square 0.437 0.467
Adj. R-square 0.268 0.278

AIC 1163.152 1163.536
BIC 1198.187 1202.950

Root MSE 1464.416 1454.229
Overall F-stat 2.586 (0.006) 5.529 (0.000) 2.473 (0.007) 6.612 (0.000)

N 66 66 66 66
Condition No. 312.30 380.96

Mean VIF 45.79 46.89
BP, standard 0.000 0.000

BP, N*R2 0.000 0.000
BP, F-stat 0.000 0.000

White's test 0.442
Skew-kurt test 0.000 0.000 0.000 0.000

Linktest 3.89 2.60 4.36 2.58
RESET test 0.000 0.000

Note: Point estimates from OLS and Newey-W est estimation approaches are the same, 
Unadjusted OLS and Newey-West standard errors are reported in parentheses in the 
appropriate column. Reported results for BP, White's, skewness-kurtosis, and RESET 
tests are p-values. For Linktest, the reported value is the t-statistic associated w ith the 
squared term. For Condition Number, M ean VIF, and DW value, the reported values 
are un-normalised test statistics.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V-H10: Panel A: Second-stage: onzn to nysi: Hypothesis test results

(I) OLS se (I) NW se (II) OLS se (II) NW se
Hypothesis A 0.1 (0.782) 0.2 (0.691) 0.0 (0.861) 0.1 (0.808)
Hypothesis B 10.0 (0.002) 20.7 (0.000) 7.6 (0.007) 22.0 (0.000)
Hypothesis C 3.1 (0.085) 6.3 (0.014) 1.3 (0.260) 3.7 (0.058)
Hypothesis D 1.7 (0.199) 3.2 (0.047) 0.7 (0.497) 2.2 (0.114)
Hypothesis E 0.0 (0.881) 0.1 (0.742)
Hypothesis F 0.4 (0.516) 1.2 (0.285)
Hypothesis G 0.5 (0.601) 3.3 (0.042)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V-H10: Panel B: Second-stage: onzn to nysi: Hypothesis test results

(III) OLS se (III) NW se (IV) OLS se (IV) NW se
Hypothesis A 2.8 (0.102) 2.8 (0.101) 2.1 (0.152) 2.4 (0.128)
Hypothesis B 0.5 (0.466) 0.5 (0.484) 0.6 (0.456) 0.8 (0.378)
Hypothesis C 15.4 (0.000) 14.2 (0.000) 6.7 (0.012) 9.5 (0.003)
Hypothesis D 7.8 (0.001) 7.2 (0.002) 3.5 (0.039) 4.7 (0.012)
Hypothesis E 0.8 (0.362) 1.6 (0.206)
Hypothesis F 0.1 (0.791) 0.1 (0.736)
Hypothesis G 0.4 (0.642) 0.8 (0.437)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H10: Panel C: Second-stage: onzn to nysi: Hypothesis test results

(V) OLS se (V) NW se (VI) OLS se (VI) NW se
Hypothesis A 0.0 (0.868) 0.1 (0.775) 0.1 (0.810) 0.1 (0.704)
Hypothesis B 1.5 (0.218) 6.1 (0.016) 0.9 (0.354) 3.1 (0.082)
Hypothesis C 7.9 (0.006) 31.6 (0.000) 4.4 (0.039) 15.9 (0.000)
Hypothesis D 4.0 (0.023) 15.9 (0.000) 2.2 (0.116) 11.4 (0.000)
Hypothesis E 0.2 (0.694) 0.7 (0.391)
Hypothesis F 0.0 (0.845) 0.1 (0.729)
Hypothesis G 0.4 (0.669) 3.4 (0.040)
Hypothesis J 4.0 (0.049) 1.8 (0.189) 4.0 (0.050) 1.9 (0.178)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table V-H10: Panel D: Second-stage: onzn to nysi: Hypothesis test results

(VII) OLS se (VII) NW se (VIII) OLS se (VIII) NW se
Hypothesis A 0.7 (0.394) 1.2 (0.274) 1.2 (0.283) 2.0 (0.161)
Hypothesis B 0.0 (0.841) 0.1 (0.794) 0.3 (0.618) 0.5 (0.478)
Hypothesis C 15.1 (0.000) 25.5 (0.000) 6.4 (0.015) 13.0 (0.001)
Hypothesis D 7.6 (0.001) 16.3 (0.000) 3.3 (0.046) 6.5 (0.003)
Hypothesis E 2.5 (0.123) 4.2 (0.046)
Hypothesis F 0.2 (0.652) 0.4 (0.539)
Hypothesis G 1.4 (0.269) 2.3 (0.114)
Hypothesis J 0.3 (0.616) 0.1 (0.761) 0.1 (0.770) 0.0 (0.858)

Note: This table reports F-statistics, w ith associated p-values in parentheses.
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Table V -H ll:  Panel A: Second-stage: SUR estimates for configuration (I)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.687 -1.128 0.504 0.683

(0.309)** (0.653)* (0.255)** (0.200)***
Inverse Mills 1050.781 1550.641 123.294 307.479

ratio (388.754)*** (397.516)**** (196.063) (625.297)

Constant
-848.154 -353.316 90.809 -96.961

(366.389)** (184.475)* (220.183) (1148.003)
R-square 0.352 n AIC 4835.363
Chi2-stat. 39.767 (0.000) BIC 4862.683

n 72 Root MSE 1224.224
Note: SUR standard errors are in parentheses. 
* pcO.l, ** p<0.05, *** p<0.01, **** pcO.OOl

Table V -H ll: Panel B: Second-stage: SUR estimates for configuration (II)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-0.038 -0.594 0.731 0.726
(0.341) (0.742) (0.359)** (0.248)***

Inverse Mills 1269.225 1157.848 75.139 356.932
ratio (364.942)**** (329.222)**** (201.378) (623.477)

1 / t
-5249.879 5076.810 -446.327 -483.791

(2015.510)*** (952.831)**** (720.717) (1909.541)

M C P /t
10.072 -9.799 -16.043 -3.883

(2.941)**** (3.962)** (15.968) (7.560)

Constant
-870.145 -420.629 203.435 -59.648

(339.981)** (148.870)*** (245.570) (1154.938)
R-square 0.436 AIC 4835.363
Chi2-stat. 56.592 (0.000) BIC 4862.683

n 72 Root MSE 1224.224
Note: SUR standard errors are in parentheses. 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table V -H ll:  Panel C: Second-stage: SUR estimates for configuration (III)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.474 -1.118 -0.028 0.175

(0.317) (0.703) (0.288) (0.194)
Inverse Mills 1819.322 4230.286 -764.946 -2033.390

ratio (697.409)*** (880.117)**** (322.281)** (1257.689)
HDD PosDev -1.743 -0.322 -0.435 -1.812

onzn (1.374) (0.890) (0.971) (1.852)
HDD NegDev 6.799 0.365 0.599 -19.446

onzn (5.852) (3.958) (4.182) (9.029)**
CDD PosDev -23.554 -4.875 6.361 -17.939

onzn (12.128)* (5.742) (8.677) (11.351)
CDD NegDev -62.066 0.321 -0.004 -1.941

onzn (21.785)*** (8.553) (16.235) (18.205)
HDD PosDev 9.422 -7.124 -4.719 3.637

external (5.455)* (3.803)* (4.052) (11.702)
HDD NegDev -12.185 3.237 -1.549 -1.212

external (8.080) (5.745) (5.851) (12.393)
CDD PosDev 42.885 1.493 -18.259 5.012

external (15.530)*** (7.324) (11.745) (14.328)
CDD NegDev 42.854 -0.436 15.055 41.689

external (22.051)* (7.748) (16.776) (16.655)**
Natural gas 2957.100 -870.090 -2133.054 -3231.139

price (1091.058)*** (676.402) (792.184)*** (1513.690)**
Natural gas 33142.612 -6542.623 -20333.846 -33946.353

capacity ratio (12780.612)*** (7981.321) (8954.555)** (17988.987)*
NG price * NG -6638.300 1162.219 4581.921 8432.181
capacity ratio (2391.484)*** (1482.799) (1743.163)*** (3398.075)**

Risk-free
-262.488 -145.086 -184.758 -172.021

(134.437)* (96.256) (98.665)* (202.879)

Constant
-16266.764 4141.157 11561.596 17555.053

(6245.956)*** (3875.513) (4481.604)*** (9643.738)*
R-square 0.598 AIC 4828.462
Chi2-stat. 106.286 (0.000) BIC 4965.062

n 72 Root MSE 964.296
Note: SUR standard errors are in parentheses.
* p<0.1, ** pcO.05, *** p<0.01, **** p<0.001

431



Table V -H ll:  Panel D: Second-stage: SUR estimates for configuration (IV)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-0.274 -0.351 0.183 0.222
(0.346) (0.716) (0.425) (0.263)

Inverse Mills 2085.206 3476.165 -749.450 -2264.176
ratio (652.449)*** (689.073)**** (337.720)** (1249.449)*

1 / t
-4535.140 4964.654 -1158.731 1896.346

(1688.639)*** (857.657)**** (799.888) (1750.865)

M CP/t
10.453 -7.285 -15.117 -3.389

(2.794)**** (3.945)* (20.230) (8.576)
HDD PosDev -0.740 0.280 -0.859 -1.892

onzn (1.315) (0.703) (0.989) (1.883)
HDD NegDev 2.007 -0.874 0.704 -21.328

onzn (5.521) (3.339) (4.113) (9.379)**
CDD PosDev -26.304 -1.479 7.899 -17.983

onzn (11.207)** (4.459) (8.558) (11.304)
CDD NegDev -62.286 4.524 2.365 2.279

onzn (20.103)*** (6.634) (16.864) (18.527)
HDD PosDev 3.587 -4.216 -4.784 8.351

external (5.283) (3.181) (3.987) (11.908)
HDD NegDev -5.266 3.878 -1.255 0.711

external (7.564) (4.782) (5.754) (12.686)
CDD PosDev 45.993 3.385 -21.141 7.302

external (14.349)*** (5.612) (11.722)* (14.198)
CDD NegDev 50.534 -0.436 13.301 43.770

external (20.284)** (7.748) (16.301) (16.565)***
Natural gas 2055.321 -870.090 -2034.309 -3342.319

price (1036.725)** (676.402) (783.234)*** (1627.339)**
Natural gas 27144.529 -6542.623 -21454.309 -33747.335

capacity ratio (11914.374)** (7981.321) (8819.217)** (18600.807)*
NG price * NG -4348.189 1162.219 4280.879 8808.344
capacity ratio (2300.061)* (1482.799) (1724.172)** (3652.953)**

Risk-free
-206.592 -145.086 -220.032 -153.513
(127.154) (96.254) (99.763)** (203.043)

Constant
-14551.863 4141.157 12493.381 17342.471

(5803.802)** (3875.513) (4465.762)*** (9930.049)*
R-square 0.655 AIC 4788.296
Chi2-stat. 138.062 (0.000) BIC 4943.109

n 72 Root MSE 893.091
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Note: SUR standard errors are in parentheses. 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V -H ll:  Panel E: Second-stage: SUR estimates for configuration (V)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.470 -1.085 0.487 0.320

(0.317) (0.520)** (0.286)* (0.245)

Lag of profit 0.388
(0.108)****

0.112
(0.085)

0.116
(0.164)

0.251
(0.128)*

Inverse Mills 1068.335 1361.721 158.915 301.235
ratio (404.222)*** (344.404)**** (211.964) (682.235)

Constant
-755.514 -328.111 75.873 100.071

(378.807)** (158.649)** (236.381) (1255.250)
R-square 0.446 AIC 4277.419
Chi2-stat. 54.955 (0.000) BIC 4311.961

n 64 Root MSE 1186.802
Note: SUR standard errors are in parentheses. 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V -H ll: Panel F: Second-stage: SUR estimates for configuration (VI)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-0.913 -0.818 0.717 0.319

(0.369)** (0.871) (0.398)* (0.321)

Lag of profit
0.336

(0.090)****
0.119

(0.098)
0.091

(0.163)
0.255

(0.128)**
Inverse Mills 1616.864 1430.892 76.921 270.435

ratio (353.210)**** (413.759)**** (235.935) (680.990)

1 / t
-30651.741 -4694.867 -1004.099 -1754.463

(6556.039)**** (4147.350) (1494.745) (4083.783)

M CP/t
30.995 8.090 -15.072 -1.644

(5.904)**** (9.459) (17.068) (9.628)

Constant
-478.308 -263.579 245.153 307.076
(319.309) (165.118) (306.685) (1265.210)

R-square 0.625 AIC 4265.091
Chi2-stat. 108.800 (0.000) BIC 4316.905

n 64 Root MSE 976.389
Note: SUR standard errors are in parentheses. 
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

433



Table V -H ll:  Panel G: Second-stage: SUR estimates for configuration (VII)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
0.556 -0.696 -0.087 0.055

(0.329)* (0.555) (0.324) (0.216)

Lag of profit
0.281 -0.065 -0.018 0.030

(0.11)** (0.093) (0.154) (0.113)
Inverse Mills 2281.350 4302.941 -795.013 -1996.323

ratio (776.857)*** (783.508)**** (363.321)** (1303.556)
HDD PosDev -1.470 0.198 -0.642 -1.275

onzn (1.374) (0.687) (1.020) (1.861)
HDD NegDev 2.694 0.670 -1.062 -14.629

onzn (6.105) (3.367) (4.527) (9.235)
CDD PosDev -27.734 -6.380 5.210 -16.645

onzn (12.687)** (5.152) (9.430) (11.689)
CDD NegDev -31.573 3.797 1.080 -10.782

onzn (25.994) (7.835) (19.163) (21.054)
HDD PosDev 16.874 -3.256 -3.382 2.538

external (6.190)*** (3.123) (4.785) (12.538)
HDD NegDev -4.333 3.365 0.613 -6.908

external (8.681) (4.822) (6.524) (12.845)
CDD PosDev 37.512 8.168 -20.244 4.326

external (16,481)** (6.866) (13.215) (15.604)
CDD NegDev 24.661 2.137 13.592 53.314

external (24.689) (6.927) (18.746) (18.986)***
Natural gas 1276.955 -1031.815 -2758.581 -2099.239

price (1294.066) (615.035)* (903.849)*** (1648.584)
Natural gas 18160.533 -5724.248 -2758.581 -19511.677

capacity ratio (14459.215) (7001.459) (903.849)*** (19624.090)
NG price * NG -3379.292 1647.003 -27554.983 5988.340
capacity ratio (2777.738) (1336.395) (10326.363)*** (3689.089)

Risk-free
-235.283 -102.673 -272.431 -30.915
(150.904) (80.811) (113.063)** (221.026)

Constant
-8613.726 3071.255 15238.936 10128.963
(7104.672) (3414.402) (5142.150)*** (10535.637)

R-square 0.643 AIC 4276.087
Chi2-stat. 115.019 (0.000) BIC 4414.256

n 64 Root MSE 952.939
Note: SUR standard errors are in parentheses.
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* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001

Table V -H ll:  Panel H: Second-stage: SUR estimates for configuration (VIII)

MISI to ONZN NYSI to ONZN ONZN to MISI ONZN to NYSI

MCP
-1.422 -1.769 0.086 0.179

(0.408)**** (1.031)* (0.552) (0.282)

Lag of profit
0.158

(0.091)*
-0.147
(0.127)

-0.042
(0.150)

0.011
(0.111)

Inverse Mills 2666.121 4571.473 -1042.404 -1866.178
ratio (622.224)**** (824.922)**** (422.438)** (1271.396)

1 / t
-37215.704 -4297.152 -4135.067 8714.557

(6522.128)**** (5560.223) (1891.067)** (4262.486)**

M C P /t
35.755 12.943 -23.518 -7.285

(5.732)**** (11.707) (28.462) (9.409)
HDD PosDev -1.105 0.376 -1.543 -0.908

onzn (1.123) (0.700) (1.046) (1.847)
HDD NegDev 1.609 -0.584 0.361 -23.928

onzn (4.948) (3.512) (4.423) (10.048)**
CDD PosDev -30.876 -8.155 8.807 -17.647

onzn (10.054)*** (5.412) (9.254) (11.351)
CDD NegDev -69.165 2.848 10.880 -1.172

onzn (21.539)*** (7.862) (24.199) (22.587)
HDD PosDev 0.124 -5.753 -3.133 1.046

external (5.626) (3.928) (4.602) (12.124)
HDD NegDev -1.261 5.213 -0.627 7.113

external (6.955) (5.058) (6.364) (14.027)
CDD PosDev 45.641 11.411 -26.286 4.815

external (13.191)**** (7.280) (13.144)** (15.085)
CDD NegDev 58.641 3.495 7.347 55.074

external (20.308)*** (6.946) (19.747) (18.869)***
Natural gas 2328.116 -1013.225 -2074.636 -3436.927

price (1066.415)** (718.646) (935.765)** (1807.927)*
Natural gas 24633.922 -6043.115 -23226.496 -30386.489

capacity ratio (11580.395)** (7325.956) (10148.765)** (20167.884)
NG price * NG -5241.366 1654.842 4238.618 9269.539
capacity ratio (2316.022)** (1592.047) (2082.390)** (4092.016)**

Risk-free -264.130 -130.502 -343.596 -49.099
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(120.988)** (3455.348) (113.326)*** (214.477)

Constant
-11923.401 3217.872 14572.119 13784.318

(5657.575)** (3455.348) (5040.129) (10548.070)
R-square 0.776 AIC 4251.372
Chi2-stat. 225.463 (0.000) BIC 4406.811

n 64 Root MSE 753.957
Note: SUR standard errors are in parentheses.
* p<0.1, ** p<0.05, *** pO.Ol, **** p<0.001

Table V-H12: SUR: misi to onzn: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 5.4 (0.021) 6.6 (0.010) 6.8 (0.009) 6.3 (0.012)
Hypothesis B 4.9 (0.026) 0.0 (0.911) 2.2 (0.134) 0.6 (0.428)
Hypothesis C 1.0 (0.310) 9.3 (0.002) 2.8 (0.097) 13.6 (0.000)
Hypothesis D 5.4 (0.066) 12.6 (0.002) 7.6 (0.023) 16.7 (0.000)
Hypothesis E 6.8 (0.009) 7.2 (0.007)
Hypothesis F 11.7 (0.001) 14.0 (0.000)
Hypothesis G 12.2 (0.002) 14.2 (0.001)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H12: SUR: misi to onzn: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 4.0 (0.046) 2.2 (0.135) 1.5 (0.225) 4.4 (0.035)
Hypothesis B 2.2 (0.138) 6.1 (0.013) 2.9 (0.091) 12.2 (0.000)
Hypothesis C 2.8 (0.095) 26.9 (0.000) 1.8 (0.177) 35.3 (0.000)
Hypothesis D 5.3 (0.072) 27.9 (0.000) 2.6 (0.279) 35.7 (0.000)
Hypothesis E 21.9 (0.000) 32.6 (0.000)
Hypothesis F 27.6 (0.000) 38.9 (0.000)
Hypothesis G 30.2 (0.000) 39.7 (0.000)
Hypothesis J 12.9 (0.000) 14.0 (0.000) 6.4 (0.011) 3.0 (0.083)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-H13: SUR: nysi to onzn: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 3.7 (0.055) 8.0 (0.005) 1.1 (0.285) 0.4 (0.533)
Hypothesis B 3.0 (0.084) 0.6 (0.423) 2.5 (0.112) 0.2 (0.624)
Hypothesis C 10.6 (0.001) 4.6 (0.032) 9.1 (0.003) 3.6 (0.059)
Hypothesis D 14.8 (0.001) 13.6 (0.001) 11.8 (0.003) 4.0 (0.136)
Hypothesis E 28.4 (0.000) 33.5 (0.000)
Hypothesis F 6.1 (0.013) 3.4 (0.065)
Hypothesis G 37.9 (0.000) 47.7 (0.000)

Note: This table reports chi2-statistics/ w ith associated p-values in parentheses.

Table V-H13: SUR: nysi to onzn: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 4.3 (0.039) 2.5 (0.110) 0.8 (0.368) 0.9 (0.352)
Hypothesis B 4.4 (0.037) 0.9 (0.347) 1.6 (0.210) 2.9 (0.086)
Hypothesis C 16.1 (0.000) 4.4 (0.037) 9.3 (0.002) 7.2 (0.007)
Hypothesis D 20.8 (0.000) 7.3 (0.026) 12.0 (0.000) 9.4 (0.009)
Hypothesis E 1.3 (0.258) 0.6 (0.440)
Hypothesis F 0.7 (0.392) 1.2 (0.269)
Hypothesis G 1.8 (0.412) 1.9 (0.392)
Hypothesis J 1.7 (0.187) 1.5 (0.226) 0.5 (0.488) 1.4 (0.245)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H14: SUR: onzn to misi: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 0.2 (0.680) 0.7 (0.407) 6.7 (0.010) 7.8 (0.005)
Hypothesis B 3.9 (0.048) 4.1 (0.042) 0.0 (0.922) 0.2 (0.667)
Hypothesis C 3.8 (0.051) 0.6 (0.454) 12.7 (0.000) 3.7 (0.054)
Hypothesis D 4.1 (0.131) 1.4 (0.509) 16.0 (0.000) 9.8 (0.007)
Hypothesis E 0.4 (0.536) 2.1 (0.147)
Hypothesis F 1.0 (0.315) 0.6 (0.455)
Hypothesis G 1.6 (0.456) 2.7 (0.265)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-H14: SUR: onzn to misi: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 0.1 (0.748) 0.6 (0.424) 8.8 (0.003) 8.4 (0.004)
Hypothesis B 2.9 (0.088) 3.3 (0.071) 0.1 (0.789) 0.0 (0.876)
Hypothesis C 3.2 (0.073) 0.5 (0.477) 11.3 (0.001) 2.7 (0.098)
Hypothesis D 3.4 (0.185) 1.2 (0.560) 17.3 (0.000) 9.3 (0.010)
Hypothesis E 0.5 (0.502) 4.8 (0.029)
Hypothesis F 0.8 (0.377) 0.7 (0.409)
Hypothesis G 1.5 (0.469) 5.7 (0.058)
Hypothesis J 0.5 (0.478) 0.3 (0.576) 0.0 (0.906) 0.1 (0.777)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H15: SUR: onzn to nysi: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 0.0 (0.933) 0.0 (0.959) 3.3 (0.069) 3.1 (0.081)
Hypothesis B 11.6 (0.001) 8.6 (0.003) 0.8 (0.368) 0.7 (0.400)
Hypothesis C 2.5 (0.114) 1.2 (0.270) 18.1 (0.000) 8.7 (0.003)
Hypothesis D 2.6 (0.276) 1.3 (0.532) 18.2 (0.000) 9.1 (0.011)
Hypothesis E 0.1 (0.800) 1.2 (0.279)
Hypothesis F 0.3 (0.608) 0.2 (0.693)
Hypothesis G 0.9 (0.644) 1.2 (0.549)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H15: SUR: onzn to nysi: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 0.0 (0.936) 0.1 (0.808) 0.9 (0.336) 1.7 (0.191)
Hypothesis B 1.7 (0.191) 1.0 (0.320) 0.1 (0.801) 0.4 (0.524)
Hypothesis C 7.7 (0.005) 4.5 (0.033) 19.1 (0.000) 8.5 (0.004)
Hypothesis D 7.8 (0.020) 4.5 (0.103) 19.1 (0.000) 8.7 (0.013)
Hypothesis E 0.2 (0.667) 4.2 (0.041)
Hypothesis F 0.0 (0.864) 0.6 (0.439)
Hypothesis G 0.8 (0.657) 4.3 (0.114)
Hypothesis J 3.8 (0.051) 4.0 (0.046) 0.1 (0.791) 0.0 (0.917)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.
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Table V-H16: SUR: All paths jointly: Hypothesis test results: Panel A

(I) (II) (III) (IV)
Hypothesis A 7.7 (0.104) 11.7 (0.020) 18.8 (0.001) 17.9 (0.001)
Hypothesis B 23.8 (0.000) 12.8 (0.013) 6.0 (0.200) 1.7 (0.796)
Hypothesis C 16.9 (0.002) 13.6 (0.009) 41.3 (0.000) 28.2 (0.000)
Hypothesis D 24.2 (0.002) 24.0 (0.002) 53.3 (0.000) 38.4 (0.000)
Hypothesis E 49.7 (0.000) 50.6 (0.000)
Hypothesis F 26.2 (0.000) 20.6 (0.000)
Hypothesis G 64.2 (0.000) 70.1 (0.000)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H16: SUR: A ll paths jointly: Hypothesis test results: Panel B

(V) (VI) (VII) (VIII)
Hypothesis A 6.6 (0.158) 4.5 (0.342) 11.8 (0.019) 14.0 (0.007)
Hypothesis B 12.3 (0.015) 10.5 (0.032) 4.9 (0.294) 14.9 (0.005)
Hypothesis C 27.6 (0.000) 33.2 (0.000) 39.9 (0.000) 52.2 (0.000)
Hypothesis D 33.6 (0.000) 37.6 (0.000) 49.6 (0.000) 61.1 (0.000)
Hypothesis E 22.5 (0.000) 41.7 (0.000)
Hypothesis F 28.5 (0.000) 40.2 (0.000)
Hypothesis G 34.1 (0.000) 50.9 (0.000)
Hypothesis J 18.4 (0.001) 19.1 (0.001) 7.0 (0.134) 4.5 (0.343)

Note: This table reports chi2-statistics, w ith associated p-values in parentheses.

Table V-H17: SUR: Panel A: misi to onzn: 90% confidence intervals for M CP

Model
OLS OLS OLS NW NW NW SUR SUR SUR

Lower Point Upper Lower Point Upper Lower Point Upper
(I) 0.170 0.694 1.218 -0.033 0.694 1.421 0.179 0.687 1.194
(II) -0.565 0.039 0.643 -0.668 0.039 0.745 -0.599 -0.038 0.523
(III) -0.105 0.478 1.061 -0.292 0.478 1.249 -0.047 0.474 0.995
(IV) -0.795 -0.147 0.501 -0.878 -0.147 0.584 -0.843 -0.274 0.295
(V) 0.054 0.597 1.139 -0.125 0.597 1.319 -0.052 0.470 0.992
(VI) -1.442 -0.801 -0.161 -1.648 -0.801 0.045 -1.519 -0.913 -0.307
(VII) -0.085 0.540 1.164 -0.244 0.540 1.323 0.015 0.556 1.097
(VIII) -2.062 -1.275 -0.488 -2.266 -1.275 -0.285 -2.093 -1.422 -0.751
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Table V-H17: SUR: Panel B: nysi to onzn: 90% confidence intervals for M CP

Model
OLS

Lower
OLS
Point

OLS
Upper

NW
Lower

NW
Point

NW
Upper

SUR
Lower

SUR
Point

SUR
Upper

(I) -1.973 -1.007 -0.040 -1.973 -1.007 -0.040 -2.202 -1.128 -0.053
(II) -1.754 -0.726 0.302 -1.927 -0.726 0.475 -1.815 -0.594 0.627
(III) -1.600 -0.441 0.718 -1.310 -0.441 0.427 -2.274 -1.118 0.038
(IV) -1.213 -0.043 1.127 -0.854 -0.043 0.768 -1.529 -0.351 0.827
(V) -1.832 -0.975 -0.119 -2.026 -0.975 0.076 -1.941 -1.085 -0.230
(VI) -2.281 -0.895 0.491 -2.366 -0.895 0.575 -2.251 -0.818 0.614
(VII) -1.496 -0.482 0.533 -1.209 -0.482 0.245 -1.609 -0.696 0.216
(VIII) -2.881 -1.017 0.846 -2.862 -1.017 0.827 -3.464 -1.769 -0.073

Table V-H17: SUR: Panel C: onzn to misi: 90% confidence intervals for M CP

Model
OLS

Lower
OLS
Point

OLS
Upper

NW
Lower

NW
Point

NW
Upper

SUR
Lower

SUR
Point

SUR
Upper

(I) 0.311 0.476 0.641 0.383 0.476 0.568 0.085 0.504 0.923
(II) 0.243 0.739 1.235 0.524 0.739 0.954 0.140 0.731 1.322
(III) 0.265 0.458 0.650 0.310 0.458 0.605 -0.503 -0.028 0.446
(IV) -0.010 0.638 1.286 0.359 0.638 0.917 -0.516 0.183 0.881
(V) 0.208 0.452 0.696 0.296 0.452 0.607 0.017 0.487 0.958
(VI) 0.129 0.677 1.225 0.460 0.677 0.894 0.063 0.717 1.371
(VII) 0.003 0.294 0.585 0.064 0.294 0.524 -0.619 -0.087 0.446
(VIII) -0.123 0.699 1.522 0.264 0.699 1.134 -0,821 0.086 0.994

Table V-H17: SUR: Panel D: onzn to nysi: 90% confidence intervals for M CP

Model OLS
Lower

OLS
Point

OLS
Upper

NW
Lower

NW
Point

NW
Upper

SUR
Lower

SUR
Point

SUR
Upper

(I) 0.304 0.643 0.983 0.407 0.643 0.879 0.353 0.683 1.013
(II) 0.281 0.703 1.136 0.456 0.703 0.960 0.318 0.726 1.135
(III) -0.201 0.158 0.516 -0.217 0.158 0.532 -0.145 0.175 0.494
(IV) -0.275 0.224 0.724 -0.198 0.224 0.646 -0.211 0.222 0.655
(V) -0.105 0.306 0.717 0.100 0.306 0.512 -0.083 0.320 0.722
(VI) -0.242 0.307 0.856 0.017 0.307 0.597 -0.209 0.319 0.846
(VII) -0.360 0.049 0.459 -0.266 0.049 0.365 -0.301 0.055 0.410
(VIII) -0.387 0.165 0.718 -0.223 0.165 0.553 -0.284 0.179 0.643
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Appendix VI-A: LT FTR data and statistics

Table VI-Al: LT FTR: M CP and payout summary statistics ignoring path distinction

Variable N Mean Std. Dev. Skewness Kurtosis Minimum Maximum
Payout 395 6,732.34 12,129.24 2.60 10.53 0.00 72,793.44
MCP 395 3,359.05 6,171.80 3.26 15.60 13.75 42,779.70

Table VI-A2: LT FTR: MCP and payout summary statistics for import paths

Source Variable N Mean Std. Dev. Skewness Kurtosis M inimum Maximum
MBSI Payout 26 9,075.92 8,247.70 2.57 11.13 1234.25 42,192.07
MBSI MCP 26 4,243.84 2,914.64 1.41 4.38 1125.00 12,312.94
MISI Payout 25 12,351.10 11,777.27 0.46 1.73 0.10 32,917.78
MISI MCP 25 8,457.52 7,264.92 0.78 2.88 241.00 27,471.20
MNSI Payout 24 25,272.68 22,239.67 0.81 2.39 1800.71 72,793.44
MNSI MCP 24 13,095.26 11,386.01 1.01 2.63 712.50 36,539.38
NYSI Payout 25 4,590.95 9,112.80 3.79 17.57 0.00 45,448.33
NYSI MCP 25 2,822.74 2,621.46 1.07 3.34 173.35 8,862.00
PQBE Payout 31 1,993.34 3,090.01 1.33 3.10 37.07 8,661.54
PQBE MCP 31 532.41 739.99 2.84 11.72 59.57 3,656.83
PQDA Payout 31 37.51 94.77 3.55 15.93 0.00 473.57
PQDA MCP 31 261.56 406.52 3.35 13.22 48.75 1,942.74
PQDZ Payout 29 761.59 3,499.72 5.10 26.99 0.10 18,950.84
PQDZ MCP 29 422.47 503.68 2.43 8.06 36.25 2,173.39
PQPC Payout 31 1,479.16 3,603.91 2.20 5.86 0.00 10,710.01
PQPC MCP 31 31.96 359.61 1.47 3.65 13.75 1,225.00
PQXY Payout 30 116.78 264.21 2.10 5.51 0.00 775.99
PQXY MCP 30 222.26 182.48 1.31 4.34 25.50 725.00
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Table VI-A3: LT FTR: M CP and payout summary statistics for export paths

Sink Variable N Mean Std. Dev. Skewness Kurtosis Minimum Maximum
MBSI Payout 21 326.21 560.68 2.27 7.22 0.00 2,180.83
MBSI MCP 21 811.50 997.63 1.04 2.80 20.25 3,290.32
MISI Payout 23 5,554.36 9,279.06 1.62 4.06 0.00 28,577.55
MISI MCP 23 1,316.91 2,247.22 2.71 9.74 59.00 9,614.10
MNSI Payout 23 11,163.04 11,630.49 0.80 2.31 0.00 35,220.91
MNSI MCP 23 2,739.69 2,627.50 1.54 5.19 141.00 10,920.73
NYSI Payout 23 15,284.81 15,331.23 1.83 5.65 787.07 58,019.82
NYSI MCP 23 7,221.84 6,044.25 2.24 9.55 318.75 29,762.10

PQDA Payout 23 63.58 130.96 1.71 3.94 0.00 342.21
PQDA MCP 23 288.94 227.54 1.78 6,12 48.75 1,024.35
PQHZ Payout 30 17,148.89 15,092.92 0.95 3.27 20.00 56,047.64
PQHZ MCP 30 9,461.18 10,192.42 1.63 5.59 81.00 42,770.70

Table VI-A4: LT FTR: Summary statistics for ex-post profits

Path N Mean Std. Dev. Skewness Kurtosis M inimum Maximum
All paths 395 3,373.29 10,803.44 2.01 12.10 -40,446.43 66,426.91
MBSI to ONZN 26 4,832.08 7,889.77 1.43 7.03 -8,703.19 32,515.89
MISI to ONZN 25 3,893.57 12,839.71 -0.21 2.91 -25,891.00 29,413.40
MNSI to ONZN 24 12,177.42 26,826.93 0.43 2.50 -29,447.22 66,426.91
NYSI to ONZN 25 1,768.20 8,894.96 3.33 15.13 -7,604.55 40,131.33
PQBE to ONZN 31 1,460.92 3,181.31 1.07 2.76 -2,941.73 7,960.04
PQDA to ONZN 31 -224.05 336.32 -3.02 11.29 -1,469.17 107.03
PQDZ to ONZN 29 339.12 3,253.34 4.96 26.14 -1,964.26 17,111.33
PQPC to ONZN 31 1,165.20 3,679.89 2.18 5.82 -1,204.96 10,634.76
PQXY to ONZN 30 -105.49 355.16 1.07 3.97 -725.00 747.79
ONZN to MBSI 21 -485.28 1,201.28 -0.68 2.44 -3,116.70 1,234.76
ONZN to MISI 23 4,237.44 8,016.36 1.88 5.13 -1,287.44 26,427.05
ONZN to MNSI 23 8,423.34 11,462.55 0.87 2.42 -3,152.42 31,319.16
ONZN to NYSI 23 8,062.97 14,807.92 1.63 5.24 -11,368.48 48,818.48
ONZN to PQDA 23 -226.36 268.42 -1.17 4.37 -999.57 126.71
ONZN to PQHZ 30 7,687.71 14,724.67 -0.80 5.50 -40,446.43 40,586.24
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Table VI-A5: LT FTR: Correlation between M CP and payout and its statistical significance160

Path Corr. Coefficient p-value161
All paths considered 0.4575 0.0000
MBSI to ONZN 0.2969 0.1409
MISI to ONZN 0.1556 0.4577
MNSI to ONZN -0.1885 0.3778
NYSI to ONZN 0.2259 0.2775
PQBE to ONZN -0.0055 0.9768
PQDA to ONZN 0.7934 0.0000
PQDZ to ONZN 0.5439 0.0023
PQPC to ONZN -0.1551 0.4046
PQXY to ONZN -0.2388 0.2038
ONZN to MBSI -0.1193 0.6065
ONZN to MISI 0.6448 0.0009
ONZN to MNSI 0.1764 0.4207
ONZN to NYSI 0.2822 0.1920
ONZN to PQDA -0.0524 0.8122
ONZN to PQHZ 0.3733 0.0421

Table VI-AS: LT FTR: Summary statistics for various additional variables

Variable N Mean Std. Dev. Minimum Maximum
1 / t 31 0.13 0.19 0.03 1.00

Natural Gas Price 31 6.80 1.42 4.17 9.09
Natural Gas Capacity Ratio 31 0.44 0.07 0.35 0.60

Risk-free Interest Rate 31 2.39 1.27 0.16 4.13

160 As noted in the text, the correlation coefficients and p-values reported in this table ignore the issue of 
serial dependence resulting from overlapping FTR rights periods.
161 The p-value relates the test of statistical significance of the correlation coefficient, where the null and 
alternative hypotheses are that the correlation is zero and otherwise, respectively. The overlapping  
nature of the data is ignored.
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Figure VI-A1: LT FTR: Scatter plot of M CP against payout for all paths162
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Figure VI-A2: LT FTR: Scatter plots o f M CP against payout for import paths 
Panel A: Non-Quebec import paths
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Figure IV-A7: LT FTR: Scatter plots of M CP against payout for export paths
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Figure IV-A8: LT FTR: Time series plots o f M CP and payout for import paths 
Panel A: Non-Quebec import paths
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Panel B: Quebec import paths
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Figure IV-A9: LT FTR: Time series plots o f MCP and payout for export paths
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Appendix VI-B: Estimation results with LT FTR data

Table VI-B1: OLS on pooled cross-section with overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.764

(0.179)****
0.809

(0.156)****
Natural gas 

price
3787.249

(867.684)****

Risk-free rate
-3822.355

(792.896)****

Constant
5826.258

(801.600)****
-11102.160

(4422.269)**
R-square 0.155 0.244

Adj. R-square 0.152 0.236
AIC 6118.336 6090.811
BIC 6125.620 6105.379

Root MSE 12402.351 11770.257
Overall F-stat 51.278 (0.000) 29.938 (0.000)

N 282 282
Condition No. 1 . 8 6 16.44

M ean VIF 1 . 0 0 1.44
BP, standard 0 . 0 0 0 0 . 0 0 0

BP, N*R2 0 . 0 0 0 0 . 0 0 0

BP, F-stat 0 . 0 0 0 0 . 0 0 0

W hite's test 0 . 0 0 0 . 0 0

Skew -kurt test 0 . 0 0 0 0 . 0 0 0

Linktest -7.30 0.18
RESET test 0 . 0 0 0 0 . 0 0 2

Note: Huber-W hite standard errors reported in parentheses. Structural break dum m y 
variable estimates omitted from the table. Reported results for BP, White's, skewness- 
kurtosis, and RESET tests are p-values. For Linktest, the reported value is the t-statistic 
associated w ith the squared term. For Condition No. (number) and M ean VIF, the 
reported values are un-normalised test statistics.

448



Table VI-B2: OLS on pooled cross-section with overlapping data: Hypothesis test results

M odel (I) M odel (III)
Hypothesis A 52.8 (0.000) 6.3 (0.013)
Hypothesis B 18.2 (0 .0 0 0 ) 27.1 (0.000)
H ypothesis C 1.7 (0.188) 1.5 (0.221)
Hypothesis D 33.0 (0.000) 4.6 (0.011)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table VI-B3: Fixed path-specific effects with overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.249

(0.254)
0.309

(0.195)
N atural gas 

price
3611.091

(1650.897)*

Risk-free rate
-3581.350
(1503.350)

Constant
8188.351

(1164.327)****
-8192.189
(8220.676)

corr(u_i, Xb) 0.559 0.279
s.e. u i 6712.069 6511.156
s.e. e_it 11415.805 10774.333

Rho 0.257 0.268
All u_i=0 F-test 6.049 (0.000) 6.377 (0.000)

Overall R2 0.155 0.194
Log Likelihood -3028.666 -3011.309
Overall F-test 4.160 (0.000) 13.259 (0.000)

N 282 282
W ald HC test 0 . 0 0 0 0 . 0 0 0

W oold. AC test 0 . 0 0 0 0 . 0 0 0

BP CD test 0 . 0 0 0 0 . 0 0 0

Pesaran test 0.777 0.939
Note: Huber-White robust panel standard errors are reported in parentheses. 
Coefficient estimates are common among the three cases. 'corr(u_i, Xb)' refers to the 
correlation between u_i and the regressors listed. 'Rho' refers to the fraction of variation 
that is due to u_i. HC, AC, and CD denote heteroskedasticity, autocorrelation, and 
cross-sectional dependence, respectively (reported figures are p-values).
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table VI-B4: Fixed path-specific effects with overlapping data: Hypothesis test results

M odel (I) M odel (III)
H ypothesis A 49.5 (0.000) 1.0 (0.342)
H ypothesis B 1.0 (0.350) 2.5 (0.144)
Hypothesis C 8.7 (0.014) 12.6 (0.005)
H ypothesis D 49.5 (0.000) 6 . 6  (0.015)

Note: This table reports F-statistics, w ith associated p-values in  parentheses.

Table VI-B5: Random path-specific effects with overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.705

(0.151)****
0.651

(0.119)****
Natural gas 

price
3726.706

(1655.313)**

Risk-free rate
-3748.035

(1663.277)**

Constant
6119.621

(2059.691)***
-10090.366
(6524.523)

s.e. u_i 997.863 1789.971
s.e. e_it 11415.805 10774.333

Rho 0.008 0.027
BP RE test 0 . 0 0 0 0 . 0 0 0

Pesaran test 0.535 0.380
Overall R2 0.155 0.241

Over. chi2-test 42.022 (0.000) 65.853 (0.000)
N 282 282

Note: Huber-W hite robust panel standard errors are reported in parentheses. 'Rho' 
refers to the fraction of variation that is due to u_i.
* p<0.1, ** p<0.05, *** p<0.01, **** p<0.001
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Table VI-B6: Random path-specific effects with overlapping data: Hypothesis test results

Model (I) Model (III)
Hypothesis A 8.8 (0.003) 2.4 (0.122)
Hypothesis B 21.8 (0.000) 30.0 (0.000)
Hypothesis C 3.8 (0.051) 8.6 (0.003)
Hypothesis D 11.2 (0.004) 8.8 (0.012)

Note: This table reports chi-square statistics, w ith associated p-values in parentheses.

Table VI-B7: Hausman test: Comparison of fixed- and random-effects models with overlapping data

M odel (I) M odel (III)
Hausman test 

p-value
0.000 0.000
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Table VI-B8: OLS on pooled cross-section with non-overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.845

(0.348)**
0.847

(0.296)***
Natural gas 

price
3490.418

(1886.870)*

Risk-free rate
-3091.897

(1634.274)*

Constant
5815.967 

C1590.210)****
-10348.856
(9123.022)

R-square 0.157 0 . 2 0 2

Adj. R-square 0.147 0.170
AIC 1732.435 1732.139
BIC 1737.199 1741.667

Root MSE 12045.416 11879.574
Overall F-stat 14.577 (0.000) 6.393 (0.001)

N 80 80
Condition No. 1 . 8 8 20.84

M ean VIF 1 . 0 0 1.94
BP, standard 0 . 0 0 1 0.008

BP, N*R2 0.076 0.153
BP, F-stat 0.077 0.157

W hite's test 0 . 2 0 0.78
Skew-kurt test 0 . 0 0 0 0 . 0 0 0

Linktest -2.28 -0.27
RESET test 0.029 0.153

Note: Huber-W hite standard errors reported in parentheses. Structural break dum m y 
variable estimates omitted from the table. Reported results for BP, White's, skewness- 
kurtosis, and RESET tests are p-values. For Linktest, the reported value is the t-statistic 
associated w ith the squared term. For Condition No. (number) and M ean VIF, the 
reported values are un-normalised test statistics.
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Table VI-B9: OLS on pooled cross-section with non-overlapping data: Hypothesis test results

M odel (I) M odel (III)
H ypothesis A 13.4 (0.000) 1.3 (0.260)
H ypothesis B 5.9 (0.018) 8.2 (0.005)
H ypothesis C 0.2 (0.657) 0.3 (0.606)
H ypothesis D 9.2 (0.000) 0.7 (0.483)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table VI-BIO: Fixed path-specific effects with non-overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.322

(0.479)
0.325

(0.426)
N atural gas 

price
3399.127

(2456.317)

Risk-free rate
-2898.828
(2110.321)

C onstant
7955.164

(1959.480)***
-8074.033

(11085.680)
corr(u_i, Xb) 0.521 0.325

s.e. u_i 6361.098 6302.889
s.e. e_it 11600.311 11415.070

Rho 0.231 0.234
All u_i=0 F-test 1.610 (0 .1 2 2 ) 1.631 (0.117)

Overall R2 0.157 0.165
Log L ikelihood -855.717 -853.235
Overall F-test 1.544 (0.136) 1.940

N 80 80
W ald HC test 0 . 0 0 0 0 . 0 0 0

W oold. AC test 0.205 0.059
PesaranCD test 0.490 0.812

Note: Huber-W hite robust panel standard errors are reported in parentheses. 
Coefficient estimates are common among the three cases. 'corr(u_i, Xb)' refers to the 
correlation between u_i and the regressors listed. 'Rho' refers to the fraction of variation 
that is due to u_i. HC, AC, and CD denote heteroskedasticity, autocorrelation, and 
cross-sectional dependence, respectively (reported figures are p-values).
* p<0.1, ** p<0.05, *** p<0.01, **** pcO.OOl
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Table VI-B11: Fixed path-specific effects with non-overlapping data:: Hypothesis test results

M odel (I) M odel (III)
H ypothesis A 16.5 (0.002) 0.5 (0.483)
H ypothesis B 0.5 (0.516) 0.6 (0.463)
H ypothesis C 2.0 (0.187) 2.5 (0.144)
H ypothesis D 16.5 (0.002) 1.3 (0.325)

Note: This table reports F-statistics, w ith associated p-values in parentheses.

Table VI-B12: Random path-specific effects with non-overlapping data: Estimates and diagnostic tests

M odel (I) M odel (III)

MCP
0.845

(0.277)***
0.847

(0.240)****
N atural gas 

price
3490.418

(2641.991)

Risk-free rate
-3091.897
(2556.493)

Constant
5815.967 

(2364.061)**
-10348.856
(10229.162)

s.e. u_i 0 . 0 0 0 0 . 0 0 0

s.e. e_it 11600.311 11415.070
Rho 0 . 0 0 0 0 . 0 0 0

BP RE test 0.618 0.388
Pesaran test 0.895 0.867
Overall R2 0.157 0 . 2 0 2

Over. chi2-test 14.577 (0.000) 19.180 (0.000)
N 80 80

Note: Huber-W hite robust panel standard errors are reported in parentheses. 'Rho' 
refers to the fraction of variation that is due to u_i.
* p<0.1, ** p<0.05, *** pcO.Ol, **** pcO.OOl
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Table VI-B13: Random path-specific effects with overlapping data: Hypothesis test results

Model (I) Model (III)
Hypothesis A 6.1 (0.014) 1.0 (0.312)
Hypothesis B 9.3 (0.002) 12.5 (0.000)
Hypothesis C 0.3 (0.575) 0.4 (0.523)
Hypothesis D 19.7 (0.000) 1.1 (0.589)

Note: This table reports chi-square statistics, w ith associated p-values in parentheses.

Table V1-B14: Hausman test: Comparison of fixed- and random-effects models with non-overlapping data

Model (I) Model (III)
Hausman test 

p-value 0.000 0.002
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