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ABSTRACT
This paper considers the effect of the publication of offer price information on
unilateral market power in Alberta’s electricity market. This market is an hourly
auction characterized by repeated interaction among a small number of produc-
ers, common knowledge of costs and production capabilities, and price inelastic
demand.

For the period July 13, 2000 to May 18, 2017, offer prices for each hour were
published by the market operator, the Alberta Electric System Operator (AESO),
in the Historical Trading Report (HTR) after the end of the hour. Using counter-
factual analysis from 2010 to 2015 (52,584 hours), the paper finds that the effect
of offer price changes after the HTR publication was to raise the average hourly
price for electricity in Alberta by $2.48/MWh or about 4.2%, which raised the cost
of electricity for Alberta consumers during the six-year period by approximately
$1.14 billion.

Based on an earlier version of this paper, the AESO was instructed by Alberta’s
utilities regulator to cease publication of the HTR.
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1. INTRODUCTION

Alberta’s electricity market is organized as an auction in which producers compete to meet
consumers’ demand for electricity in each delivery hour. These auctions are conducted by the prov-
ince’s independent system operator, the Alberta Electric System Operator (AESO). During the pe-
riod from July 13, 2000 to May 18, 2017, the AESO published the Historical Trading Report (HTR)
that, about 5 to 10 minutes after the end of each delivery hour, made public the prices and quantities
of each offer to supply energy in the delivery hour just ended.

Information about current or recent producer offer strategies is not commonly available in
other liberalised electricity markets. As such, the experience of Alberta in releasing this information
may serve as an indicator as to whether other markets should adopt this disclosure or remain cau-
tious about the release of such information.
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Theoretical predictions about the effect of information publication in the context of non-co-
operative competition are not definitive: information may enhance the competitiveness of the mar-
ket and result in lower market prices, it may diminish the competitiveness of the market and result in
higher market prices, or it may have no effect on prices. As such, how the publication of information
affects competition and market outcomes is context-dependent. The purpose of this paper is to report
an empirical assessment of the publication of very recent offer prices through the HTR on outcomes
in the Alberta electricity market and to draw insights into how information affects market outcomes
in electricity markets more generally.

For each delivery hour, all generators are required to make initial offers, which are com-
prised of prices and quantities, for their generation capacity by noon on the day before delivery.
These offers may be restated up to two hours before the beginning of the delivery hour. This paper
uses a confidential database of all initial offers and restatements (changes to offers that have already
been made) made by generators in Alberta during the period 2010 to 2015, a total of 52,584 hours.
The methodology is to take observed market prices and compare them to those that would have
resulted if restatements that resulted in changed offer prices following the publication of the final
HTR did not occur. It is then calculated whether, on average, market prices are higher than those
that would have resulted if the restatements did not occur. If so, then there is evidence that the infor-
mation contained in the HTR facilitates learning that allows for the increased exercise of unilateral
market power.

While the analysis indicates that there are hours in which the publication of the HTR con-
tributed to both higher and lower market prices, the analysis finds that offer restatements that occur
after the publication of the final HTR raised the hourly Alberta electricity price by an average of
$2.48/MWh, about 4.2%, over the 6-year period from 2010 to 2015. This raised the aggregate value
of electricity consumption in Alberta during the six-year period by approximately $1.14 billion.

It was on the basis of an earlier version of these findings that the Alberta Utilities Commis-
sion, Alberta’s public utilities and electricity market regulator, at the request of the Market Surveil-
lance Administrator, Alberta’s electricity market monitor, ordered the AESO to cease publication of
the HTR, which it did on May 18, 2017.

The paper is structured as follows. Section 2 provides a background description of Alber-
ta’s electricity market, during the period 2010 to 2015, and the role of the HTR. Section 3 discusses
analytical frameworks for considering the effect of information on competition and reviews existing
analyses of the HTR. Section 4 details the creation of the database of confidential offers used in this
paper and the rationale for the selection of the study period. Section 5 describes an empirical strat-
egy to construct counterfactual market prices that reflect the effect of the publication of the HTR.
Section 6 provides results and discussion of this empirical strategy, including a detailed discussion
of offer behaviour in the Alberta electricity market in a specific hour. Section 7 reports an economet-
ric assessment of the impact of the publication of the HTR. Section 8 concludes.

2. THE ALBERTA ELECTRICITY MARKET AND THE HISTORICAL TRADING
REPORT

2.1 Supply and demand in the Alberta power pool

The wholesale electricity market in Alberta is structured as a gross power pool. A gross
power pool is a market in which any firm that wishes to produce and sell electricity is required to
do so through a central, jurisdiction-wide auction and bilateral physical transactions between pro-
ducers and consumers located at different locations are not allowed. Forward financial bilateral and
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exchange trading does occur. The power pool is operated by the AESO as a sequence of distinct
auctions for the delivery of electric energy in a single delivery hour.

Producers may offer their energy at any price between $0/MWh and $999.99/MWh. For
each delivery hour, producers must submit initial offers to the AESO before noon on the day before
the delivery hour (and may do so up to seven days in advance). Producer offers for each generating
asset consist of up to seven offer blocks with each block defined by a unique offer price and an asso-
ciated offer quantity called a price-quantity pair (PQ pair). The sum of offer block quantities made
for each generating asset in each delivery hour must exactly equal the maximum capability of the
generating asset, which is a technical parameter that is registered with the AESO and does not vary
on an hour-to-hour basis.'

In addition to the submission of offer blocks, each generating asset must declare a single
value for its available capability in each delivery hour. This is a technical parameter that represents
the generating asset’s expected ability to physically produce electric energy in the delivery hour. It
must be less than or equal to the generating asset’s maximum capability and greater than or equal
to zero. If a generating asset’s available capability is less than its maximum capability, the reason(s)
for this physical condition must be provided to the AESO. Common reasons include an outage for
planned maintenance or a derating due to warm weather that reduces the ability of the generating
asset to cool itself thereby limiting its ability to produce output. Importantly, it is not acceptable
to declare an available capability less than maximum capability for purely economic reasons; this
restriction constitutes a so-called must-offer rule.

As indicated in Table 1 the five largest firms in the market controlled between 65 and 70% of
generation capacity over the years 2010 to 2015 (as discussed further below, this is the study period
of the analysis reported in this paper). As indicated in Table 2, the fraction of total electricity produc-
tion by generation technology was relatively stable across the years in the study period, though there
was a slight downward trend of production from coal-fired generators that was offset by increased
production from natural gas-fired generators and wind-powered generators. For a more thorough
discussion of features of the Alberta wholesale electricity market, see Olmstead and Ayres (2014).

Table 1: Share of generation capacity controlled by major market participants

Firm 2010 2011 2012 2013 2014 2015

ATCO 11.1% 10.6% 10.3% 9.8% 11.8% 10.5%
Capital Power 9.3% 10.6% 10.5% 10.4% 10.3% 10.9%
ENMAX 14.6% 13.9% 13.5% 13.4% 11.2% 17.0%
TransAlta 14.9% 15.9% 16.8% 12.8% 12.7% 14.0%
TransCanada 20.0% 19.0% 18.4% 18.1% 17.9% 16.5%
Other 30.0% 29.9% 30.4% 35.5% 36.2% 31.2%

Table 2: Annual electricity production, by generation technology

Year Coal Cogen CcC SC Hydro Wind Biomass Imports
2010 71.2% 13.7% 3.4% 1.4% 2.7% 2.7% 1.0% 3.8%
2011 67.0% 12.7% 3.8% 1.9% 3.4% 4.1% 1.0% 6.1%
2012 63.7% 14.6% 4.4% 1.9% 3.9% 4.4% 1.1% 6.1%
2013 63.7% 16.5% 4.3% 1.8% 3.3% 5.1% 1.2% 4.2%
2014 67.6% 15.7% 3.0% 1.0% 3.0% 5.6% 1.0% 3.3%
2015 62.6% 16.4% 8.0% 1.2% 2.7% 6.5% 0.9% 1.7%

Note: Combined Cycle (CC) and Simple Cycle (CC)

1. The initial submission of offers is governed by ISO Rule 203.1, Offers and Bids for Energy. See Alberta Electric System
Operator (2013).
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Generators in the Alberta market are not required to make cost-based offers. As such, the
offer prices selected by generators located in Alberta occasionally reflected the exercise of market
power. Guidelines from the electricity market monitor, the Market Surveillance Administrator, de-
veloped in 2010 and published in 2011, provided guidance that the exercise of unilateral market
power in a manner that does not impede competition would not result in enforcement action. For a
thorough discussion of this and its implications, see Brown and Olmstead (2017).

Following initial submissions, both the price and quantity elements of offer blocks associ-
ated with a generating asset may be restated for any reason up to two hours before the beginning of
the delivery hour. The initial requirement that the sum of offer quantities made for each generating
asset be equal to its maximum capability must continue to be satisfied. A generating asset’s available
capability may be restated at any time, including after two hours before the beginning of the delivery
hour, provided that an acceptable reason is given if it is less than its maximum capability.

In addition to generating assets located in Alberta, offers must be submitted by traders
wishing to import electric energy into Alberta in a given delivery hour. Such offers consist of a
single quantity and must be made at a price of $0/MWh.> They may be submitted up to two hours
before the beginning of any delivery hour and there are no technical parameters such as maximum
or available capability.

Similar to producers, consumers of electric energy have the option to make explicit bids.
However, because consumers have the alternative option to draw electric energy from the market
without a bid, there is no practical advantage for consumers to make bids and so bids are not made.
The exceptions are traders wishing to export electric energy from Alberta in a given delivery hour.
Such bids are similar in every way to import offers, except that the bid price is always $999.99/
MWh.* The formation of market clearing prices is set out in the next section.

2.2 Market clearing in the Alberta power pool

For each delivery hour, the AESO takes the final offer blocks—that is, the initial offers
adjusted to account for all restatements—associated with all the generating assets and imports and
lists them in increasing order of offer price. To the extent that a generating asset’s available capa-
bility is less than its maximum capability, the quantity difference is removed from that generating
asset’s offer blocks starting with the one with the highest offer price. If a generating asset is fully
on outage, then all of its offer blocks would be eliminated from the list. The AESO makes other
adjustments to the offer blocks as described in section 4. The resulting ordered list of offer blocks
describes the energy offers available to the AESO to provide energy if dispatched and it is called the
energy market merit order.

Intermittent generating assets, such as those powered by wind, are treated differently and
are not dispatched in the same way as other generators, although changes in the level of wind gen-
eration may impact the timing of other dispatches.

Since consumers generally do not submit explicit bids to the market, there is no demand
schedule aside from exports. Instead, consumers make their decision to consume or not based on
their expectations of price.

2. The restatement of offers is governed by ISO Rule 203.3, Energy Restatements. See Alberta Electric System Operator
(2014).

3. Importers must form expectations of the pool price that will clear the market and they will be paid if they obtain an import
schedule.

4. Similarly to importers, exporters must form expectations of the pool price that will clear the market and they will pay if
they obtain an export schedule.
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Imports and exports for a given delivery hour are scheduled before the beginning of the de-
livery hour in order to allow transactions to be coordinated between neighbouring jurisdictions. This
is why imports and exports are priced the way they are; they are not considered to be dispatchable
during the delivery hour for economic reasons.

In order to clear the market, the AESO dispatches electric energy from the energy market
merit order until supply balances demand. The relevant offers associated with intermittent gener-
ating assets are dispatched to the extent that they are physically able to produce given prevailing
environmental conditions. The last offer block dispatched sets the market price at that time (in each
minute) and is called the system marginal price (SMP). As the delivery hour progresses, the AESO
may need to dispatch up or down the energy market merit order to account for changes in demand
or availability of generation capacity. For instance, outages will occur unexpectedly and wind pro-
duction changes. As such, the SMP may change throughout the delivery hour. The time-weighted
average of SMPs in each delivery hour is called the pool price. This is the uniform price used for
hourly settlement of all transactions in the energy market in the delivery hour.

2.3 Information availability in the power pool

Between July 13, 2000 and May 18, 2017, the prices and quantities of each offer to supply
energy in the previous hour were published in the HTR about 5 to 10 minutes after the end of each
hour. The HTR provided the (i) offers® as submitted by noon on the day before the delivery hour and
(i1) final offers as of the beginning of the delivery hour. The offers in the HTR were anonymous; that
is, the generating asset associated with the offer was not included.

As noted above, offers may be restated for any reason up to two hours before the beginning
of the delivery hour. This means that, as illustrated in Figure 1, the last time that offers for delivery in
delivery hour t may be restated for economic reasons is just before the end of delivery hour t minus
3. The last version of the HTR that is available at that time is the one associated with delivery hour
t minus 4.

In addition to the HTR, the AESO is required by law to publish the full details of offers
for each delivery hour 60 days after the delivery hour.® As a result, each day the AESO publishes 24
supply curves for the 24 hourly auctions that occurred for the delivery of energy 60 days earlier.” It is
our view that, while this remains a matter for further research, the information contained in this doc-
ument is too far out of date to have a significant effect on the offer strategies of market participants.

Figure 1: Offer submission timeline

Offers for Offers for HE 10
HES posted HEG6 posted delivery hour
<>
[ [ I I I I [ |
5:00 6:00 7:00 8:00 9:00 10:00 Time

Close of offer restatements
for delivery in HE10

5. Each offer includes both a price and quantity available at that price

6. See section 6 of the Fair, Efficient and Open Competition Regulation

7. This report is called the “Merit Order Snapshot Report—Energy”. In addition to providing the price and quantity associat-
ed with each offer block, this report also indicates the identity of the firm (or firms) that has economic control over the block.
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3. LITERATURE REVIEW
3.1 Analytical framework for considering the effect of information on competition

The supply function equilibrium model developed by Klemperer and Meyer (1989) was
adapted for application to electricity markets by Green and Newbery (1992), Bolle (1992), and
Wolak (2003). The model assumes a non-cooperative game in which a producer’s optimal offer
strategy is one that maximises profit by offering prices and quantities for its entire portfolio con-
ditional on its competitors offering optimally and the level of demand. Useful reviews of the SFE
model and support for its application to electricity markets are provided by Holmberg and Newbery
(2010) and Vives (2011).

Applications of the model have been used to test whether market outcomes are consistent
with non-cooperative or collusive behaviour. Existing empirical work includes Wolak (2003), which
finds that explanations involving collusive behaviour are unnecessary to explain prices increases in
California’s electricity market during the California energy crisis during the period from 1998 to
2000, and Sweeting (2007), which finds evidence to support tacit collusion in England and Wales’
electricity market during the period from 1995 to 2000.

The supply function equilibrium model is a static game that does not allow interaction
between different periods of the game. An important practical question is whether some learning
may occur or be required in order for producers to develop an optimal offer strategy in the absence
of perfect information. If so, it is an important matter of market design whether learning should be
facilitated by providing information about competitors’ offers and the level of demand.

Regarding liberalised electricity markets specifically, Holmberg and Newbery (2010) note
that disclosure of offers allows producers to implement an implicit or explicit collusive strategy and
conclude that disclosure should be both delayed and possibly restricted to parts of the offer curve
around the clearing price. Holmberg, Par, and Wolak (2018), in the context of a static game with
private cost information, conclude that increased transparency and public information about costs
increases the expected degree of competition. The authors acknowledge the possibility of tacit col-
lusion in a repeated game.

In practice, repeated interaction may reveal information about producers’ strategies or for-
ward contracting positions. For example, a producer that offers output at prices substantially greater
than marginal cost indicates that their net forward contracting position is such that they would ben-
efit from higher prices. In this case, there is the possibility that even in the absence of an implicit or
explicit coordinated strategy the sharing of offer information could further enhance the non-cooper-
ative exercise of market power.

In most liberalised electricity markets, information on forecast and historical demand is
commonly available but information about current or recent producer offer strategies is not. The
contribution of this paper is to examine whether or not the release of such offer information should
continue to be restricted or whether information release is warranted. We do not present a formal
model of strategic behaviour that seeks to attribute impacts to either collusive behaviour or an
increase in the effectiveness of unilateral behaviour. The contribution of this paper is to provide
empirical evidence as to whether, in the context of a repeated hourly auction such as the Alberta
electricity market, the publication of recent offer information results in higher, lower or no impact
on market prices.

The empirical approach used in this paper bares similarities to the literature on event stud-
ies used to examine the impact of informational changes on stock market events (Fama et al., 1969;
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Kothari and Warner, 2007). Such studies construct an alternate set of returns, a counterfactual, that
would have occurred absent an informational event.

3.2 Existing analysis of the Historical Trading Report

Brown, Eckert, and Lin (2018) examine the interaction among producers in the Alberta
electricity market. The authors use an econometric methodology to show that certain producers
respond to the lagged offer prices of other producers in a manner consistent with revelation of an-
onymized offer information contained in the HTR. Based in part on analysis contained in Market
Surveillance Administrator (2013), the paper suggests that producers are able to identify rivals and
differentiate their respective responses to them.

Brown and Eckert (2019) employ an econometric methodology and data for the year 2013
to consider whether the observed offer behaviour by certain firms in the Alberta electricity market
was consistent with unilateral maximization of expected profit. The results indicate that some of
these firms could have raised their expected profit by unilaterally deviating from their observed
offers, suggesting that market outcomes may be inconsistent with non-cooperative competition.

Notably, data that are publicly available, including those used in the two analyses above, do
not include information related to when an offer is restated. When considering what effect the pub-
lication of the HTR may have on market prices, this information is of critical importance because it
allows offer restatements made before the HTR was released, which could not have been affected by
the HTR, to be distinguished from offer restatements made after the HTR was released, which may
have been affected by the HTR.

4. DATA AND STUDY PERIOD

As stated above, the HTR provided the (i) offers as submitted by noon on the day before
the delivery hour and (ii) final offers as of the beginning of the delivery hour. Other information
about offers is known but is not publicly available, in particular information about the times at which
restatements were made. This paper uses a confidential database of all initial offers and restatements
(changes to offers that have already been made) made by generators in Alberta during the period
2010 to 2015.

Since these data have never been made public, the creation of this database was necessary
in order to construct the market price that would have occurred had restatements that were made
after the publication of the final HTR not been made. The AESO does not operate a pre-dispatch
market process in a manner comparable to many other jurisdictions and as a result it does not have
to create merit orders for this purpose. Creation of the dataset presented a number of practical dif-
ficulties. Among these is that raw offers for specific generating units include capacity from those
units that was designated to provide operating reserves, which is removed from the highest price
offer block to determine a unit’s actual availability in the energy market, and capacity used to pro-
vide Dispatch Down Service, a product unique to the Alberta electricity market which is intended to
compensate for the effect of the AESO directing out-of-market generation to occur to handle local
transmission constraints, is removed from the lowest price offer block.

This paper considers a six-year study period from 2010 to 2015; a total of 52,584 hours.
This time period was chosen for a number of reasons. Regarding the beginning of the study period,
information prior to late 2007 contained a different definition of available and maximum capability
and between late 2007 and mid-2009 there were a number of problems associated with dispatch
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tools and the recording of merit order data. As a result, this paper does not consider data for this
period of time.® Regarding the end of the study period, there was an important structural change to
the Alberta electricity market on January 1, 2016 that had a substantial impact on offer behaviour.
Specifically, this is the date on which the virtual divestiture scheme associated with a set of Power
Purchase Arrangements that was enacted as part of the deregulation process began to unravel.” The
result was that a government entity, the Balancing Pool, quickly found itself with control of almost
30% of Alberta’s generation capacity for the next several years. For this reason, the time period after
2015 has been excluded from this study. Finally, the authors decided to limit the time period to full
years to ensure that the seasons were balanced and, as a result, the six calendar years from 2010 to
2015 were selected for the study.

5. EMPIRICAL STRATEGY

The methodology used to consider the effect of the HTR on market prices is to take ob-
served market prices and compare them to those that would have resulted if restatements involving
changes to prices following the publication of the final HTR did not occur.

The empirical strategy has two elements. First, a counterfactual supply curve that reflects
the absence of the HTR is constructed. Second, following Brown and Olmstead (2017), a residual
market demand curve is estimated using reduced-form approaches to separately estimate hourly
(1) price-responsive demand for a subset of large consumers in Alberta and (ii) import supply from
neighbouring jurisdictions. The combination of these elements allows us to estimate the counterfac-
tual market prices and quantities that would have prevailed in the absence of the HTR.

5.1 Counterfactual supply curve

While counterfactual offer prices cannot be directly observed, using the confidential data-
base of offer restatements discussed above, they can be estimated. Since all restatements are time-
stamped, those restatements that were made after the most recent HTR was published can be iden-
tified and offers as they existed before its publication can be recreated. A counterfactual market
supply curve based on these offers can then be constructed and used to determine a counterfactual
market clearing price (and quantity of consumption).

The method employed to construct the counterfactual removes only those restatements
where offer prices were changed. Restatements where the available capability but not offer price
was changed are not removed as these represent reductions or increases in available energy and
are required by the market rules when physical conditions at generators change (e.g., outages).
The method of identifying which offers are influenced by the HTR is subject to several limitations
because the reason why a producer restated a specific offer cannot be observed. First, as only offers
after the most recent HTR was published are eliminated, whether previous HTR publications are
the cause of earlier restatements is not considered. Second, it is not certain whether the restatements
that have been removed would have occurred even in the absence of the publication of the HTR.

The first limitation may result in under-estimating the impact associated with the HTR. The
second limitation would be particularly problematic if the market participants most likely to exer-
cise market power did so only through a single restatement at the last possible time. If this were true,

8. Market Surveillance Administrator (2009).
9. See Olmstead and Ayres (2014) for additional background information about the Alberta electricity market, including the
Power Purchase Arrangements.
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this methodology may over-estimate the impact of the HTR. However, while price restatements be-
come more frequent up to two hours before the beginning of the delivery hour, after which no further
changes in prices are allowed, a study conducted by the AESO indicates that the vast majority occur
before the final HTR report is published.'® Further, a study by the Market Surveillance Administrator
found that 84% of the price restatements in 2011 were made by the largest five generators, which
controlled about 70% of the generation capacity.!!

From this it is concluded that those generators that were most likely to be able to profitably
exercise market power do not restate only after the final HTR has been released. Hence, the removal
of restatements according to the methodology set out above does not remove the effect of updated
expectations about changes in market conditions that occurred since offers were made initially in the
day-ahead period and before the final HTR was published.

The use of this empirical approach to identify the impact of the HTR’s publication amounts
to assuming the offers as they existed prior to the publication of the HTR reflect all known informa-
tion about the delivery hour as well as the various firms’ intentions to profit maximize in the delivery
hour and their expectations of their competitors to do the same. As such, the restatements made in
the one-hour period before the gate-closure are assumed to be due to the revelation of information
thereafter, particularly the information contained in the HTR about the most recent choices of com-
petitors. Of course, other information about the delivery hour may become known at the same time.
It is assumed this information does not systematically affect producer offer behaviour.

The procedure implemented in this paper to estimate the counterfactual supply curve is as
follows:

1. Record the observed supply curve from which each observed SMP was taken and record
the observed amount of production that was necessary to satisfy demand at that time.

2. Identify all restatements of offers for delivery in the delivery hour that occurred in the
last hour before gate-closure.

3. For each identified restatement, change the offer on the observed supply curve for the
delivery hour to what it was before the restatement was made. Including the set of offers
that were not restated, this is the set of counterfactual offers. Total offer quantities for
each generator remain unchanged although may be redistributed to different price levels
as a result of the restatement.

4. Sort the counterfactual offers in ascending order of offer price. This is the counterfactual
supply curve.

5.2 Residual market demand curve estimation

Consumer behaviour is assumed to be independent of any effects associated with the HTR.
However, to the extent that market supply would have been different in the absence of the HTR,
the market may clear at a different point on the demand curve. While demand for electricity is
generally observed to be highly price inelastic, there is some degree of price responsiveness on the
demand-side of the market. The two main sources of this price-responsiveness are (i) large consum-
ers located within Alberta for which electricity is a major input cost and (ii) traders who schedule
imports and exports.

10. Alberta Electric System Operator (2012), section 5.2
11. Market Surveillance Administrator (2012), section 2.3.1, and Table 1 above.
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5.2.1 Estimation of price-responsive industrial demand within Alberta

The demand curve is not observed. Following Brown and Olmstead (2017), price-respon-
sive industrial demand within Alberta is modelled as a linear-log function of the observed market

price, p,:

0,=6,+6,In p, +6,In p° + OWeekday, + 0,Holiday, + ph(Temp ;)

24 12 2015 (1)
+ Za)hHourht + ZymMonthmt + Z y Year, +n,
h=2 m=2 y=2011

where In p,*? is the natural log of the price of natural gas, h(Temp 45,) 18 @ non-linear function of
temperature variables for Alberta, and Weekday,, Holiday,, Hour,,, Month,,, and Year,, are indicator
variables for weekdays or not, provincial holidays in Alberta or not, hour-endings, month and year
in the data set, respectively.'> The covariates contain various demand shifters to account for non-
price related demand factors and the natural gas price controls for fuel substitution.

Estimating the relationship between the price of electricity and the quantity demanded is
difficult because demand is impacted by various factors other than price, shifting the demand curve
along the supply curve. This creates potential correlation between the price variable and the error
term. This endogeneity concern is alleviated by finding instrumental variables (IV) for the price of
electricity. First, the common approach of using lagged prices as the exclusive Vs is adopted (e.g.,
see Lijesen, 2007; Aroonruengsawat, Aufthammer, and Sanstad, 2012). Second, supply shifters are
used as IVs that impact demand only through their impact on the electricity price. The exclusive
instrument used is the capacity supply availability that reflects the sum of the available electricity
generation capacity within Alberta and the import transmission capacity limits.

To estimate the price-responsive industrial demand function, the paper utilises confidential
meter data held by the AESO for various large industrial consumers in Alberta that represent up to
8% of hourly dispatch. These customers are firms primarily in the pulp, paper, forestry, and petro-
chemical sectors.

Table 8 provides detailed estimates of the price-responsive demand function. The coeffi-
cients imply average price-elasticities of demand of —0.28 and —0.19 for the lagged price and supply
shifter IVs, respectively. The results from the lagged price IV model are used in the subsequent
analysis."?

12. The temperature variables used in the analysis for Alberta (Calgary and Edmonton), British Columbia-Montana (Vancou-
ver), and Saskatchewan (Saskatoon) are modelled as quadratics for cooling degree hours (CDH), when the hourly temperature
is greater than 18.33 degrees Celsius (65 degrees Fahrenheit), and heating degree hours (HDH), when the hourly temperature
is less than 18.33 degrees Celsius. The terms CDH and HDH are used instead of the more common cooling and heating de-
gree day (CDD and HDD) to highlight that the variables used are constructed on an hourly rather than daily basis. These data
are accessed through Environment and Climate Change Canada: Historical Climate Data: Historical Data. The results of the
analysis are robust to the consideration of higher degree polynomials on the temperature variables and alternative large cities
in each jurisdiction.

13. Given the likelihood that the price is endogenously determined, the analysis uses the IV estimates because they are
consistent even if not necessarily efficient. Use of the price coefficient from the lagged price regression is consistent with the
approach taken in Brown and Olmstead (2017). Nevertheless, all of the results that follow are robust to using the regression
coefficient from either the supply shifter IV regression or the OLS regress. This is because the magnitudes of the coefficients
are similar and much smaller than the price-responsive effect related to import supply.
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5.2.2 Estimation of import supply

The import supply curve is also not observed. Imports to the Alberta electricity market
come from two neighbouring regions: British Columbia-Montana (BCMT) and Saskatchewan (SK).
Following Brown and Olmstead (2017), an import supply function is estimated for each of the
neighbouring jurisdictions as a linear-log function of the observed market price, p,:

0y =B, + B, Inp, + B, Weekday, + f, Holiday, + ah(Temp )
24 12 2015 (2)
+ Za)hHourht + Z)/mMonthmt + Z y Year, +¢,

h=2 m=2 y=2011
where i(Temp ) is a non-linear function of temperature variables in neighbouring region j (i.e., not
temperatures in Alberta), and Weekday,, Holiday,, Hour,,, Month,,, and Year,, are indicator variables
for weekdays or not, provincial holidays in Alberta or not, hour-ending, month and year in the data
set, respectively. The time period-based indicator variables control for systematic variation of de-
mand and input supply shocks.

The price of electricity is affected by the quantity of imports supplied and is therefore
endogenously determined. Following Mansur (2008), an instrumental variables approach is used
to address the endogeneity of price, where the exclusive instruments are hourly temperatures in Al-
berta. Measures of temperatures in Alberta are valid instruments because they affect the prevailing
demand conditions in Alberta and so impact the market price in Alberta (p,). However, the tempera-
ture variation in Alberta only impacts the import quantity through its impact on p,. The instruments
selected are the same as in Brown and Olmstead (2017).

Data on imports are publicly available 60 days after the delivery hour on the website of the
AESO."

Table 9 provides detailed estimates of the import supply functions. The coefficients imply
average price-elasticities of imports of 0.61 and 0.42 for British Columbia-Montana and Saskatch-
ewan, respectively.

5.3 Counterfactual market equilibrium

The counterfactual methodology finds a counterfactual SMP for each of the observed
SMPs. To simplify the analytical approach, it is assumed that the times at which the observed SMP
changes are the only times at which the counterfactual SMP may change.'

The observed SMP is the price at the intersection of the observed supply curve and the
residual demand curve that incorporates the effect of both (i) price-responsive industrial demand in
Alberta and (ii) import supply from neighbouring jurisdictions. As illustrated generically in Figure
2, the counterfactual SMP is the price at the intersection of the counterfactual supply curve and the
same residual demand curve. The counterfactual pool price for a delivery hour is the time-weighted
average of the counterfactual SMPs within the delivery hour.

14. To access these data, go to ets.aeso.caets.aeso.ca -> Historical -> Merit Order Snapshot (Energy).

15. For the time period during which a particular SMP prevails, the methodology assumes that both the supply and demand
curves are constant. Similarly, the counterfactual supply curve is constant as well. As a result, the times at which the SMPs
change are held constant. In practice, Alberta’s electricity market, unlike most other liberalised electricity markets, does not
rely on a multi-period optimization algorithm to determine the timing of dispatch. Dispatch timing is reliant upon the judge-
ment of individual system coordinators that in turn may be influenced by factors that are not easy to observe. In effect, the
methodology here holds these decisions constant.
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Figure 2: The observed and counterfactual market equilibria
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The restatement impact is defined to be the counterfactual pool price less the observed pool
price. If the restatement impact is positive in a delivery hour, then the effect of restatements was to
raise the pool price above what it otherwise would have been. If, on average, the restatement impact
is positive, then there is evidence that the information contained in the HTR facilitates learning that
allows for the increased exercise of unilateral market power.

6. COUNTERFACTUAL RESULTS

To clarify the mechanics of the information publication and offer restatement process, the
evolution of offers in a single, specific delivery hour is discussed in detail. Systematic application to
all 52,584 hours in the data set follows thereafter.

6.1 An illustrative example: The electricity market on September 6, 2011, hour-ending 10

The hour-ending 10 settlement interval runs from 9 to 10 a.m. and therefore any offer price
restatements must be submitted before 7 a.m. The offers for hour-ending 10, as they were at 6 and 7
a.m., are illustrated in Figure 3. Specifically, at 6 a.m. there were 171 MW of offers for delivery in
hour-ending 10 made at prices between $100/MWh and $986/MWh, including none at any prices
between $500/MWh and $986/MWh, exclusive.

The HTR for hour-ending 6 was published between 6:05 and 6:10 a.m. and is illustrated
in Figure 4. There were 363 MW between $100/MWh and $620/MWh, a 43 MW block at $955.65/
MWh, and two 101 MW offers at $986/MWh and $987/MWh. This made clear the relatively steep
shape of the residual demand curve faced in that hour by each generator, including the $335.65/
MWh wide price band with no offers.
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Figure 3: Offers for hour-ending 10 on September 6, 2011
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Figure 4: The HTR for hour-ending 6 on September 6, 2011.
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Table 3 reports the complete set of offer restatements made between 6 and 7 a.m. for deliv-
ery in hour-ending 10. A total of 542 MW of offers were restated to prices between $920.56/MWh
and $955.01/MWh and two 50 MW offers were restated at prices $850/MWh and $890/MWh (each

Copyright © 2020 by the IAEE. All rights reserved.



154 / The Energy Journal

S VL LY6

33

§9°6¢6

2]
—

95026

o
Nel

LY'€C

0s

8¢91

S9

6C' 11

Sel

000

L€:907e 0L

CHS
14 YLy 33 SOIE 81 96°9¢ 9 LY'€C 0s 8¢€91 $9 6C 11 Sel 000 wolf
Sc £8'8Y6 3 YL 96 81 S9°1¢C6 9 9¢°¢€C 0s LY'L1 S9 8¢11 Sel 000 S€:90 38 OL THS
94 €87y 33 LCE 81 §9'9C 9 9¢°¢€C 0s LY'L1 S9 8¢11 Sel 000 wolrf
0 YL 666 0 05°666 €S 0T°666 0¢ LY'0S6 €5 YL 06 0¢ 6CS1 0S¢ 000 €:90 8 OL yas
0 YL 666 0 S9°L66 €5 9SvS 0¢ LY'8¢ €5 SL'ST 0¢ 6CS1 0S¢ 000 woiq
0 00°8S6 0 00°LS6 0 007956 59 95°6776 (U% LY'6€6 0€¢ 8EYTO 0S¢ 000 0%:90 & OL cas
0 £8°006 0 ¥L'006 0 $9°006 €€ 96°€S (U4 LY'9T 0€¢ 8¢°LI 0S¢ 000 ol
— — 0L 107556 0 00°0¢ 0 0081 94! 0,01 SL S0°0 9Ll 000 9%:90 e OL END
- - 0 00°0¢ 0 00781 09 L0l Syl 0L01 S8 S0°0 9Ll 000 wolf
0 00°166 0 00°066 0 00°686 0 00°886 IS 00°5¢6 0$ 00°0S8 0 000 €290 3 0L ONA
0 00°166 0 00°066 0 00°686 0 00°886 0 05°L86 1ot 00°L86 0 000 worf
0 00°666 0 00°866 0 00°L66 0 007966 s 00926 0S 00°068 0 000 90 e OL ONA
0 00°666 0 00°866 0 00°L66 0 007966 0 057986 1ol 00986 0 000 wolf
0 007266 0 00°166 0 00°066 0 00°686 8¢ 00°LT6 0 05°8% 0 000 619072 0L [ONA
0 007266 0 00°166 0 00°066 0 00°686 8¢ 00°886 0 0581 0 000 wol]
0 007966 0 007566 0 00166 0 00°€66 S YTey 33 100 0 000 86:90 ¥e OL YD
0 007966 0 00°566 0 0066 0 00°€66 0 00°166 (04 100 0 000 wolrf
0 00966 0 007566 0 00166 0 00°€66 S ¥6'0% 33 100 0 000 LS990 ¥e OL a0
0 007966 0 007566 0 0066 0 00°€66 S LE 6V 33 100 0 000 96:90 e 0L
0 007966 0 00°566 0 0066 0 00°€66 0 00°166 (04 100 0 000 wolrf
0 00966 0 007566 0 00166 0 00°€66 S LISy 3 100 0 000 6690 3e 0L )
0 007966 0 007566 0 00166 0 00°€66 0 00°166 (U4 100 0 000 worf
14 £8°0C¢ 0 YL'ST 0 §9°0C 0 9¢°¢1 0 LY01 0 8¢S 81 000 7590 18 OL 09
4 £8°058 0 YL'ST 0 §9°0C 0 9¢°¢1 0 LY01 0 8¢°¢ 81 000 wolrf
ozIS 2o1g EYATN Q011 ozIg Qo1 ozIg Qo1 azIS o011 ozIS ao1g EVATN Q011 oSuey) 1ossy
930014 S 3org ¥ oo1d € 3001d ¢dord [ o01d 0 o01d

*T10T ‘9 19quid}dag uo (] SuIpud-Inoy J10J Wik / PUEB 9 IPBW SIUIWIIIB)SAI IO [V € dqBL

All rights reserved. Copyright © 2020 by the IAEE.



Offer Price Information and the Exercise of Market Power | 155

of which was part of one of the 101 MW offers referred to above made at prices $986/MWh and
$987/MWh), respectively.

The hour-ending 6 HTR revealed a limited number of offers between $100/MWh and
$620/MWh, and none at all above this range until $955.65/MWh. This made clear the shape of
the residual demand curve faced in that hour by each generator, including the approximately $335/
MWh wide price band with no offers. In the approximately 50 minutes that followed the publication
of the hour-ending 6 HTR, substantial quantities of offers for the hour-ending 10 settlement inter-
val—the nearest one for which the offer gate closure had not yet occurred—were restated to prices
in a $34.45/MWh wide price band ranging from $920.56/MWh to $955.01/MWh. The upper limit
of this price band was $0.64/MWh below the upper limit of the $335/MWh wide price band in the
hour-ending 6 HTR for which there were no offers at all.

To determine the impact of these restatements on the market price, note that in hour-ending
10 on September 6, 2011, the observed Alberta pool price settled at $848.80/MWh based on the
sequence of observed SMPs reported in Table 4 that ranged from $451.97/MWh to $936.74/MWh.
Each of these SMP necessarily corresponds to an offer price in the observed supply curve during
the delivery hour and, as a result of offer prices being locked as of two hours before the beginning
of the delivery hour, an offer price at 7 a.m. for delivery in hour-ending 10 as illustrated in Figure 3.

Table 4: Observed and counterfactual SMPs, hour-ending 10 on September 6, 2011
Time SMP ~ Number of Observed SMP  Counterfactual MP Impact Observed dispatch ~ Counterfactual

set minutes ($/MWh) ($/MWh) ($/MWh) (MW) dispatch (MW)
09:00 3 451.97 124.98 326.99 7,401 7,708
09:03 1 500.00 144.88 355.13 7,412 7,708
09:04 3 850.00 239.66 610.34 7,462 7,765
09:07 5 921.65 315.74 605.91 7,548 7,804
09:12 1 924.38 331.84 592.54 7,578 7,823
09:13 5 936.74 673.63 263.11 7,788 7,867
09:18 3 926.00 451.97 474.03 7,680 7,852
09:21 4 924.38 331.84 592.54 7,578 7,823
09:25 2 890.00 308.07 581.93 7,512 7,766
09:27 33 850.00 239.66 610.34 7,462 7,765
Full Hour 60 848.80 295.43 553.37 7,515 7,782

The level of dispatch while the observed SMP prevailed is the sum of all volume offered at
prices less than or equal to the observed SMP. The counterfactual SMP is then found by:

1. Drawing residual demand curve, with the method as described in section 5.3, such that
it intersects through the observed market equilibrium.

2. Reading up the counterfactual supply curve, until it intersects the residual demand
curve, and recording the market price and dispatch. The level of market demand and the
counterfactual SMP are recorded in Table 4.

3. Finally, the counterfactual pool price is calculated as a time-weighted average of coun-
terfactual SMPs.

Specifically illustrated in Figure 3, in the thirty-three minute long period from 9:27 to
10:00 a.m. the observed SMP was $850/MWh, with market dispatch equal to 7,462 MW, whereas
the counterfactual SMP was $239.66/MWh. Over the whole delivery hour, counterfactual SMPs
ranged from $124.98/MWh to $673.63/MWh. The counterfactual pool price is found to be $295.43/
MWh, which is 65% lower than the observed pool price of $848.80/MWh.
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In other words, the effect of offer price restatements following the publication of the HTR
that revealed that in the most recently ended delivery hour there was a limited number of offers
between $100/MWh and $620/MWh, and none at all above this range until $955.65/MWh, was to
raise the pool price by about 3 times or 187%.

6.2 The six-year period from 2010 to 2015: 52,584 hours

Table 5 reports the average observed and counterfactual prices for the 52,584 hours in the
six-year period from 2010 to 2015 as a whole and annually. Table 6 reports the average restatement
impact, as well as statistics about the fraction of hours in which the restatement impact was zero,
positive, or negative. The results of Wald tests that consider whether the average restatement impact
is positive are also reported for each time period. Further details on the covariance matrix assump-
tions are provided in section 7.

Table 5: Summary statistics regarding the observed and counterfactual pool prices

Observed pool price ($/MWh) Counterfactual pool price ($/MWh)
Year N Mean Sd. Dev Mean Sd. Dev
2010-2015 52,584 59.06 132.74 56.58 127.26
2010 8,760 50.88 88.74 50.09 87.49
2011 8,760 76.22 164.21 73.82 160.12
2012 8,784 64.32 148.87 62.52 146.24
2013 8,760 80.19 169.50 76.06 163.63
2014 8,760 49.42 104.47 46.43 92.74
2015 8,760 33.34 86.51 30.53 74.71

The average observed and counterfactual pool prices over the six-year period are $59.06/
MWh and $56.58/MWh, respectively. The average price difference for the six-year period is $2.48/
MWh, which is equal to 4.2% of the average observed pool price. This means that the average
effect on the pool price of the restatements that occur after the final HTR is published is to raise
the pool price by $2.48/MWh, or 4.2%. This result is statistically significant with greater than 99%
confidence. The quantity weighted average price difference for the six-year period is slightly higher
($2.67/MWh), since, as explored further in section 7.2, price increases generally occur during higher
demand hours.

The average observed pool price was greater than the counterfactual pool price in each of
the six years of the study period. The annual average price difference ranged from a minimum of
1.6% in 2010 to a maximum of 8.4% in 2015. The average price difference is statistically greater
than zero at a 95% confidence in all years.

Table 6: Summary statistics regarding the restatement impact

Mean Std.dev. Diff. (% of 95% conf. interval Wald test HO:
Year ($/MWh)  ($/MWh) observed) %>0  %=0 %<0 of the mean mean=0 (p-value)
20102015 2.48 31.39 4.2% 14% 63% 23% 1.96 to 3.01 0.0000
2010 0.79 13.70 1.6% 9% 72% 19% 0.09 to 1.50 0.0279
2011 2.40 29.87 3.1% 13% 66% 21% 1.35t03.44 0.0000
2012 1.79 22.74 2.8% 16% 63% 21% 1.19t0 2.40 0.0000
2013 4.13 34.53 5.1% 19% 57% 24% 2.84t05.42 0.0000
2014 2.99 39.76 6.0% 14% 57% 29% 1.15t0 4.83 0.0015
2015 2.81 39.19 8.4% 12% 63% 26% 1.26 to 4.36 0.0004
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The results also indicate that the observed and counterfactual pool prices are the same
in 63% of hours over the six-year period. This partially reflects the fact that restatements may not
have occurred after the final HTR was published. The restatement impact indicates prices are higher
(positive) in 14% of hours and lower (negative) in 23% of hours. Despite being fewer in number, the
restatement impacts that result in higher prices are larger than those that result in lower prices and
as such the average impact higher prices.

On the basis of these results, it is concluded that the effect of the publication of the HTR
was to reduce the competitiveness of the Alberta electricity market. Put differently, the publication
of the HTR provided information that enhanced the ability of market participants in Alberta’s elec-
tricity market to unilaterally exercise market power by allowing them to learn about their competi-
tors’ offer strategies.

6.3 The impact on the aggregate value of electricity

The higher pool prices that resulted from the publication of the HTR raised the value of
electricity that was consumed by consumers. Given that the increase in pool prices persisted over a
long period of time, it is reasonable to expect that it also influenced forward prices for electricity and
thus would have impacted even those customers who engaged in forward trades to hedge exposure
to the pool price. Also, some consumers own generation assets. While they would therefore have
hedged at least some of their exposure to the pool price, the higher pool prices that resulted from the
HTR raise the opportunity cost of their consumption.

Table 7: Restatement impact on the aggregate value and quantity of electricity consumed
Alberta Internal Load (TWh)

Mean impact Load change Impact on electricity
Year ($/MWh) Observed Counterfactual (GWh) value ($ millions)
2010-2015 2.48 458.6 458.7 -114.1 1,139.38
2010 0.79 71.7 71.7 -8.3 57.01
2011 2.40 73.6 73.6 —-15.5 176.55
2012 1.79 75.6 75.6 -20.5 135.56
2013 4.13 71.5 77.5 -38.1 319.61
2014 2.99 79.9 80.0 -7.6 238.85
2015 2.81 80.3 80.3 —24.1 225.42

Alberta Internal Load is a broad measure of demand for electricity in the Alberta market.
Yearly total Alberta Internal Load, measured in TWh, is reported in Table 7 (which also reproduces
the mean restatement impact from Table 5). The impact of the HTR on the aggregate value of elec-
tricity consumed in Alberta is the product of the price impact of the HTR and the Alberta Internal
Load. As reported in the table, the aggregate value of electricity consumption in Alberta during the
six-year period increased by approximately $1.14 billion as a result of the publication of the HTR.!¢

7. ADDITIONAL ECONOMETRIC RESULTS

The previous section discussed the average restatement impacts in different timeframes.
Beyond that, it is also of interest to understand if and how restatement impacts vary systematically
with market conditions and time period.

16. Mathematically, the sum of the six annual products ($1,153 million) does not have to equal the single product for the
whole study period ($1,139 million) but are quite close in value.
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With time series data, autocorrelation and heteroskedasticity is a particular concern.
Durbin-Watson tests of the following linear regressions would all reject the null hypothesis that
the autocorrelation of the disturbances is zero. Therefore, throughout this section, Wald tests are
used to determine the significance of the estimated coefficients. The tests use heteroskedastic and
autocorrelation consistent (HAC) covariance matrix estimators that are derived using Bartlett kernel
weights, pre-whitening, and automatic bandwidth selection as described in Newey and West (1994).

7.1 Supply cushion effect

The supply cushion is defined as the quantity of available but unutilized (for energy or
operating reserves) capacity in the energy market merit order. It is a simple measure of supply and
demand conditions in the market. When the supply cushion is relatively large, the market has large
amounts of available but unutilized generation capacity and there is unlikely that any firm will have
substantial market power. Under these conditions, the market price is likely to be approximately
equal to the marginal generator’s marginal cost of production. The publication of information about
competitors’ recent offers is unlikely to change this. As a result, when the supply cushion is rela-
tively large, the average restatement impact is likely to be close to zero."”

If the information contained in the HTR facilitates learning that allows for the increased
exercise of unilateral market power, some amount of market power must exist independent of the
HTR for the HTR to have any effect. As the supply cushion falls and market conditions tighten,
market power is likely to appear independently of the HTR.!® Under these conditions, the average
restatement impact may become positive. However, as the supply cushion reaches very low levels
and converges to zero, a combination of market power, scarcity, and high marginal cost is likely to
cause the market price to rise toward the market price cap. Since the information contained in the
HTR is not fundamental to this outcome, the average restatement impact is also likely to fall to zero.

Thus, if the HTR has the effect of facilitating learning that allows for the increased exercise
of market power, it should be expected that the average restatement impact will be zero at relatively
high supply cushion levels, become increasingly positive as the supply cushion declines, and then
decrease to zero again as the supply cushion converges to zero. There would be a highly non-linear
relationship between the restatement impact and the supply cushion.

There is a substantial amount of noise in high frequency electricity market data. To mea-
sure the relationship between restatement impacts and the supply cushion, a set of 200 MW-wide
supply cushion bins that cover the entire range of observed supply cushions is defined. Each hour
in the data set is then allocated to the appropriate bin and a set of indicator variables is defined. Fi-
nally, the restatement impact is regressed on the set of supply cushion indicator variables. With the
constant suppressed, the resulting coefficient and 95% confidence interval for each supply cushion
bin is illustrated in Figure 5. The estimates can be interpreted as the mean restatement impact for a
given supply cushion bin because the constant was suppressed.

The estimates illustrated in Figure 5 are consistent with the expectations described above
about the HTR facilitating learning that allows for the increased exercise of market power. Further,
the figure makes plain that the relationship between the supply cushion and restatement impact is
highly non-linear.

17. Imports are not dispatchable within the delivery hour except under emergency circumstances. As a result, available but
unutilized import capacity does not contribute to the supply cushion. As imports are held constant in this section, the import
supply function methodology from section 5.2.2 is not employed here.
18. As explained in Brown and Olmstead (2017), as market conditions tighten, the ability for market participants to exercise
market power is enhanced. The HTR was not considered in that paper.
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Figure 5: 95% confidence intervals for restatement impact by supply cushion bin
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7.2 Hour-of-day effect

Demand for electricity varies systematically across the hours of the day and is generally
higher in the daytime than in the night-time. This pattern persists even though there is clear season-
ality to electricity demand. Between these periods, demand will either increase or decrease. Since
the ability to change a generator’s level of production (so-called ramp rate) is not infinite, aggregate
supply may also be constrained in these periods, especially when demand is increasing.

Following the argument in the previous section, it is expected that the average restatement
impact will be higher in hours with (i) high or (ii) increasing demand. The reason is that it is during
these periods that supply limitations (either the level or the ability to increase the level) are likely to
give rise to market power.

The level of market price is likely to be correlated with the level of demand as well. This
effect is likely to be strongest in the short-term when commitment decisions limit the amount of sup-
ply that is available. However, since economic agents are forward-looking, profit-seeking suppliers
will commit more generation capacity when they expect demand to be higher. As a result, it is our
experience that a measure like the supply cushion (the amount of available but unutilized supply) is
far more likely to be related to the market price than the level of demand itself (to some extent, all
of these variables are co-determined). It is for these reasons that hour-of-day (hour-ending or HE)
fixed effects in considered, rather than the level of demand.

Measuring the relationship between restatement impacts and hour-ending is more straight-
forward than the analysis in the previous section because hour-ending is a discrete variable. Here,
the restatement impact is regressed on a vector of hour-ending indicator variables. With the constant
suppressed, the resulting coefficient and 95% confidence interval for each hour-ending is illustrated
in Figure 6.
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Figure 6: 95% confidence intervals for restatement impact by hour-ending
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Hour Ending

The restatement impact is statistically greater than zero in hour-ending 7 through 22. These
results are consistent with the expectations described above that the restatement impact is likely
to be larger in hours with (i) high or (ii) increasing demand. In Alberta’s electricity market, high
demand hours are typically hours-ending 11 through 21 and increasing demand hours are typically
hours-ending 7 through 10.

As expected, the restatement impact is not statistically different from zero in any of the
other hour-endings with the exception of hour-ending 4 and 24, where the restatement impact is
statistically negative. However, as Figure 6 illustrates, the estimate is less than $1/MWh and there
is very little variation. This is consistent with there being little market power to act on in the middle
of the night.

Taken together, these results are consistent with the expectations described above about
the HTR facilitating learning that allows for the increased exercise of market power in hours with
(1) high or (ii) increasing demand. These are the periods where supply limitations are likely to give
rise to market power.

7.3 Hour-of-day and yearly effects

Recall that the results in Table 6 indicate that average restatement impacts vary across
years. Since yearly variation may be due to macroeconomic factors that affect the market over
lengthy periods of time, for example the commodity price downturn around 2014, year fixed effects
can be used to account for these effects in a simple regression analysis. The equation takes the fol-
lowing form:

2015 24
Impact, = o + Z B Year, + Z&hHourEndinght +¢, 3)
y=2011 h=2
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where 7 indexes the 52,584 hours in the data set and Year,, and HourEnding,, are indicator variables
for year and hour-ending, respectively.

The results of regressing the restatement impact on a set of hour-ending and yearly indi-
cator variables is reported in Table 10. The year 2010 and the hour-ending 1 indicator variables are
the ones that were omitted. The results indicate, for instance, that the average restatement impact
in hour-ending 12 is $8.14/MWh and that this result is statistically significant at the 99% level of
confidence. The estimate for later in the day, for example hour-ending 17, is $5.86/MWh and is
statistically significant at the same level of confidence. Regarding the yearly fixed effects, the year
with the largest difference from 2010 is 2013, when the average restatement impact was $3.33/MWh
larger (in hour-ending 1) which is statistically significant at the 99% level of confidence.

These results confirm the findings above that, in the case of yearly effects, there is statisti-
cally significant variation across years. The variation and statistical significance of the hour-ending
fixed effects is also consistent with the results above. Taken together, the results are consistent with
the HTR facilitating learning that allows for the increased exercise of market power.

8. CONCLUSION

This paper considers the effect of the sharing of offer price information on the ability of
non-cooperative producers to exercise unilateral market power in Alberta’s hourly electricity mar-
ket. This market is an hourly auction characterized by repeated interaction among a small number of
producers, common knowledge of costs and production capabilities that are fixed in the short-run,
and highly predictable and price inelastic demand. For the period July 13, 2000 to May 18, 2017,
offer prices for a given hour were published by the market operator, called the Alberta Electric Sys-
tem Operator (AESO), in a report called the Historical Trading Report (HTR) about 5 to 10 minutes
after the end of the hour.

Since non-cooperative game theory can support multiple equilibria in the context of a re-
peated game such as an hourly electricity auction, whether the publication of the HTR in the context
of the specific facts of the Alberta electricity market increases or decreases competition is the em-
pirical question, and is considered in this paper. Using counterfactual analysis on six years of data
from 2010 to 2015—52,584 hours with total energy consumption of greater than 400 TWh—that
removes the changes to offers for the next hour for which restating offers is allowed following the
most recent publication of the HTR, the paper finds that the effect of these offer price changes was to
raise the average hourly price for electricity in Alberta by $2.48/MWh or about 4.2%. This raised the
aggregate value of electricity consumption in Alberta during the six-year period by approximately
$1.14 billion.

Further econometric analysis indicates that the impact of restatements increases as market
conditions tighten, except when supply is nearly exhausted in which case prices are and would be
very high with or without the HTR, and in periods where there is likely to be more market power,
specifically the middle of the day and morning ramping up hours. These results are consistent with
the HTR facilitating learning that allows for the increased exercise of market power.

It was on the basis of an earlier version of these results that the Market Surveillance Ad-
ministrator, Alberta’s electricity market monitor, filed an application with Alberta’s electricity mar-
ket regulator on December 2, 2015 seeking an order directing the AESO to cease publication of
the HTR (or at least modify it substantially).!” On May 17, 2017, the Alberta Utilities Commission

19. Market Surveillance Administrator (2015) and Olmstead (2015).
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granted the Market Surveillance Administrator’s application and ordered the AESO to cease publi-
cation of the HTR.? Publication of the HTR ceased on May 18, 2017.

Information about current or recent producer offer strategies is not commonly available
in other liberalised electricity markets. While this paper focuses on the release of certain offer in-
formation in the Alberta electricity market, the results suggest that other electricity markets should
continue to be cautious about releasing offer information.

Finally, the database used in this study contained data over the time period 2010 to 2015.
Given that publication of the HTR ceased in 2017 and the effect of the Balancing Pool began to
lessen in mid-to-late 2018 (and is expected to disappear altogether at the end of 2020), it would be
interesting to revisit this analysis once additional market data have accumulated after this time using
a different methodology.
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APPENDIX

Table 8: Instrumental variables estimation of hourly price-responsive demand function

Lagged-price Supplyshifters
OLS First-stage GMM First-stage GMM

Depn. var.: Q, In(1+price) Q, In(1+price) Q,
In(1+price) —33.670%** —41.335%%* —31.928%***

(1.018) (2.054) (1.775)
HDH,,, —0.996** 0.002 —0.953** 0.019%** —0.946%*

(0.397) (0.005) (0.410) (0.004) (0.372)
HDH?,, 0.016* 0.00005 0.016* —-0.0001 0.015%

(0.008) (0.0001) (0.009) (0.0001) (0.008)
HDH_,, 1.267%** —0.009* 1.125%** —0.026%** 1.242%%%*

(0.371) (0.005) (0.378) (0.005) (0.357)
HDH?, —0.023** 0.0005%** -0.017* 0.001%%** —0.023%%**

(0.009) (0.0001) (0.009) (0.0001) (0.009)
CDH,,, 0.223 0.033 0.571 0.042* -0.061

(0.961) (0.023) (0.976) (0.023) (0.952)
CDH?,, —0.362%** 0.006* —0.297%** 0.007** —0.365%**

(0.110) (0.003) (0.110) (0.003) (0.111)
CDH,, 0.266 0.037 0.668 0.048%* 0.219

(0.963) (0.023) (0.958) (0.023) (0.969)
CDH,,, -0.014 —0.0005 —-0.017 —0.0003 -0.010

(0.113) (0.003) (0.113) (0.003) (0.113)
Weekday —17.284%** 0.156%** —15.850%** 0.299%%*%* —17.559%**

(1.263) (0.017) (1.326) (0.017) (1.245)
Holiday 7.199%* —0.193%** 6.407** —0.316%** 7.353%%*

(3.045) (0.045) (3.046) (0.041) (3.032)
In(p"©) 20.051%** 0.306%*** 24.292%%%* 0.558*** 17.815%**

(5.285) (0.060) (5.474) (0.059) (4.800)
In(1+p, ,,) 0.376%**

(0.016)
Capacity Avail. —0.00 1 ***
(0.00003)
Wind Prod, —0.0002%***
(0.00004)

Constant 369.156%** 1.367*** 386.499%** 8.258%** 366.629%**

(9.009) (0.109) (10.244) (0.259) (8.897)
Controls Yes Yes Yes Yes Yes
Excl. Inst. F-stat: 566.74%** 438.15%**
Observations 52,070 52,046 52,046 52,070 52,070
R? 0.455

Note: Controls for year, month, and hour-ending. * p<0.1; ** p<0.05; *** p<0.01.
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Table 9: Instrumental variables estimation of hourly import supply functions

Saskatchewan British Columbia/Montana
OLS First-stage GMM OLS First-stage GMM
Depn. var.: i In(1+price) o a In(1+price) o
In(1+price) 11.260%%** 21.442%%* 23.489%%* 177.120%%*
(0.921) (3.469) (3.630) (14.536)
HDH; 0.855%*%* 0.014%** 0.799%** 14.863%** —0.049%** 21.793%**
(0.279) (0.005) (0.285) (2.214) (0.011) (2.855)
HDH; —0.012%** —0.0003 %% —0.015%** —0.442%** 0.001*%* —0.828%**
(0.005) (0.0001) (0.005) (0.091) (0.0004) (0.114)
CDH, —1.024 -0.010 —1.799* 18.826%** 0.0003 3.011
(0.948) (0.019) (1.013) (5.802) (0.029) (7.367)
CDH; 0.035 0.005%* -0.011 -0.246 -0.002 -0.012
(0.100) (0.003) (0.115) (0.884) (0.005) (1.091)
Weekday 1.068 0.1971 %% -0.776 34,132%%* 0.195%%%* 5.900
(1.717) (0.021) (1.912) (6.422) (0.021) (7.268)
Holiday -2.561 —0.282%** 0.989 —38.151** —0.282%#* 14.609
(4.456) (0.051) (4.326) (17.988) (0.051) (19.550)
HDH,,, 0.003 0.016**
(0.006) (0.006)
HDH,_,, —0.023%** —0.014**
(0.006) (0.006)
HDH?,, 0.0002 —0.0001
(0.0001) (0.0001)
HDH?, 0.00] *** 0.001*%**
(0.0002) (0.0002)
CDH,,, 0.047* 0.048*
(0.026) (0.027)
CDH_, 0.045 0.048*
(0.028) (0.027)
CDHZ,, 0.007* 0.009%**
(0.004) (0.004)
CDH_, -0.002 0.0001
(0.004) (0.004)
Constant —30.732%%* 2.849%#* —58.592%** —124.544%%%* 3.155%%* —649,128%**
(6.387) (0.106) (11.549) (24.672) (0.112) (56.314)
Controls Yes Yes Yes Yes Yes Yes
Excl. Inst. F-stat: 27.42%%%* 40.83%**
Observations 52,070 52,070 52,070 52,070 52,070 52,070
R? 0.295 0.415

Note: Controls for year, month, and hour-ending. * p<0.1; ** p<0.05; *** p<0.01.
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Table 10: Regression analysis of time
fixed effects on restatement

impact
Dependent variable:

Impact ($/MWh)
Year 2011 1.604** (0.660)
Year 2012 0.999%* (0.481)
Year 2013 3.332%%* (0.770)
Year 2014 2.193** (1.029)
Year 2015 2.014** (0.896)
HE 02 —0.126 (0.138)
HE 03 0.070 (0.172)
HE 04 —0.030 (0.166)
HE 05 0.023 (0.176)
HE 06 0.115 (0.212)
HE 07 1.005%*** (0.374)
HE 08 1.547%%*% (0.411)
HE 09 1.390%*** (0.471)
HE 10 2.093*** (0.660)
HE 11 5.638%** (1.026)
HE 12 8.140%%%* (1.292)
HE 13 4.964*** (0.968)
HE 14 4.048*** (0.918)
HE 15 6.032%** (1.092)
HE 16 5.000%** (1.092)
HE 17 5.858%** (1.115)
HE 18 3.341%*%* (0.877)
HE 19 4.382%** (0.987)
HE 20 2.432%** (0.675)
HE 21 1.895%** (0.566)
HE 22 1.159%* (0.478)
HE 23 0.507 (0.308)
HE 24 1.025%* (0.439)
Constant —1.726%** (0.417)
Observations 52,584
R? 0.007
F Statistic 4.9023%%*

Note: * p<0.1; ** p<0.05; *** p<0.01.
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