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Abstract

This paper demonstrates how Enron et al. gamed the electricity market in Western North America.  Using previously unavailable data, we examine the role of electricity traders in terms of knowledge-based behavior.  We show how electricity prices were influenced by 1) institutional knowledge, 2) common knowledge, 3) market monitoring and modeling, 4) forbearance from competing and explicit cooperation and 5) published emergency conditions.  This data supports the view that common knowledge of rationality enabled gaming as predicted by Robert Aumann.   

INTRODUCTION
In 1999 electricity traders’ in the Western United States exercised some market power (CAISO 1999), but in May of 2000 a major shift in the cost curve dramatically increased all wholesale prices (Marcus 2000, McCullough 2001), and by that summer prices climbed almost 500% (Joskow and Kahn 2002).  By 2002 this crisis caused the signing of many high-priced power contracts, the bankruptcies of Enron, Pacific Gas & Electric, and Mirant Corporation, sustained high electricity prices (Sweeney 2002) for entities such as Boeing Aircraft, General Motors, Kaiser Aluminum, and Silicon Valley itself, and a halt to competitive energy reform (Weaver 2004).  Several investigations and reports resulted from the crisis
 (e.g., California 2005, FERC 2003, Sweeney 2002).  


Presumed in competition is that traders select bidding strategies independent from one another.  In contrast, a market with complete information assumes traders know about the behaviors and the actions of other traders.  With common knowledge, traders know they are in an environment where other traders have mostly the same facts, information, and skill.  With either complete information or common knowledge, price-taking behavior among traders would be unnatural, as each trader would exercise market power and act strategically to increase prices rather than take prices as given.  With repeated trading actors acquire more knowledge about how others react to behavior in the market and the environment becomes more certain.  The theory is that regardless of the initial trader behavior, the beliefs of market rivals converge; the result of common knowledge is that traders cooperate (Aumann 2000b).  

Traditional economics fails to explain the large gap between actual electricity prices and benchmark competitive prices.  (Hildebrandt 2002, Joskow and Kahn 2002)  Standard theory in industrial organization predicts some market gaming (Tirole 1988).  When a new market opens, trader knowledge is incomplete but its knowledge base evolves.  Game theory has offered little to explain electricity trader behavior (Woychik and Carlsson 2004).  This gap and the repeating markets problem that predicts cooperation (Aumann 2000b, Rothkopf 1999) motivate an analysis of knowledge-based behavior.  Game theory suggests that with greater knowledge, in essence, deterministic outcomes result from common knowledge of rationality (Aumann 1973, 1976, 2000a, 2000b).  With more market knowledge the competitive dominance needed to maintain downward pressure on prices is lessened (Rapoport and Amaldoss 2000).     


This paper examines the role of electricity traders in terms of knowledge-based behavior.  The central objective is to determine whether, and if so, how much trader knowledge contributed to electricity price increases (decreases) in California in 2000.  Based on previously confidential data, this paper explains how trader acquisition of knowledge rendered the competitive market impotent in 2000.  The paper is organized as follows. The first section provides an overview of electricity restructuring and traders in the electricity market.  This is followed by a literature review on trader actions, repeating games, and game theory precepts.  The third section outlines game theory and common knowledge in practice.  Fourth is a description of the variables used and the hypotheses.  The fifth section presents the methodology, model, analysis strategy, and results.  And sixth, the results are discussed.  The conclusion is that with repetition, institutional knowledge, and common knowledge of rationality, traders cooperate to exercise market power, thus decoupling market supply and demand.  

OVERVIEW

Proposed causes for market failure abound, even in wholesale electricity markets considered to be well–structured (Woo, Loyd, and Tishler 2003).  Specific market games have been described in reports (California 2005, FERC 2003, Hildebrandt 2002).  The literature points to problems with lack of long-term contracts (Bushnell 2004).  A consensus exists that without customer demand-response, electricity prices can be volatile such that traders will succeed in games to manipulate market prices for mutual gain (Bushnell 2004, Stoft 2002, Wilson 2002).  Yet, there is little academic literature about the practice of market gaming in connection with the knowledge-based behavior of traders such as Enron, though this behavior corrupted electricity competition across Western North America.  In terms of actual market operation, workable competition is commonly thought of in terms of each trader facing fixed prices set by an anonymous and exogenously-specified market (Samuelson 2004, p. 386).  To ensure adequate downward pressure on prices, anonymous market traders need to interact in a market that is exogenous.  But this foundational theory has largely been ignored.  The electricity market rules enabled, if not compelled, traders to engage in gaming.  With this hindsight, given repeated market transactions, close proximity of traders, and a rich information environment (Gulati 1995, Skrzpacz and Hopenhayn 2004), the existence of anonymous and exogenously specified electricity market equilibria is simply unlikely.  Some analysts hold on to the naive assumption that the prerequisite to ensure competition is a sufficient number of sellers.
  Absent, however, is dialog or research on the knowledge base of traders.  

Game theory is applied in experiments and in some instances to analyze electricity prices (Hogendorn 2003, Macatangay 2002, Spear 2003, Xing and Wu 2001).  Major gaps exist both in the translation of game theory into practice and in the use of game theory in empirical analysis of the knowledge constructs that form price-related games.  As traders amass knowledge it appears that competitive forces devolve.  High levels of market knowledge eliminate anonymous bidding and exogenously defined market prices. This bodes to diminish competitive dominance and increase forbearance from competing.  This logic, recognized in game theory (Aumann 2000b), is consistent with the view that the success of competition is linked to the existence of incomplete information (knowledge).  Claims were that electricity supplies in California were insufficient in 2000, and that this was the source of the crisis (Sweeney 2002).  Others suggest, however, that electricity markets are subject to tacit collusion facilitated through both frequent interaction and intimate understanding of rival cost structures (Macatangay 2001 p. 338).  Competition pushes traders to bid their short-run marginal costs (Wolfram 1999).  Deviations from this enable trader price-mark-up.  In 2000, western electricity competition failed (Borenstein, Bushnell, and Wolak 2002, Joskow and Kahn 2002), further enabling Enron style games.  The Federal Energy Regulatory Commission accused Enron and other traders of market gaming (FERC 2003, Hildebrandt 2001), examples of which are shown in Table 1. 
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Each of the games and the terms in Table 1 were developed by Enron, used in Enron’s internal correspondence, and used with its trading partners to implement joint games.

RELATED LITERATURE

In most competitive electricity markets, prices are determined based on bids submitted by traders (Woo, Lloyd, and Tishler 2003, Eydeland and Wolniec 2003).  Negotiated bilateral contracts are the primary alternative to bid-based markets.  Opportunism is possible in both.  Traders accumulate knowledge to predict what the market will bear, allocate risk, arbitrage differences between markets, gain advantage (Geerli 2003, Kaminsky 1999), and construct forward price curves (Fleten and Lemming 2003) consistent with bid strategies to increase market prices (Green and Porter 1984).  Both tacit (Skrzpacz and Hopenhayn 2004) and express cooperation may result (Chakraborty and Yilmaz 2004, Dutta, Nouweland, and Tifs 1998).  Many widely used electricity market models are based on oligopoly outcomes (Borenstein and Bushnell 1999, Fabra and Toro 2005) or supply equilibrium behavior (Green and Newbery 1992).  Other models evaluate price-cost markup (Barmack 2003, Sheffrin 2001, Wolfram 1999), transmission constraints (Hogendorn 2003, Joskow and Tirole 2005, Younes and Ilic 1999), and tacit collusion (Bunn and Oliviera 2003, Macatangay 2002, 2001, Song et al 2003, Spear 2003).  Wolfram (1999) explains how oligopoly and supply equilibrium models fail to address the full mechanics of price-cost markup.  Corts (1999) shows how price-cost mark-up is properly estimated and the problems with underestimating conduct parameters. Puller (2001) poses advantages with dynamic market models to avoid underestimating tacit collusion.  Bunn and Oliveira (2003) focus on agent-based simulation.  Still, empirical analysis is lacking about game theory in repeating markets.  


The body of theory on repeating games has emerged as a benchmark paradigm (Kungl 2005) but it has not been applied empirically to the practice of electricity markets.  Robert Aumann describes how familiarity among players evolves to the exchange of common prior experiences and to common knowledge of rationality (Aumann 1998, 2000b, Samuelson 2004).  Related, the generalized folk theorem holds that with repeating games tacit cooperation is expected and can be maintained (Abru, Dutta, and Smith 1994, Fudenberg, Levine, and Maskin 1994).  “The folk theorem shows that repetition enables cooperation;” even more importantly, it implies that “repetition necessarily leads to cooperation, which is quite a different matter.”  (Aumann 2000a p. 318)  This supports Axelrod’s findings that strategies like tit-for-tat enable cooperation to evolve without express communication (1984).  More generally, market failure is said to exist when any of the conditions of the First Fundamental Theorem of economics are not satisfied (Arrow 1951).  As Ledyard explains, to avoid distortions to competitive behavior, assurances are needed that all agents are limited in terms of both resources and information (Ledyard 1987, pg. 188).   To counter these influences, a strategy-proof market requires that each trader’s bidding strategy be invariant with other traders’ strategies (Satterthwaite 1987).  Still, traders seek to have knowledge with certainty about the preferences and expectations of other traders – to be well informed -- in order to diminish competition and increase profits.  In market design this represents the inevitable tension between a market structure that enables competition and one that does not.   
COMMON KNOWLEDGE IN THEORY AND IN PRACTICE

The Theory of Common Knowledge of Rationality
The basis for the theory of common knowledge of rationality is summarized as the condition that everyone knows that everyone else also knows how market players will behave among the intelligentsia.  The theoretical basis for common knowledge of rationality is found in six related propositions (Samuelson 2004, pp. 373-98):

· Harsanyi doctrine; two agents whose information and experiences are identical…should have identical beliefs, and have the same prior experiences.

· If previous experience among agents is common, as when agents share a common prior, then their beliefs will converge in a finite number of steps
.

· With recognition of common knowledge, acquiescence among agents becomes a dominant strategy, contrary to the standard economic assumption that competitive dominance prevails (Aumann 2000b).

· Common knowledge of rationality compels a set of strategies that survive from iterated elimination of strictly dominated strategies.

· Common knowledge and prior market beliefs produce a correlated equilibrium outcome (Aumann 1987, 1998, Foster and Vohra 1997, Solan 2002).

· Common knowledge of rationality ensures the backward induction solution is applied, which relies on a reconstruction of previous knowledge.
 

California Practice to Distribute Common Knowledge

Every day the California Independent System Operator (CAISO) conveys to traders a large body of common knowledge in a multi-megabyte computer download on the Western electricity market.
  All traders also receive, in near real time, high priority notifications about power demand, grid constraints, and market conditions.  Traders routinely communicate with each other by phone, Instant Messenger, and other electronic means to trade power, request transmission access, and schedule power transactions.  Over 100 trading entities in the Western United States interact repeatedly each day with each other, CAISO, and private over-the-counter energy markets.  Trader knowledge transfer results in familiarity and forms a currency to advance mutual aims, reduce uncertainty, share resources, and sustain advantage.  Covertly, traders also share power schedules, plant availability, electricity prices, and other market information. (California 2005, FERC 2003)  Accumulated trader knowledge is expected to result in (1) tacit cooperation to undermine competition, (2) implicit cooperation among traders that choose best responses to historical actions (Fudenberg and Kreps 1993), and (3) explicit cooperation (Aumann 2000b) for example in bidding rings. (McAfee and McMillan 1992).  This knowledge reduces gaps in trader information leaving less to outright guess.  

DEVELOPMENT OF VARIABLES AND HYPOTHESES

This paper uses four elements to extend previous analyses of competitive electricity markets.  First, the analysis relies on newly available data from trader dialogs, email, and documents made public in the Enron investigations.  Second, specific game theory precepts are used to refine the specification of knowledge variables.  Third, we use ethnographic coding of the trader information to calibrate specific scale variables. (See Appendix 1)  Finally, we employ four dependent variables to better represent the electricity products traded and to capture trader behavior in different markets.
Knowledge Variables

Initial research was based on interviews with market experts using grounded theory (Glaser and Strauss 1999).  More data was collected from energy trader dialogs, email, and correspondence resulted in a large set of variables.  These variables were condensed to avoid redundancy and reflect specific game theory precepts, resulting in the following:  

· Institutional knowledge from administrative sources that is passed to traders (Bunn and Oliveira 2003, Guersnerie 2002, Green and Porter 1984, Vives 1999).

· Familiarity resulting from repeated correspondence and ongoing transactions (Axelrod, 1984, Ma 1998, Gulati 1995, Vives 1999). 

· Ongoing trader knowledge-transfer from repeated two-way sharing or multi-party sharing (Rothkopf 2002, Skrzpacz and Hopenhayn 2004). 

· Routine sharing of common priors that reflect common trader experience in markets (Aumann 1998, Fudenberg and Kreps 1992, Nielson 1990).

· Common knowledge of rationality (Aumann 2002b, Guersnerie 2002, Samuelson 2004) reflected in trader market knowledge about expected market interactions.

· Market monitoring and modeling (DiMaggio and Powell 1983, Kaminski 1999) to calculate, calibrate, and forecast market variables and explain price curves.  

· Forbearance from competing (Li and Greenwood 2004, Phillips 1992).

· Explicit cooperation between market participants (Axelrod 1984, Phlips 1988).

The above variables were used to code trader documents (See Appendix 1).  We note that the seventh variable, forbearance from competing, reflects knowledge that competitive dominance is not the preferred strategy, as it indicates a trader’s decision to cease competing.  Closely related is the knowledge that competitive dominance lowers profits (Katok, Sefton, and Yavas 2002, Mizruchi and Fein 1999, Rapoport and Amaldoss 2000).  Samuelson explains that simply knowing that strictly dominated strategies will be eliminated tells us a great deal (2004, p. 390).   

Market Variables

In 2000 the trading of electrical energy, the primary commodity, was facilitated by both the California Power Exchange (CAPX) and the CAISO.  The trading of electrical capacity, called ancillary services, to maintain system-wide reliability, was facilitated only by CAISO.  Trading of different combinations of electricity products at any one time was commonplace.  This analysis compares the results of four related dependent variables that represent the main actively traded electricity products.  The initial dependent variable, day-ahead prices (DAPrices) is based on a composite (average) of the two most often recognized price vectors, the CAPX Day-Ahead market price (MCP_u) and the CAISO Day-Ahead Ancillary Service price (ASDaily).  The second dependent variable is MCP_u by itself.  The third dependent variable is ASDaily by itself.  The fourth dependent variable, SpotPrices, is a composite of CAISO prices for Real-Time Zonal energy, Hour-Ahead ancillary services (ASHourly), and Out-of-Market (OOM).  These dependent variables capture the major market impacts analyzed.  

Three additional variables rely on CAISO data.  The first is a variable to reflect CAISO-administered price caps (PriceCap).  The second variable, Emergency; reflects CAISO notices – Stage 1, Stage 2, or Stage 3 emergency -- when operating reserve capacity drops below the required 7.25 %.  CAISO emergency notices amount to specific market knowledge passed to traders.  And third, the control variable GasPrice reflects the primary fuel input to thermal electricity production in the West.   Importantly, the model also uses a control variable for average hourly price-cost markup. (California 2005)  The price-cost mark-up variable captures gaming behavior previously studied (Borenstein, Bushnell, and Wolak 2002, Hildebrandt 2001, Joskow and Kahn 2002, Puller 2001, Wolfram 1999) but largely ignores knowledge.  The actual electricity prices used in this analysis reflect the opportunity costs in short-term electricity markets.  Therefore, the analysis controls for electricity demand, natural gas prices, spot prices, and trader price mark-up compared to simulated competitive prices. 
Six Knowledge-Based Variables
The hypotheses tested are based on the six analysis variables summarized in Table 2.  The first five variables are based on trader information and the sixth variable is CAISO Emergency notice.  Hypotheses are then presented to test for the absence (presence) of expected price related impacts.  Two composite variables, Familiarity Group and NoCompete, reduce multicollinearity and increase model integrity.

Table 2: Knowledge Variables
	Knowledge Variable
	Indicator Components
	Analysis Variable 

	Institutional Knowledge
	Institutional Knowledge; CAISO, CAPX, & WECC
  
	Institutional

	Three levels of familiarity among traders
	A composite of Familiarity, Knowledge Transfer, and Common Priors 
	Familiarity Group

	Common Knowledge of Rationality
	Common Knowledge of Rationality
	Common Knowledge

	Market Monitoring & Modeling
	Trader Market Monitoring and Modeling
	MktMonitor

	Forbearance from competing and Cooperation
	A composite of Forbearance & Cooperation 
	No Compete

	CAISO Emergency
	CAISO Emergency notices transmitted to traders 
	Emergency


Institutional Knowledge Transfer Hypothesis 

Institutional knowledge is composed of aggregated and processed information about specific grid and market conditions, including transmission loading levels, plant operating levels, power demand levels, deficits in ancillary services or energy supply, and system shortage conditions.  This knowledge comes from the CAISO, the CAPX, electric utilities, and the WECC.  Other institutional knowledge may come from what appear to be anomalous sources.  For example, a trader may phone and dialog with a highly informed CAPX staff person to gain knowledge about how to more profitably schedule and price power that day.  In addition, because most institutional knowledge is readily transferable between computers, this enables information to be shared and market prices to be analyzed more efficiently and with greater certainty.  Daily institutional market knowledge transmitted by CAISO, CAPX, and WECC becomes an information broadcast of common knowledge to traders.  Trader use of institutional knowledge is indicated in some coded dialogs, reflecting trader analysis and decisions on next period (e.g., hourly) pricing and power scheduling.  This suggests the following:        

Hypothesis 1 -- A positive relationship exists between the institutional knowledge (Institutional) and changes in electricity prices.   

Familiarity, Knowledge Transfer, and Common Priors (Familiarity Group) 
Hypothesis

Familiarity is seen in repeated correspondence and ongoing transactions.  With the repeating nature of the 10-minute, hourly, and daily electricity markets it is likely that familiarity results among traders.  If each trader interaction is rational, even obvious familiarity may contain a motive.  In electricity markets it is predicted, but largely untested, that trader familiarity leads to tacit collusion, such as through tit-for-tat pricing strategies.  The coded variable Familiarity is meant to reflect the observation of repeated correspondence and transactions among traders.  Still it may lack a specific link in time to trader execution of gaming strategies or tactics.  Familiarity recognized in coding may, thus, reflect only a general condition that suggests possible relaxation of competitive dominance.  Like familiarity, knowledge transfer and exchange of common prior experiences are also expected between traders, in light of the repeating nature of sub-hourly, hourly, and daily energy market transactions.  Trader knowledge transfer and trader sharing of common prior experiences may be seen as different degrees of familiarity.  Also like familiarity, the sharing of trader knowledge and of common prior experiences may not coincide with discrete trader decisions to execute related electricity trades.  Accordingly, we use the composite variable Familiarity Group, as follows:     

Hypothesis 2: A positive relationship exists between the composite of the three familiarity-related variables (Familiarity Group) and electricity prices.

Common Knowledge of Rationality  

The common knowledge of rationality variable (Common Knowledge) indicates in-depth knowledge about how traders will respond to prices, market constraints, and other specific conditions.  Common Knowledge, thus, corresponds to the state of trader knowledge about the behavior of other traders.  When Common Knowledge is recognized in coded trader material it reflects knowledge of successful trading opportunities but not necessarily trader execution to tap these opportunities.  Thus, some lag is expected between Common Knowledge and changes in market prices, which suggests:    

Hypothesis 3 -- A positive relationship exists, albeit lagged, between common knowledge of rationality (Common Knowledge) and electricity prices.  

Market Monitoring and Modeling Hypothesis
Trader involvement in market monitoring and modeling (MktMonitor) has less theoretical justification in game theory but is recognized as part of the standard practice of imitating good rivals.  Players within institutional settings seek to reduce uncertainty, gain knowledge about market dynamics, track market rivals, and model best practices (DiMaggio and Powell 1983, Tennent and Friend 2001).  MktMonitor is identified when reference is made to market monitoring and modeling efforts that are used to develop price curves, strategies, tactics, and games.  Thus, it corresponds with decisions to execute power trading transactions in the electricity market and is represented as follows:   

Hypothesis 4 -- A positive relationship exists in the context of other knowledge variables between MktMonitor and electricity prices.  
Forbearance from Competing and Explicit Cooperation Hypothesis 
Both Forbearance and Cooperation reflect trader decisions to cease competition.  Trader forbearance is coded when a trader is found to seek the benefits of cooperation, even implicitly, as when a trader bids very high and expects others to follow suit.    The time-based linkage is likely to be direct between this variable and trader market actions.  Explicit cooperation in this context reflects knowledge coded in dialogs about trader coordination that is both significant and involves the joint use of gaming strategies or tactics by traders.  Thus, the following:    

Hypothesis 5 -- A positive relationship exists between the combination of forbearance and explicit cooperation (NoCompete) and changes in prices. 

Price Caps Hypothesis

The view that price caps actually lower market prices and mitigate market power is contentious.  The counterclaim is that price caps do not mitigate market power, but instead provide targets that enable traders to achieve the equivalent of the focal prices described in theory (Tirole 1988, pp. 243-44).  Traders may tacitly act to shun price-cutting and hold prices high to avoid the flatter portion of the demand curve.  Therefore we offer the following test of price caps:      

Hypothesis 6 -- A negative relationship exists between trader response to price caps (PriceCaps) and electricity prices.

CAISO Emergency Hypothesis

Declaration of a CAISO Emergency places all traders on notice that there is an immediate deficiency in available power plant capacity.  This notice is broadcast to all traders, providing common knowledge.  When traders take plants out of service by declaring either a need for planned maintenance or that a forced-outage has occurred (Joskow and Kahn 2002) the perceived capacity shortfall increases.  A CAISO emergency may, thus, signal that traders can bid at prices in excess of price-caps with a high degree of assurance their offer will be accepted.  This suggests the following: 

Hypothesis 7 -- A positive relationship exists between CAISO Emergency notifications (Emergency) and electricity prices. 

METHODOLOGY

Model

Traders use knowledge to form strategy and tactics that enable them to bid and schedule power.  Consistent with received theory, the model in Figure 1 indicates the interactions between knowledge variables and the first dependent variable.   

Figure 1: Market Model
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The ordinary least squares (OLS) technique is used to model knowledge effects and electricity prices.  The model we analyze is reduced to six variables from the nine in Figure 1.  It uses the composite variable Familiarity Group, based on variables Familiarity (Famil), Knowledge Transfer (Knotrans), and Common Priors (Comprior).    Following Joskow and Kahn (2002) and Wolfram (1999), this analysis focuses on trading during peak-period hours, specifically, ten hours per day (3660 hours in the year 2000) from 10:00 a.m. to 8:00 p.m.  

Data 

Confidential trader email exchanges and audio taped dialogs are from the Federal Energy Regulatory Commission’s review of Enron’s trading behavior.  Each observation was subject to thematic coding
 to discern the applicability of knowledge variables.  All other data for this analysis are from public sources (see Appendix 2).  Summary statistics are shown in Table 3 and bivariate correlations are shown in Appendix 3.
Table 3: Summary Statistics

	
	Mean
	Std. Dev
	Minimum
	Maximum

	DAPrices
	63.84
	67.29
	14.86
	417.3

	MWLoad
	30,628
	4,417
	21,591
	43,509

	GasPrice
	4.65
	1.61
	3
	8.9

	SpotPrices
	101.96
	120.81
	-37.88
	750

	MarkUp
	1845073
	3664712
	-1440826
	35606417

	PriceCaps
	477.05
	239.65
	150
	750

	Institutional
	0.18
	0.77
	0
	10

	FamiliarityGroup
	0.93
	2.72
	0
	19.66

	Common
	0.3
	0.69
	0
	5

	MktMonitor
	0.13
	0.47
	0
	5

	NoCompete
	0.22
	0.64
	0
	6.5

	Emergency
	0.12
	0.32
	0
	1


Analysis Strategy 

The analysis uses a linear effects regression model to capture trader behavior on the knowledge variables.  Linear effects models are prevalent for electricity market analysis (Green and Newbury 1992, Joskow and Kahn 2002,) and forecasting (Pindyck and Rubinfeld 1981).  The aim here is to analyze traders’ use of specific knowledge elements to increase electricity prices.  The primary model is as follows:

DAPricest = B0 + B1(MWLoadt) + B2(GasPricet) + B3(Spot Pricest) + B4(MarkUpt) + B5(PriceCapt) + B6(Institutionalt) + B7(FamGroupt) + B8(Commont) + B9(MktMonitort) + B10(NoCompetet) + B11 (Emergencyt) + Et           










(Equation 1)

where t =hour (10 a.m to 8 p.m.), DAPrices=the Model 1 and Model 2 dependent variable based on a composite of CAPX unconstrained day-ahead market clearing prices (MCP_u) and CAISO day-ahead ancillary services prices, MWLoad=hourly system electricity load, GasPrice=average (Northern and Southern California) monthly spot natural gas price, PriceCap=regulatory price cap on CAISO prices, SpotPrices=composite spot prices, MarkUp=profit over competitive market prices, Institutional=institutional knowledge from CAISO, CAPX, utilities, and WECC, FamGroup= a composite of  Famil, Transfer,  and Priors, MktMonitor=market monitoring and modeling performed by traders, Common=common knowledge of rationality, NoCompete=a composite of Forbearance and Cooperation, Emergency=CAISO Emergency notice, and E=random error.    


Equation 1 defines the primary model, shown as Model 2 in Table 4.  Model 1, the basic market model, excludes the knowledge variables, regressing only the five control variables, MWLoad, GasPrice, SpotPrices, PriceCap, and MarkUp, on the dependent variable (DAPrices).  Model 2, thus, adds to the basic market model the six knowledge variables.  Model 3 alters Equation 1 only by using MCP_u as the dependent variable.  Likewise, Model 4 alters Equation 1 by using ASDaily as the dependent variable.  Model 5 alters Equation 1 by using SpotPrices as the dependent variable and DAPrices as the control variable (in place of SpotPrices as a control).  To remedy potential skewness in the six hourly scale variables, each is transformed into natural log form.  Thus, the model is linear in functions but nonlinear in parameters.
Model Configuration and Overall Model Results

Most studies of the Western electricity market have focused only on the CAPX day-ahead (MCP_u) energy prices or the CAISO day-ahead ancillary services prices, though there are at least nine major electricity price components (products) in this market.  In 2000, CAPX’s MCP_u energy market was assumed to be the largest administered electricity market in the West.  The corollary capacity markets to MCP_u are CAISO’s day-ahead (ASDaily) and hour-ahead (ASHourly) ancillary services markets.
  Importantly, market traders bought and sold power in portfolios that included ancillary services, and rarely purchased single products like MCP_u.  Table 4 provides the results for all five models.  The F-statistics for each model are highly significant (p < .001).  With DAPrices as the dependent variable (Model 1), regression of the first three control variables (MWLoad, SpotPrices and GasPrice) provides an R-square of .659.  When the control variable MarkUp is added the R-square increases to .743.  With the addition of PriceCaps the R-square becomes .760 for the basic market model, as shown in Table 4.  Model 2 reflects the addition of the six knowledge variables, which increases the R-square to .817.  Models 3, 4, and 5 also provide robust R-square results. With the large sample size, the dependent variables analyzed, and the robust R-square results, these models appear to adequately fit the data.  The analytic nature of electricity market traders, their high knowledge levels, the extensive market information, and the market gaming, each seem to contribute to the high R-square results. 
Table 4.  Electricity Market Regression Results – Standardized Beta Coefficients

	Variables
	Model 1:

DAPrices
	Model 2:

DAPrices
	Model 3: 

MCP_u
	Model 4:

ASDaily
	Model 5:

SpotPrices

	H1: Institutional
	--
	.13***
	.27***
	-.05***
	-.06***

	H2: FamKnow
	--
	-.07***
	-.06***
	-.06***
	.02***

	H3: Common

	--
	.04***
	.10***
	-.02**
	-.08***

	H4:MktMonitor
	--
	.05***
	-.01     
	.09***
	-.03**

	H5: NoCompete
	--
	.13***
	.11***
	.11***
	.02***

	
	
	
	
	
	

	H6: Emergency
	--
	.11***
	.16***
	.02*
	.17***

	H7: PriceCaps
	.23***
	.16***
	.08***
	.18***
	.10***

	
	
	
	
	
	

	MarkUp
	.43***
	.41***
	-.12***
	.00***
	.34***

	MWLoad
	.11***
	.02***
	.00***
	.03***
	.29***

	GasPrice
	.70***
	.53***
	.64***
	.25***
	.32***

	SpotPrices
	.11***
	.08***
	.08***
	.06***
	--

	DAPrices
	--
	--
	--
	--
	.15***

	
	
	
	
	
	

	F-statistic
	2315***
	1479***
	1078***
	1307***
	673***

	R-Square
	.760
	.817
	.765
	.798
	.670


Statistical significance is as follows: *p < 0.05; **p < .01; ***p < .001

Summary of Results 

Without interpretation this section summarizes the results in Table 4.  In Models 1 and 2 each beta coefficient is highly significant (p < .001).  In Model 3 each beta estimate is highly significant (p < .001) except one (MktMonitor).  The beta coefficients in models 4 and 5 are highly significant (p < .001) with two exceptions.  In Model 4 the beta for Common is significant at p < .01 and in Model 4 the beta for Emergency is significant at p < .05.   Next the standardized beta results are summarized.    Institutional Knowledge Transfer--Hypothesis 1: This tests whether a positive relationship exists between trader response to institutional knowledge and electricity prices.  Positive and relatively large standardized betas support the Institutional hypothesis in Model 2 (.13) and in Model 3 (.27).  But the small negative beta results in Model 4 (-.05) and in Model 5 (-.06) fail to support the Institutional hypothesis, suggesting Institutional is not positively related to ASDaily and SpotPrices.  Familiarity Related (Familiarity Group) Knowledge--Hypothesis 2: The hypothesis is that a positive relationship exists between trader responses to the composite Familiarity Group variable and electricity prices.  The results, however, in all but one case fail to support this view.  Standardized betas are negative in models 2, 3, and 4 (-.07, -.06, -.06), but positive yet small in Model 5 (.02).  Common Knowledge of Rationality--Hypothesis 3: With respect to the common knowledge of rationality (Common) hypothesis, the lagging of Common by one day shows positive, statistically significant betas for Model 2--DAPrices of .04 and for Model 3--MCP_u of .10.  Trader recognition of the Common hypothesis and the subsequent formulation of a strategy to respond appear to take 24 hours longer to enable the execution of the related trades.  Still under this assumption the results for Model 4--ASDaily and Model 5—show that SpotPrices fail to support the Common hypothesis; the beta weights are negative and small (-.02 and -.08).  Market Monitoring and Modeling -- Hypothesis 4: The hypothesis is that a positive relationship exists between market monitoring and modeling (MktMonitor) and electricity prices.  Beta results for Model 2--DAPrices are positive (.05) and highly statistically significant, but for Model 3--MCP_u are negative (-.01) and are not statistically significant.  Similarly, positive beta results are found in Model 4--ASDaily (.09) but negative results are shown in Model 5--SpotPrices (-.03).  Thus, the data support Hypothesis 5 only with respect to the dependent variables DAPrices and ASDaily.  No Competition--Hypothesis 5: This hypothesis tests for a positive relationship between the NoCompete variable and electricity prices.  This hypothesis is supported by beta results in each of the models; Models 2, 3, and 4 indicate relatively high beta weights (.13, .11, and .11) while in Model 5 the beta is less (.02).  CAISO Emergency Notice--Hypothesis 6: In each of the four models the beta results support the Emergency hypothesis.  The result for Model 4--ASDaily reflects a lower beta (.02), while the betas for Model 2--DAPrices (.11), Model 3--MPC_u (.16), and Model 5--SpotPrices (.17) are larger.  Price-Caps--Hypothesis 7: The test for this hypothesis is whether price caps (PriceCaps) increased electricity prices.  The beta results for models 2, 3, 4, and 5 (respectively, .16, .08, .18. and .10) show that PriceCaps have a positive relationship on market prices. This suggests we reject the hypothesis that price caps negatively impact prices.
  Yet, results do not indicate whether prices would be higher if PriceCaps were removed and do not support the view that price caps held prices down.     

DISCUSSION

These results are enlightening, even more so than earlier findings about the British electricity market (Green and Newbury 1992, p. 946).  A summary of these results in unstandardized terms (in year 2000 dollars) is shown in Table 5.  Three major findings raise concerns about trader knowledge and the exercise of market power.   The first major finding stems from the results for Model 2—DAPrices and Model 3—MCP_u, particularly the impacts of traders that are reflected in institutional knowledge (Institutional) conveyed by CAISO, CAPX, energy utilities, and WECC.  This analysis lends credence to the view that detailed institutional knowledge, when passed to traders, results in substantially increased day-ahead prices.  Likewise, the common knowledge of rationality hypothesis is supported in two models (DAPrices and MCP_u).  The distribution of institutional knowledge to traders, thus, seems to increase electricity prices and trader cooperation.
  This is consistent with the game theory outcome; with reduced trader anonymity traders then know how others will bid and schedule power.  Common knowledge (Common) appears to undermine the basic need for trader anonymity that is critical to sustain competitive dominance and preserve downward pressure on prices.  The second major finding is about combined trader knowledge impacts.  In Model 2—DAPrices, institutional knowledge and common knowledge appear to combine with trader market monitoring and modeling, which also results in a strong tendency for traders to cease competition (NoCompete).  In all four models the NoCompete variable shows positive price increases.  Furthermore, in all four models NoCompete and Emergency combine to produce substantial positive price impacts.  Regarding SpotMarkets (Model 5), though negative price impacts are indicated for Institution, Familiarity Group, Common, and MktMonitor, at the same time traders obtain substantial price increases when they cease competing (NoCompete) and respond to CAISO emergency conditions (Emergency).  One implication of this is that electricity traders may possess specific knowledge about how to use forbearance and to explicitly cooperate under a set of conditions.  The third major finding is that the CAISO facilitates the exercise of market power, though unwittingly, in its use of emergency notification to signal capacity scarcity, captured here in the Emergency variable.  The Emergency hypothesis suggests that increased prices correlate to all four dependent variables when CAISO declares emergency.  This suggests the need to procure greater demand response and generation to avoid the need to declare emergencies.


The degree of price impact differs for each dependent variable analyzed.  Results for Common reflect positive price effects for DAPrices and for MCP_u, but negative price effects for ASDaily and SpotPrices.  Hence, the MCP_u variable suggests positive price impacts, while capacity (ancillary services) markets (ASDaily) and short-term products (SpotPrices) show negative price impacts.  These results support the view that ASDaily prices are increased by knowledge related to MktMonitoring and NoCompete.  Yet, this logic does not explain the negative results for Institution and Common.  Rather, it suggests traders differentiate how specific information is used to affect specific dependent variables.  Positive SpotPrices are indicated for NoCompete and Emergency, but SpotPrices decrease when Institutional, Common, and MktMonitor are evident. 
Table 5: Unstandardized Coefficient Results for Tested Hypotheses 

	
	H1: InstKno
	H2

Familiarity

Group
	H3

Common
	H4 Mkt-Monit
	H5

No-Compete
	H6

Emer-gency
	H7 PriceCaps

	Model 2:

DAPrices
	28.66
	-7.34
	7.62
	13.41
	28.01
	32.28
	.05

	Model 3:

MCP_u
	70.07
	-7.14
	20.51
	-4.37
	28.00
	56.31
	.03

	Model 4:

ASDaily
	-12.74
	-7.54
	-5.25
	30.95
	28.04
	8.25
	.06

	Model 5:

SpotPrices
	-14.12
	4.37
	-14.12
	-14.12
	8.38
	90.59
	.05


These results suggest that (1) different information was used to raise (lower) prices for different electricity products, (2) tradeoffs occurred between knowledge-based strategies to raise (lower) prices of different products at different times, and (3) gaming  is also indicated to deliberately lower prices.  The latter point corresponds with the simple trading maxim “buy low, sell high.”   One Enron market game that accomplished this was Thin Man, which was used to coordinate a set of traders that falsely under-scheduled load to change the supply-demand balance and explicitly reduce market prices.  The results for the composite Familiarity Group variable indicate negative price relationships for DAPrices, MCP_u, and ASDaily, but a positive relationship for SpotPrices.  Narrowly interpreted, this indicates that this knowledge was used in the first three models to reduce prices.  Indications are that Familiarity Group behavior corresponds to times when traders actively dialoged, but these times may coincide with the lack of opportunities to profit from trading.  Moreover, Familiarity Group is unlikely to correlate with hourly price changes, as it indicates general conditions not directly linked to the execution of hourly trading strategies and tactics.  It deserves mention that the separate variables that make up Familiarity Group are weakly correlated with other knowledge variables that are more closely linked to specific market decisions.  Finally, this analysis supports the view that price caps increase electricity prices, though it remains whether prices would have increased more if price caps were not in place, or whether traders engaged in joint strategies to avoid price caps and increase cooperation.      


One caveat to this analysis stems from the changing nature of the knowledge variables over time and likely changes in the knowledge base of traders.  The knowledge base of course varies over time.  Though this analysis does not examine antecedent or sequential impacts among knowledge variables, analysis of sub-periods may reveal what specific knowledge was used to alter specific dependent variables at different times.  A second caveat involves the negative price results.  Traders’ use of specific knowledge does not seem to be in question, but more robust rationale to explain the negative results is lacking.  With the exception of Common, attempts to lag these variables were unsuccessful.  Further research is suggested to examine whether (1) the negative price effects are strategic for traders, (2) a more complex lagged structure exists among the variables to produce negative results, and (3) there are direct effects or interaction effects among the variables that are not explained by the linear model employed.             

CONCLUSION
This analysis shows that knowledge levels among traders contributed substantially to gaming of the electricity market.  Many games were used, contributing to substantial increases in electricity prices.  The unique real-time aspect of the electricity market, its repeating nature, and the high level of knowledge accumulation among traders all appear to set the table for the exercise of market power.  Specifically, the combined effects on electricity prices were from 1) institutional knowledge, 2) common knowledge, 3) market monitoring and modeling, 4) both forbearance from competing and explicit cooperation (NoCompete), and 5) CAISO emergency notices.  Moreover, these five combined knowledge components support the conclusion of Aumann.  Hence, the results in this paper strongly suggest that institutional knowledge and common knowledge of rationality aided by market monitoring and modeling give way to the theorized game theory result.  Common knowledge of rationality suggests forbearance from competing, elimination of competitive dominance, explicit cooperation, and the likelihood of correlated equilibrium.  Relatively poor competitive electric market results across the globe signal the need for more complete market mechanisms that are strategy proof.  The quantitative implications of this research remain to be explored in similar repeating markets.  
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APPENDIX 1:

CODES APPLIED TO DEFINE KNOWLEDGE VARIABLES

Rule When Applying Codes: Only the four most prominent codes are used from any one record to ensure focus and to distinctively weight the coding results.

1. Specific market knowledge from public institutional sources is made available to traders.

Reference is made to routinely available institutional information, bulletins, or notices, about market or emergency conditions (e.g., from California ISO, Western Systems Coordinating Council, energy utilities, or Western Electricity Coordinating Council).

2. Familiarity among traders: Familiarity is prominent by repeated correspondence and ongoing transactions, but not by substantive knowledge transfer related to the market. 

Reference is made between traders that indicate familiarity, refer to prior transactions, and show knowledge about each other’s circumstances, but falls short of reference to specific market knowledge or insight.  This represents a significant level of familiarity or knowledge of each other, which may be represented by use of specific terms of acknowledgement or language.

3. Knowledge transfer among traders: Ongoing knowledge-transfer among traders, by two-way sharing or multi-party sharing of important market knowledge or intelligence.  Reference is made to market knowledge that is obtained and shared between traders, including market conditions, but falls short of describing games.  This is knowledge transfer represented by a key interpretation or a correction in the market and may include a teaching” or “learning” moment.”  

4. Traders share “common priors” – similar market experiences -- reflecting common experience in markets, which may include the use of a common gaming strategy. Reference is made to previous market experience, including monetary loss or gain, through the use of specific market tactics, strategy, games (e.g., “ricochet,” false schedule,” “death star,” etc.), or a “war story.”

5. Common knowledge of rationality regarding expected market interactions reflected in detailed knowledge about market behavior, the behavior of other traders, and successful market strategies.

Reference is made to in-depth knowledge about market dynamics, (e.g., how other participants will respond), including how prices or market constraints will change under specific conditions, which extends beyond mere sharing of common priors.

6. Market monitoring and modeling to calibrate and forecast market variables.  Reference is made to market modeling and monitoring that is used to develop strategies and games.  This does include discussion about “price curves” and exchange about market insight based on detailed market monitoring.  This does not include mere information gathering, such as about price points.  

7. Traders forbear from competing with each other, either individually, such as when a single trader bids at an excessively high level, or two or more traders coordinate their transactions. 

Reference is made to the execution of market decisions to forbear from acting in a dominant manner, such as to increase prices, distribute price or power scheduling information to “competing” traders, or behavior that borders on coordination.

8. Explicit cooperation manifests between market participants, such as through formal contracting and joint implementation of games.  Reference is made to explicit cooperation between market participants that is significant and either explicitly or implicitly involves joint use of gaming strategies and tactics.   

APPENDIX 2: 

DATA SOURCES AND SUMMARY STATISTICS
CAISO Variables

Data on electricity prices, loads, price-caps, and related variables was obtained from the California Independent System Operator (CAISO).
  This data is based on hourly and sub hourly CAISO observations that are used for financial settlements.  Sub-hourly data was averaged for each hour.  The analysis uses hourly data from 10 AM to 8PM each day, which is the peak period with the highest prices and highest volume of trading.  The stochastic nature of prices is reflected in the large but expected standard deviations relative to the means.  The control variable Load for the year 2000 (MWLoad) reflects the hourly electricity demand in megawatts (MWs) shown in the diagram below, with the annual mean denoted by the straight line. 
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One dependent variable, day-ahead prices (DAPrices), consists of an average of the unconstrained (i.e., without transmission constraints) California Power Exchange (CAPX) price (MCP_u) and the ASDaily prices.
  Both CAPX price and ASDaily price are determined ex-ante as functions of submitted trader bids and loads on the system.    A composite variable to represent Spot Prices (SpotPrices), is an average of the CAISO real-time locational Zonal Price (ZonalP), the ASHourly price, and Out-Of-Market (OOM) price.  The ZonalP prices are determined ex-post by the intersection of trader bids and demand.  The ASHourly price is the average of the ex-ante hourly spinning reserve and non-spinning reserve prices.  OOM is a negotiated price obtained by the CAISO, but only when adequate operating reserves or energy is not available.  OOM is important because of its high cost, it is competitively negotiated in the market, and it is based on “as bid” principles.  Thus, OOM as a component of  SpotPrices.
  The ancillary services price components ASDaily and ASHourly are included, respectively, in the composite DAPrices and the composite SpotPrices.  A portion of ancillary services is required for each MW of electricity generation on the system.  ASHourly is included in the composite SpotPrices as it is the likely choice when short-term electricity generation is added.  The MCPu and ASDaily price streams are shown in this graph:
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It should be noted that the MCPu was not subject to the same $250 price cap as was the CAISO for a brief period at the end of 2000, as the graph shows.  The ZonalP, ASHourly, and OOM prices that form the composite SpotPrices variable are below:
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Notable comparisons between the SpotPrices and the DAPrices components are reflected in a) the price cap impacts on components of the SpotPrices, and b) the high levels of OOM prices.  CAISO price caps (PriceCaps) changed in 2000, as this graph shows:
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Natural gas price (GasPrice) from CAISO is used as a control variable, based on an average of monthly spot gas price indices for Southern California and Northern California
, as shown in this graph:
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Coded Knowledge Variables 

The first eight knowledge-based variables come from a set of 577 observations available for the year 2000 comprised of electricity trader voice recordings, email messages, and related correspondence.  This information about Enron’s energy market behavior was obtained from the Federal Bureau of Investigation and the Federal Energy Regulatory Commission.  Each coded observation reflects the assumption that trader knowledge is in effect for a 10-hour period.  These observations were arbitrarily divided in thirds and coded by two doctoral students at Case Western Reserve University and the author.  An adopted practice was to limit the variables that were coded from any one observation to no more than the four most prominent.
  After the initial coding and comparison of results among coders, the subsequent round of coding showed interrater reliability of more than 72%.  The ninth variable included in this group, Emergency is from CAISO records and is coded as a binary variable.    

Graphs of Coded Results

Graphs of the knowledge variables as time-sequence plots in natural log form follow:

Institutional Knowledge Transfer (Institutional):
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Familiarity:
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Knowledge Transfer:
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Common Prior Market Experiences (Priors): 
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Common Knowledge of Rationality (Common):
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Market Monitoring and Modeling (MktMonitor):
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Forbearance from Competing (Forbearance)  
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Explicit Cooperation among Traders (Cooperation)
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The variable Emergency is based on specific CAISO information on the incidence of declared CAISO Emergency conditions on the electricity grid.  CAISO staff declares an Emergency when the grid is deficient in operating reserves.  Operating reserves are spinning and non-spinning reserves, defined above as ASDaily and ASHourly.  The graph that follows reflects the incidence of the variable Emergency in natural log form.

Emergency: 
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Appendix 3: 

Bivariate Correlation Matrix

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	DAPrices
	1
	
	
	
	
	
	
	
	
	
	
	

	MWLoad
	0.33
	1
	
	
	
	
	
	
	
	
	
	

	GasPrice
	0.68
	-0.6
	1
	
	
	
	
	
	
	
	
	

	SpotPrices
	0.69
	0.53
	0.45
	1
	
	
	
	
	
	
	
	

	MarkUp
	0.67
	0.59
	0.25
	0.71
	1
	
	
	
	
	
	
	

	PriceCaps
	-0.5
	-0.3
	-0.7
	-0.4
	-0.3
	1
	
	
	
	
	
	

	Institutional
	0.46
	0.1
	0.32
	0.24
	0.2
	-0.2
	1
	
	
	
	
	

	FamGroup
	0.21
	0.16
	0.12
	0.17
	0.1
	0.02
	0.32
	1
	
	
	
	

	Common
	0.32
	0.13
	0.27
	0.16
	0.2
	-0.1
	0.24
	0.29
	1
	
	
	

	MktMonitor
	0.34
	0.26
	0.15
	0.24
	0.2
	-0.1
	0.43
	0.35
	0.14
	1
	
	

	NoCompete
	0.4
	0.25
	0.25
	0.28
	0.2
	-0.2
	0.3
	0.46
	0.32
	0.38
	1
	

	Emergency
	0.62
	0.34
	0.4
	0.28
	0.5
	-0.3
	0.4
	0.23
	0.21
	0.29
	0.3
	1


Table 1: Examples of Enron’s Terminology and Market Games (from data in Appendix 2) 


Partnership Plays: collusively contract with strategic partners to jointly engage in market games, thereby increasing the impact and certainty of profitable results. 


Death Star: fake transmission use by scheduling in one direction and creating false counter-schedule in the opposite direction to collect for “relieving” congestion; no electricity flows.  


Ricochet: falsely “park” power outside of California “on paper” to avoid price caps and increase perceived scarcity, then falsely “import” at inflated prices, no import/export occurred.


Paper Trading: sell operating reserves for reliability back up “on paper” but then sell the actual energy from this same plant leaving the operating reserves unavailable.


Load Shift: schedule large demands for power (loads) in order to change prices and then buy or sell in the targeted market to take advantage of the price differential created.


Fat-Boy: falsely overschedule load – change the supply-demand balance -- to inflate prices.





Project Stanley, Silver Peak, Get Shorty, Spread Plan, Donkey Punch, Ping Pong, and Thin Man are other variations, and sometimes combinations, of the games described above.

















� See, the Federal Energy Regulatory Commission web site on the Enron investigations, � HYPERLINK "http://www.ferc.gov/industries/electric/indus-act/wec/enron/info-release.asp" ��http://www.ferc.gov/industries/electric/indus-act/wec/enron/info-release.asp�. 


� The standard analysis applies the HHI or Herfindahl-Hirschman Index to determine the concentration of traders or power sellers, ignoring problems with repeating games that result in tacit or express collusion.


� Importantly, differences in information can be the basis for trade only if the existence of beneficial trade is not common knowledge. (Samuelson 2004, p. 381)  


� Through iteration, this amounts to a trader’s realization of declining gains from competitive dominance.


� Backward induction is reasoning back and integrating that knowledge to shape future decisions.


� This includes Data References, Group Downloads, Operating Messages, Operating Reports, and market notices: � HYPERLINK "http://oasis.caiso.com/" ��http://oasis.caiso.com/�; � HYPERLINK "http://www.caiso.com/docs/2000/06/01/2000060109560313721.html" ��http://www.caiso.com/docs/2000/06/01/2000060109560313721.html�.    


� WECC is the Western Electricity Coordinating Council, which provides information on reliability to traders and electricity grid operators.  See, http://www.wecc.biz/.


� Elements of coding are a) label, b) theme definition, c) description of when the theme occurs, d) qualifications of exclusion, and f) examples to better identify the theme (Boyatzis 1998).


� Electrical energy placed on the grid must be accompanied by a fixed percentage of ancillary services, to provide the required reserve capacity and power quality components of wholesale power.


� The variable Common, representing Common Knowledge of Rationality, is lagged one day.


� This seems appropriate even with the caveat that CAPX failed to lower its price-cap to $250/MWh, leaving it at $500/MWh for 20 days.  In contrast, CAISO’s price cap was reduced at the desired time.  


� This also calls into question the wisdom of using federally approved Open Access Same-Time Information System (OASIS) web sites in the U.S.


� See, e.g., the data available at http://oasis.caiso.com/.


� ASDaily is itself an average of daily spinning reserve and non-spinning reserve (ancillary services) prices.


� OOM is the incremental purchase of power by CAISO, paid the as-bid price, just as congestion is priced. 


� Comments of the California Independent System Operator Concerning the Method for Determining Natural Gas Prices for Purposes of Calculating Refunds, in FERC Docket No. EL00-95-045 and EL00-98-042, 15 October 2002.  This price series uses the more conservative “Spot Gas Index Proposed by Staff.”





� The concern was to preserve discriminant validity that might be lost if all relevant variables were coded for each observation.  
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