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Abstract

This paper tests common wisdom about more information in the market with an innovative research method that uses thematic coding of trader knowledge based on game theory, qualitative analysis, and empirical analysis.  A progression of steps in market gaming is suggested consistent with game theory.  Results suggest that excursions of market power result in part from organized markets which push-out of large amounts of market knowledge to traders.  The conclusion is that common market knowledge should not be produced and delivered to traders through organized electricity markets or OASIS networks. 
I.
INTRODUCTION
Common belief is that markets are more transparent and thus more efficient when greater knowledge (information)
 is provided to market participants.
  Bounded rationality is generally recognized as the limit on the knowledge that can be assimilated to make market decisions (Williamson 1975).  With electronic data transfer, massive changes in computational speed, and advanced market modeling, however, the boundaries of rational market decisions continue to expand.  The ability of electricity traders to assimilate and accommodate knowledge has evolved rapidly in the last decade.  In addition are advanced approaches to apply game theory.  Most policy makers assume that market competition is robust though extensive common market knowledge exists, which ignores Robert Axelrod’s question, “Under what conditions will cooperation emerge in a world of egoists without central authority” (Axelrod 1984, pg. 1).  Based on game theory, others ask whether major market inefficiencies result when knowledge becomes a common-pool resource (Ostrom 1990) or becomes common knowledge (Aumann 2000, Harsanyi 1968).
  Both raw data from California’s electricity crisis and quantitative analysis of electricity trading suggest that with too much market knowledge market manipulation (gaming) results, causing market inefficiently and ultimately market failure.  This is evidence that the repeating process with assimilation and accommodation of knowledge simply enables electricity market gaming.  
The aim of this study is to shed light on market manipulation by Enron and others during the electricity crisis of 1998-2002 in the Western U.S., including light on whether there is too much market knowledge.  An infamous result of market manipulation is that consumers paid at least $70 billion over competitive electricity price levels in the West, causing major regional economic decline.  The initial impetus for this study stemmed from first hand knowledge about prevalent market gaming in England/Wales (Green and Porter 1984, Green and Newbery 1992) and from further discussion about game theory in practice.
  
Analysis of electricity markets traditionally focuses on the economics of supply-demand equilibrium (Borenstein, Bushnell, and Wolak 2002, Wolfram 1999).  Few electricity market studies cross disciplinary boundaries.  The innovative approach used in this paper applies a step-wise sequence that starts with grounded theory (Glasser and Straus 1995), followed by thematic analysis (Boyatzis 1998), and qualitative and quantitative methods that focus on cooperative game theory.  Based on a three stage research process, it explains how traders used particular knowledge to more effectively increase electricity prices over time.  The first stage focuses on whether competitive electricity markets are prone to gaming (FERC 2003, Spear 2003, Woychik and Carlsson 2004).  The literature shows that prominent game theory is rarely applied to electricity markets in practice though game theory appears to explain much of what occurred in energy markets in the Western U.S.  The second stage uses thematic coding variables and qualitative analysis to explain how market gaming evolved in the West, based on trader conversations, email, and documents.  Building on an expanded data base, the third stage applies quantitative analysis to assess how much specific trader knowledge contributes to electricity price increases (decreases) in 2000.   

The paper is organized as follows.  Section II presents the unique three-stage research approach that is applied.  Section III explains the repeating market games and trading behavior elements of the Stage-1 research.  Section IV presents the Stage-3 quantitative results.  Section V is the conclusion.  This paper contributes to the research process using a multidisciplinary approach to leverage game theory and analyze electricity markets in a novel way.  This step-wise approach leverages qualitative analysis of trader specific data to develop theory-based variables that are then refined and used in the quantitative analysis with a larger data set. The results shed new light on trader market behavior and provide lessons for the future.
  The empirical analysis supports the theory on common knowledge.  An important implication is that electricity markets exhibit implicit and explicit trader cooperation
 enabled by greater market knowledge.  Accordingly this paper recommends that organized markets
 be limited from pushing out large amounts of public information and that the electricity market broadly implement demand-response (CAISO 2006).     
II.
THE THREE STAGE RESEARCH PROCESS
Stage-1: Refine the Research Concept

First, the research focus is more clearly defined based on the literature search.  Then panel questions are used in interviews with practitioner experts to place Enron style market manipulation in context and to provide a grounded theory (Glasser and Strauss 1995).  The research concept is further refined consistent with the terminology and methods from game theory (Kreps 1990).  The concept anticipated use of a database of electricity trader narratives and hourly market trades.  The Stage-1 focus is on electricity market manipulation in organized competitive markets and specifically in the Western U.S. electricity crisis from 1998 to 2002.  Highlighted are the lack of applied game theory in electricity markets and the lack of a usable body of work that explained how market games evolve over time.  Select literature quantifies the deviations between competitive price levels and actual prices (Hildebrandt 2001, Joskow and Kahn 2002, Sheffrin 2001), but little is written to use game theory predictions or to refine related research (Wilson 2002).  
The Stage-1 research question looked at the degree to which an electricity market can avoid market manipulation or be strategy-proof.  To be strategy proof each trader’s behavior must depend only on its own preferences and be invariant with others.  Related is whether an electricity market can be incentive compatible, where traders do not vary their offers (i.e., bids) in response to changes in the specific conditions of that market.  Both of these conditions are simultaneously satisfied if traders bid the equivalent of their respective short-run marginal costs (SRMC).  An initial review showed that neither of these conditions is satisfied.  Rather, it seemed that trader behavior followed defined patters in the game theory on repeating markets as suggested by Robert Axelrod (1984) and Fudenberg and Kreps (1992).  Insights from game theory seemed applicable to examine the behavior of traders, particularly to test the assumptions from the folk theorem in game theory literature.  The folk theorem suggests that multilateral collusion among participants’ results in a common-sense cartel when each player can do better than if cutthroat competition ensues, a result thought to be obvious common sense.  This seemed appropriate as it explains how participants may avoid competing and act jointly to earn super-profits.  Related literature on electricity markets (Bunn and Oliviera 2003, California 2005, Fabra and Toro 2005, Green and Newbery 1992, Macatangay 2001, 2002, Rothkopf 1999) reinforced the value of game theory insights.  This formed the basis for the initial research design, to link theory, methods, and evidence to the practice domain.  These initial findings are then explained in the Stage-1 concept paper (Woychik 2007).         

Stage-2: Use of Thematic Coding Variables and Qualitative Analysis

Based on grounded theory and game theory, thematic codes are used (Boyatzis 1998) to define knowledge-based variables that represent trading behavior.  The variables are aimed to analyze raw data in the form of trader dialogs, email, and documents.  The initial analysis of the coding variables suggested that variables may be logically arranged in a sequence to reflect increasing trader knowledge, and that the sequence is consistent with findings in game theory about repeating markets (Aumann 2000, Fudenberg and Kreps 1993, Guensnerie 2002, Ma 1998, Rappaport, et al. 2000, Samuelson 2004).  Specifically, over time the availability of an extensive common-pool data source may enable traders to become familiar, engage in further interaction, share common prior experiences, obtain a level of common knowledge about each other, use market monitoring and modeling, forbear from competing, and explicitly cooperate.
  
From April of 1998 to December of 2000, results of thematic coding of the raw data generally show that trader incidence increases over time for the following variables: familiarity, sharing of common prior experiences, common knowledge, forbearance from competition, explicit cooperation, and joint use of games (Woychik 2007).  This supports use of the sequence of variables, the expected increase in knowledge transfer among traders, and the expected increase in forbearance from competition (diminished competitive dominance) that enables gaming.  Use of this qualitative approach based on thematic coding of data and a sequence of game theory variables is unique and enables simplified, non-mathematical analysis using game theory precepts.         
The Stage-1 research led to the formulation of the research question in Stage-2, which focused on qualitative analysis of trader data to determine whether specific game theory precepts are indicated over time by trader dialogs and information.  Unique, previously confidential data are acquired from specific audio-taped conversations between traders, email messages of traders, and specific internal documents of traders, most of which are provided by the Federal Bureau of Investigation and the Federal Energy Regulatory Commission in the Enron investigations.
  These internal market documents are coded to evaluate the knowledge content.  The analysis of trader dialogs required a systematic approach to yield meaningful knowledge and results.  Guided by initial expert interviews in Stage-1 and inspection of the trader dialogs and information, a critical step in the Stage-2 analysis is to integrate specific game theory concepts into the coding variables.
  Thematic coding is used to examine whether game theory precepts are evident in trader dialogs, email, and documents.  Coding incidence in percentage terms is compared.  Logic and preliminary results suggested that the set of variables may be arrayed as a progression of knowledge-based steps.  Each of these knowledge elements is needed to explain the steps in market gaming related to trader behavior.  The Stage-2 data indicate that common knowledge and familiarity are prominent, traders routinely share knowledge and common priors, forbearance from competing is prevalent, and that both explicit cooperation and joint use of games are prominent.  Moreover, these results foreshadowed increased market gaming, imitative behavior, forbearance from competition, and express collusion.  Further research indicated that elements of the folk theorem are related to the incidence of common knowledge among traders.  The results confirmed the sequenced of game theory precepts and suggested how trader market games change over time.    

Based on the percentage incidence of coded results, the trader behavior data confirmed the usefulness of the variables developed.  Importantly, the hypothesized progression of trader market knowledge is supported, starting with common market information and familiarity, resulting in forbearance from competition and explicit cooperation.  Qualitative results from the Stage-2 research suggest that the viability of competition (gaming) depends on the level of trader knowledge.  A time element is recognized that trader knowledge increases over time, as a function of increasing trader familiarity, increased common knowledge, mutual forbearance from competing, and the exclusive knowledge that is shared among traders.  The general conclusion from Stage-2 research is that this set of variables indicates how trader market knowledge changes and leads to reduced competition, forbearance from competition, and explicit cooperation.

Stage-3: Refined Coding and Empirical Analysis
Based on the Stage-2 analysis, Stage-3 uses an expanded data base of trader dialogs, email, and documents, employs coding to analyze the presence of knowledge variables, and performs regression of coded variables and electricity prices.  Regression is applied analyze the incidence of coded trader dialogs and hourly electricity prices in four markets, incorporating a set of control variables.  Six major variables are tested as follows
:

· Institutional Knowledge provided by organized markets;
· Familiarity, including knowledge transfer and common priors;
· Common knowledge of rationality (knowing what others know);

· Market monitoring and modeling;

· Forbearance from competing, including trader cooperation; and,

· Publicly declared market emergency.

These trader results are then regressed on an extensive electricity market database that includes day-ahead and spot prices for power
, price-caps, natural gas prices, and electricity demand (load).  A linear effects regression model is used for hypothesis testing to analyze the relationship between the knowledge variables and different electricity prices.   
The results suggest that the electricity traders seriously undermined competition through use of the institutional knowledge prepared and conveyed by public entities, and show how trader acquisition of knowledge rendered the competitive market impotent in 2000.   This tests the theory of repeating games with regression to analyze whether market prices increased during the California electricity crisis as a result of increased market knowledge.  That is, the Stage-3 analysis tests whether electricity trader behavior led to price increases (decreases), consistent with theories of collective action (Axelrod 1994, Chong 1991, Ostrom 1990), and with game theory (Aumann 2000, Kreps 1990).  Specifically, this examines whether common knowledge among traders enables traditional supply-demand equilibrium to be replaced by correlated equilibrium.  The theory of common knowledge of rationality (Aumann 2000) suggests that as participants in a repeating game better understand how the game is played, each becomes aware that the others have the same knowledge and will behave in like kind under specific market conditions, such as with changes in demand, fuel prices, transmission constraints, and the like.  Not surprisingly it appears the supply-side electricity traders dominate what is largely an unbalanced, supply-only market.  

III.
MARKET GAMES AND TRADER BEHAVIOR

Real Competition is a Zero-Sum Game
Some regional experts claim that if all traders have the same knowledge there is no disadvantage and that competition among traders is enhanced thereby (EFET 2003).  A counterclaim is that this increases information (knowledge) asymmetry, to the disadvantage of consumers (Phlips 1988).  Literature on the effect of increased trader knowledge in electricity markets is scarce.  Strategic game theory related to business practices explains some of the dynamics this area as the pursuit of strategic games has become a science in business settings.    
The textbook strategy response in competitive (zero-sum) games is to use four basic rules (Dixit and Nalebuff 1991).  To anticipate a rival’s response, the initial question relates to the interdependence of the players’ decisions and whether the interaction involves sequential or simultaneous moves?  The first rule is to look ahead and reason back to anticipate where the initial decision and subsequent decisions will lead, and to calculate your best choice.
  Cast in a decision tree, the time-sequential or simultaneous nature of decisions may be more easily seen.  In a game with finite sequential decisions a single best strategy exists.  Hence, explicit logic through backward reasoning is useful to see through a rival’s strategy and choose an action plan.  The second rule, if a dominant strategy exists, is that one course of action outperforms all others, so use it.  A dominant strategy is your best response to each of your rival’s strategies, which may depend on who moves first.  The third rule is to remove dominated strategies that make you worse off than some other strategy, and continue to do so successively.  This is referred to as iterative elimination of dominating strategies.  If looking forward and reasoning back does not produce a dominant strategy and dominating strategies are eliminated, this is because what is best for you depends on what is best for your rival.  This leads to circular reasoning -- “I think that she thinks…” -- absent an equilibrium strategy.  The fourth rule of strategy is to find an equilibrium strategy, having eliminated dominated strategies and exhausted own best response.  That is, find a strategy where your action is the best response to your rival’s best response.  Recall that these are truly competitive or zero-sum games.  If a set of players can benefit from joint actions such as collusion a different set of rules applies.  In business settings, however, the level of knowledge among competing business entities is addressed only tangentially.

Quasi-Competition: Non-Zero Sum Game
This study is focused primarily in the analytic space short of perfect competition that amounts to forms of joint action or collective action among traders.  As Elinor Ostrom reminds us, a competitive market – the epitome of private institutions -- is itself a public good that harnesses collective action (Ostrom, 1990, p. 15).  When many players in a market can benefit from joint action, the competitive zero-sum result may be abandoned for a result that makes these players better off – a dominant strategy.  A number of non-zero-sum games have been described, such as the assurance game (Ostrom 1990, Chong 1991), tit-for-tat (Axelrod 1984), and the folk theorem (Fudenberg, Levine, and Maskin 1994).  In repeating games, such as electricity markets, the competitive outcome may be replaced with a collective action outcome or a cooperative equilibrium.  By selectively eliminating dominating strategies, a dominant strategy may be found where players act with assurance that other players will act in kind to increase market prices.  The market setting may encourage self-interested players to work together, to reassure each other of the common predicament, which is competition in some form, and to share the benefits of mutual cooperation, assuming the pie of benefits is expanded.  This simply explains the potential for market gaming and how it may occur.  Related is the tit-for-tat strategy, which assumes that players mimic successful strategies. Though at best this strategy results in a tie with rivals, it may again produce a dominant strategy outcome – cooperation -- as no other strategy makes one better off, and all those involved are better off.  Both the assurance and tit-for-tat strategies may provide greater certainty of more profitable outcomes than in a more competitive market.  The folk theorem goes further to predict collusion in repeating markets, as players seek to avoid cutthroat competition.  And beyond the folk theorem, common knowledge of rationality and correlated equilibrium suggest that tacit collusion and explicit collusion are outcomes of repeating markets (Aumann 2000).               
A Market Structure to Avoid Gaming?
Many have suggested ways to avoid market gaming but few have provided details about how this is possible or discussed the effects of knowledge on competition.  Mark Armstrong and David Sappington suggest that to remedy problems in competitive markets we simply need to state the structural conditions more specifically (2006, pp. 360-61).  They acknowledge that the road from monopoly to competition is seldom straight and smooth, so it is not straightforward to define road maps for the best routes to competition.  Importantly, these ideas fail on at least two accounts.  First, the proposed remedy does not acknowledge that power politics become a major impediment, particularly when huge sums of money are placed on the political table, as with electricity market reform in the West (McLean and Elkind, 2003).  Second, and the focus here, Armstrong and Sappington ignore the fact that most industry practitioners and policy makers lack a detailed understanding about how market gaming actually occurs or evolves, much less how knowledge is relevant.  As the drivers and enabling elements of gaming have not been explored, prescriptions to resolve these problems are lacking.  Still, there is some agreement among practitioners about how to make electricity markets more efficient. 
The specific, idealized approach for competitive electricity pricing recommended by a vast majority of experts is to harness the dual, supply-demand auction (Hogan 2005, Joskow 2006, Stoft 2002, Wilson 2002, Woychik 2000, pp. 52-55). This means to equally engage both sellers (supply) as well as buyers (demand) in direct competition.  At present the sellers are very well represented, mobilized, have technology, are well resourced, and have market access.  The same cannot be said for the buyers, particularly most commercial and residential customers.  Information asymmetry seems clearly evident between electricity traders and electricity consumers.  This leaves so-called competitive electricity markets like one hand clapping.  The other hand, the buyers’ direct response, is needed to make the market work more effectively.  Absent engaged buyers, sellers will likely use the gaming behaviors that are prevalent in the West whenever possible, and seems inclined to concentrate and share knowledge to exercise market power.  Many practitioners and academics know that one-sided, supply-side markets are largely dysfunctional and know that the remedy, Demand Response (DR), has been slow to materialize (FERC 2006).  Still the knowledge question has not been directly addressed.  This studyfocuses on analysis of the knowledge elements that enable or facilitate electricity market manipulation or gaming under the predominant supply-side conditions currently in place.             
Market Gaming Context and Theories
The California electricity market, used by most of the electricity market participants in the Western Electricity Coordinating Council (WECC)
, uses a single-price auction approach, which means that any impact on its wholesale prices affects all those that participate in this market.  Gaming of this market involves a set of specific tactics and strategies, some of which use fraudulent representations about how power is scheduled, in terms of timing, to inject power to the grid and to take power off the grid (California 2005, FERC 2003).  The general result of gaming is to intentionally increase or decrease market prices.  One game called Megawatt-Laundering or Ricochet involves false scheduling of power sales outside of a region, ahead of the real time of electricity production.  This signals that the power is not available later in some locations because of greater scarcity.  Traders, thus, may wait until prices are very high near real time, when the power is to be produced and is absolutely needed, before agreeing to sell the power back into the region.  This may also allow traders to skirt price caps aimed at keeping prices lower.  All the while, the related power never actually leaves California.  As more traders play this game, it becomes increasingly known among traders that the strategy is to export from California by shipping power to the desert (southwest).  With many traders acting to affect the same strategy at the same time, the results are amplified and prices increase dramatically.  Another game called fat boy results when initially, traders jointly schedule more power than its customers are expected to need, making the later period market falsely perceive less electricity supply availability, in order to later sell what is actually excess power at higher prices.  A third game is Death Star, where traders scheduled power to flow in the opposite direction of actual demand in order to collect a fee for reducing transmission congestion, which is fictitious as the congestion is not real.  In this game no electricity is actually injected or removed from the grid; the power is scheduling on paper only.  Using these and other games, traders successfully increase the prices for power in the entire Western electricity market (i.e., all of the WECC).  This research indicates we should expect market participants to use gaming strategies in repeating markets.  This is supported by many specific theories, including the tendency to imitate other apparently successful players (DiMaggio and Powell 1983, “mimetic isomorphism”), cooperation (Axelrod 1984), collective action in multi-market competition (Li and Greenwood 2004), tacit collusion predicted by the folk theorem (Fudenberg, Levine, and Maskin 1994), and the tendency of repetition to lead to cooperation and correlated equilibrium (Aumann 2000).  In this light, the proliferation of Enron style games in the Western electricity market may be seen as an expected outcome to extract profits consistent with theory.     
IV.
RESULTS: THE ROLE OF KNOWLEDGE IN MARKET GAMING
Integrating Game Theory & Qualitative Analysis  

The game theory literature on repeating markets relates competition to the evolution of cooperation, imitating behavior, multiple market competition, forbearance, and the use of common knowledge.  These theories suggest that in a market aided by frequent trader interaction higher cognitive competencies correspond with increased trader knowledge.   Basic implications of the qualitative analysis are as follows:

· Increased trader knowledge foreshadows further electricity market manipulation such that downward pressure on prices is relaxed.  

· Market administrators should limit the scope and extent of common knowledge that they provide to traders (including use of OASIS.
)  

· With common knowledge comes the likelihood of market signaling by traders and knowledge brokers even in “successful” competitive markets. 

The Stage-3 analysis used refinements to the coded variables from the Stage-2 analysis. Thus, the Stage-2 research is invaluable to guide the Stage-3 quantitative analysis, particularly to refine the coding variables.
Quantitative Stage-3: Integrating Theory into Coding & Results 
The coding variables and approach to using the codes are shown in Appendix 1.  Additional data became available for the Stage-3 analysis and a panel of advanced analysts is used to code the trader data.  Though there are various supporting sub-theories to justify each of the nine codes, each code fits within the theory of common knowledge of rationality, which indicates a progression of knowledge to a point where everyone knows that everyone else who is proximate also knows how the market players will behave.  The theory of common knowledge of rationality is supported by six primary arguments, which are here applied to the market context.  First, when two traders have identical information and experiences, they share identical beliefs about how the market works.  Second, if traders share common prior experiences, their views on how markets work inevitably converge.  Third, when traders recognize that they have common knowledge, cooperation becomes a dominant strategy, contrary to the view that rivals always seek a position of competitive dominance.  Fourth, when traders see the advantage of using common knowledge they cease to cooperate rather than compete as rivals.  Fifth, when traders understand the benefits of common knowledge and have common market beliefs they seek to produce a correlated market equilibrium that disconnects the market from supply-demand forces.  And sixth, traders look back and reason forward – use backward induction -- to adjust market decisions based on a reconstruction of previous specific and common knowledge. 

The qualitative Stage-2 results are generally supported by the quantitative Stage-3 results and hypothesis testing, which are briefly summarized as follows:

· The impact on traders from institutional knowledge conveyed by organized markets is substantial, suggesting that this knowledge provided to traders results in increased day-ahead prices.  

· Common knowledge of rationality appears to substantially increase prices.

· Institutional knowledge and common knowledge appear to combine with trader market monitoring and modeling to enable increased prices. 

· There is a strong tendency for traders to cease competition in all four models, resulting in significantly increased prices.

· Emergency declarations appear to combine to produce substantial positive price impacts, and in Spot Markets traders cease competing and obtain substantial price increases.  

· Some circumstances appear to produce negative prices, which with hindsight should have been predicted as an element of trader strategy. 
· Price caps seem to increase prices but not mitigate market power.


With continuous learning improvement the knowledge base of traders seems to change constantly.  More detailed analysis of sub-periods may reveal what specific knowledge is used to leverage prices during different seasons.  Another research opportunity is to correlate specific games with knowledge revealed in trader dialogs.  
Stage-3 Quantitative Analysis: Regression Results
Based on five different vectors of electricity prices, five different models are tested.  In all the models save two the beta coefficients have very high statistical significance (p < .001).
  Unstandardized coefficient results (in year 2000 dollars) are shown in Table 1.  Three concerns about trader knowledge and the exercise of market power are discussed.   The first and most troubling concern 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) pushed out to traders by organized markets.  This suggests detailed institutional knowledge results in substantially increased day-ahead prices.  Likewise, common knowledge of rationality (Common), lagged one day, appears to substantially alter the condition of incomplete information supporting the common knowledge of rationality hypothesis, netting price increases in two models; DAPrices and MCP_u.  Consistent with theory, distribution of institutional knowledge to traders seems to increase trader cooperation
, while wide-spread common knowledge tends to decrease trader anonymity and increase  cooperation.  Thus, Institutional and Common are expected to be ongoing.    

Table 1: 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


The second major concern 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 at the same time results in a strong tendency for traders to cease competition (NoCompete).  As well, the NoCompete variable, composed of forbearance from competing and explicit cooperation among traders, shows positive price increases in all four models.  This composite variable and its two component variables reflect specific trader execution of actions in the market.  Furthermore, in all four models NoCompete and Emergency appear to combine to produce substantial positive price impacts. And in the case of Model 5 SpotMarkets the results show that traders cease from competing (NoCompete) and obtain substantial price increases under CAISO emergency conditions (Emergency), even when negative price impacts are indicated, including for institutional knowledge, familiarity, common knowledge and market monitoring and modeling.  One implication of this is that electricity traders are likely to possess specific knowledge about how to use forbearance and to explicitly cooperate.  Hence, can the condition of incomplete market knowledge be restored?  It seems possible that more knowledgeable traders now collectively are the proverbial genie is out of the bottle, ready to exercise market games at times of peak load and market stress.    


The third major concern 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 result with respect to all four dependent variables when CAISO declares emergency.  The unstandardized coefficient for SpotPrices is the highest ($90.59), most likely reflecting the impact of OOM prices.  Creative solutions are needed to either design an alternative to emergency notification or to preclude its use in all but the most extreme conditions.    The CAISO may also consider an alternative way to address the publishing of emergency notices.  Market monitoring of before and after trader impacts may blunt trader use of this knowledge but would seem to be obtrusive regulation.  More creative market-based solutions should be considered.  As CAISO has recognized, the situation suggests the need to procure more demand response and generation so that emergency conditions are rarely triggered.


The positive or negative price impacts for variables Common, Market Monitoring, and Institution hinge on each respective dependent variable analyzed.  Results for Common reflect positive price effects for DAPrices and for MCP_u, but negative price effects for ASDaily and SpotPrices.  Therefore the MCP_u variable suggests positive price impacts, while capacity (ancillary services) markets (ASDaily) and short-term products (SpotPrices) reflect negative price impacts.  The best known ancillary services game, reflected by ASDaily and ASHourly, called Paper Trading (FERC 2003, pp. VI 31-35) is used to shift market trading between the day-ahead market and the hour-ahead market.  The results here support the conclusion that ASDaily prices are increased by knowledge related to MktMonitoring (H4) and NoCompete (H5).  This logic does not, however, explain the negative results for Institution and Common.  Rather, this suggests the need to differentiate how specific information is used given different dependent variables.  Positive SpotPrices are indicated for NoCompete and for Emergency, but SpotPrices decrease when Institutional, Common, and MktMonitor are evident.  

These results  indicate that (1) different information is 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 indicated to deliberately lower prices.  These points corresponds with the simple trading maxim “buy low, sell high.”   Most traders, acting for both sellers and buyers, use explicit strategies to lower electricity prices when it presents advantage.  A known Enron market game that accomplished this is Thin Man, which is used to coordinate a set of traders that falsely under-scheduled load – to change the supply-demand balance – and explicitly reduce market prices.
  This and other games focus on coordinating traders that aim to execute specific games under specific market conditions.
     


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 is used in the first three models to reduce prices.  Yet, this does not on its face appear to be a credible explanation for each of these situations, though it may apply to the average situation over the year.
    Indications of Familiarity Group correspond to times when traders took time to talk with each other, but these times may also coincide with times when the market is flat in terms of opportunities to increase prices or use specific gaming strategies.
  As previously noted, Familiarity Group is not likely to be directly correlated with hourly price changes, as familiarity is a general condition not directly linked to the execution of hourly trading strategies and tactics.  It is also noted that the separate variables that make up Familiarity Group are weakly correlated with the other knowledge variables that are closely linked to market execution decisions to increased prices.
  


The results from this analysis support the contention that price caps increase electricity prices, though it is uncertain whether prices would have increased more had price caps not been in place.  The unstandardized coefficients, however, reflect very small price increases given each of the four dependent variables.  Still, the finding that price-caps have a direct positive effect in the four models analyzed suggests that price-caps may not mitigate market power.  The unintended effect may be to prompt traders to engage in joint strategies that avoid price caps.  The primary way to avoid price caps is to trigger the need for OOM, which results when power is in short supply, at least as perceived by CAISO.  A set of Enron games (see Table 1) increase the CAISO’s perception that prices are high and capacity is scarce, making the need for OOM seem more persuasive.
  While it is uncertain if focal price strategies are used per se, the likelihood that cooperation results from strategies to avoid price-caps suggest areas for research.
V.
CONCLUSION

The results support both qualitative and quantitative techniques to provide insights about electricity market gaming.  A progression of steps is suggested consistent with game theory embedded in the coded variables.  The real-time nature of the electricity market, with its repeating functions and the high level of accumulated common knowledge among traders, suggests excursions of market power will continue until organized markets cease the push-out of large amounts of market knowledge to traders.  A number of hypotheses appear to be supported, including 1) institutional knowledge, 2) common knowledge, 3) market monitoring and modeling, 4) both forbearance from competing and explicit cooperation, and 5) CAISO emergency notices.  These results, thus, strongly suggest that repetition, institutional knowledge, and common knowledge of rationality, aided by market monitoring and modeling, give way in practice to the theorized result offered by Aumann, that with too much knowledge in the market tacit and explicit cooperation give way to increase prices.  This also suggests support for the theory of correlated equilibrium (Aumann 2000).  These results, moreover, support related empirical studies of market power (Borenstein, Bushnell, and Wolak 2002, Bunn and Oliveria 2003, Fabra and Toro 2005, Joskow and Kahn 2002, Macatangay 2002, Sheffrin 2001, Wolfram 1999), but suggest in more detail how knowledge accumulation, progressing to more complete information, further leverages the exercise of market power.  This qualitative and quantitative evidence paints a picture where repetition and familiarity among traders seems inevitably to lead to increased trader knowledge transfer, the sharing of common prior experiences, common knowledge of rationality, forbearance from competing, elimination of competitive dominance, and explicit cooperation.  Similar outcomes seem certain to occur in other competitive electric markets, which highlights the need for a large scale demand-response market that will counterbalance seller market power during periods of high peak demand and major system perturbations (Borenstein, Bushnell, and Wolak 2002, Stoft 2003, Wilson 2002).  
The public policy implications of these findings are (1) customer demand response is essential to balance supplier market power and establish proper market prices, and (2) common knowledge made available to traders appears to invite if not enable collective action, as explained by Axelrod (1984) and Aumann (2000).  Thus, common market knowledge should not be produced and funneled to traders through organized electricity markets or OASIS networks.  
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APPENDIX 1:

CODES TO DEFINE KNOWLEDGE VARIABLES

Application Rule for Codes: To increase the focus and to distinctively weight the coding results only the four most prominent codes will be used from any one record.

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

How to recognize it: 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. 

How to recognize it: 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. 

How to recognize it: 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 an important interpretation, or a correction about 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.

How to recognize it: reference is made to previous market experience, including monetary losses or gains, 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.

How to recognize it: reference is made to in-depth knowledge about market dynamics, or 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.

How to recognize it: reference is made to market modeling and monitoring efforts that are 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 gathering of information, 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. 

How to recognize it: 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. 

How to recognize it: 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.
� Knowledge and information are used interchangeably in this analysis, though information in this context refers to synthesized information, such as knowledge about transmission grid constraints that is processed and delivered to traders.  


� California’s Independent System Operator administering electricity markets states that public availability of bid data enhances market efficiencies and reduced information asymmetries.  See, http://www.caiso.com/docs/2001/03/27/2001032708335810845.pdf.  


� The need to “limit the amount of market data published on web sites” was raised in the California State Auditor Report, Bureau of State Audits, March 2000, see https://www.bsa.ca.gov/pdfs/sr2002/2000-134.1.pdf.


� By 1997 it seemed clear that market participants in the West were not interested in limiting market gaming; rather, they sought a market to take advantage of it (Woychik 1998, 2000).


� More complete knowledge about market gaming is needed to avoid future perils, specifically the severe economic impacts, crisis in public confidence, and huge wealth transfer.    


� Under Sarbanes/Oxley this cooperation among competing traders may be viewed as collusion.


� Organized markets are defined here to include all markets that use a Federally approved Open Access Same-Time Information System (OASIS), including Regional Transmission Organizations and Independent System Operators, particularly when leveraged by information passed to traders through regional National Electricity Reliability (NERC) organizations (e.g., the WECC).


� The first variable is access to a large base of commonly available market knowledge.  Second is familiarity among traders by repeating correspondence and trading. Third is gathering of ongoing knowledge by interacting with and anticipating traders.  Fourth is sharing of common prior experiences – trader war games – including market gaming strategies.  Fifth is trader knowingness about how other traders will react under certain conditions.  Sixth is knowledge from market monitoring and modeling.  And seventh is knowledge that forbearance from competing will net greater overall profits.  This is consistent with iterated elimination of dominating strategies, where it may be found that competitive dominance ceases to be used.  


� Most all of the Enron market gaming cases before the Federal Energy Regulatory Commission have been settled with the condition that the record in each case is permanently sealed.  This makes the data used in this study unique as it became public but never been placed under seal of confidentiality.


� Initial coding categories are derived inductively based on grounded theory in the Stage-1 analysis and subsequently altered to integrate market and game theory.  


� The eight major coded variables were collapsed into six.  For more detail on the synthesis of knowledge variables and the analysis, see Woychik and Carlsson 2007.


� This includes separate prices for energy and for ancillary services.  The latter are considered operating reserves used to ensure reliability.


� It is referred to as backward induction in game theory literature.


� Studies about competition between industries and between industry segments seem more common than studies about competition in a specific market segment.


� WECC includes more than 11 U.S. states, Alberta and British Columbia, and Baja, Mexico.  See, http://www.wecc.biz/.


� This is the Online Access Same-Time Information System (OASIS) data that is pushed-out to the traders operating in each regional transmission system.


� In Model 4 the beta for the variable Common is statistically significant at p < .01 and in Model 4 the beta for Emergency is significant at p < .05.


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


� CAISO’s extensive efforts should be acknowledge securing more generation and demand-response capacity to avoid the need to signal emergency conditions.  This is an ongoing, difficult process.


� The opposite is use of the Enron game Fat-Boy, to falsely over-schedule load to increase prices.    


� An Enron Services handbook contains a list of California Market conditions with instructions for the Enron Employee concerning whom to call and what steps the [collaborating traders] should follow to take advantage of a particular market situation. (FERC 2003, at p. VI-40)


� This regression analysis is performed over the year 2000, but when analyzed during sub-periods such as quarters or trimesters, is likely to reveal other insights.


� The correlation of FamiliarityGroup and electricity loads (MWLoad) is very low (.039). See Appendix 3.


� See the correlations of the Familiarity Group variables (Familiarity, Knowledge Transfer, and Common Priors) with the variables Forbearance, Explicit Cooperation, and Institutional Knowledge in Table 2.


� The games Partnership Plays, Ricochet, Perpetual Loop, Wheeling Out, Load Shift, Fat-Boy can be used to increase prices and to increase the perceived need to address capacity scarcity in CAISO’s territory.
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