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.\BSm\CT 

The issue of market delineation and power in the wholesale electric energy market 

is explored using three separate approaches: two of these are analyses of spatial pricing 

data to explore the functional size of the markets, and the third is a series of experimental 

tests of the effects of different cost structures and market mechanisms on oligopoly 

strength in those markets. 

.\n equilibrium model of spatial network competition is shown to yield linear 

relationships between spatial prices. A data set comprising two years of spatial weekly 

peiik and off-peak prices and weather for 6 locations in the Western States Coordinating 

Council and the Southwest Power Pool is subjected to a pairwise cointegration andysis. 

The use of dummy variables to account for the tlow directions is found to significantly 

improve model performance. 

The second analytical technique utilizes the extraction of principal components 

from a spatial price correlation matrix to identify the extent of natural markets. One year 

of daily price observations for eleven locations within the WSCC is compiled and 

eigenvectors are extracted and subjected to oblique rotation, each of which is then 

interpreted as representing a separate geographic market. The results show that two 

distinct natural markets, correlated at 84%, account tor over 96% of the variation in the 

spatial prices in the WSCC. Together, the findings support the assertion that the 

wholesale electricity market in the Western U.S. is large and highly competitive. 

The experimental analysis utilizes a radial three node network in which suppliers 

located at the outer nodes sell to buyers located at the central node. The 
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parameterization captures the salient characteristics of the existing bulk power markets, 

and includes cyclical demand, transmission losses, as well as fixed and avoidable fixed 

costs for all agents. Treatments varied the number of sellers, the avoidable fixed cost 

structures, and the trading mechanism. Results indicated that sealed bid markets gready 

reduced the ability of sellers to exert market power. Overall the existence of higher 

avoidable fixed costs tended to ameliorate market power effects. 
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1 - INTRODUCTION AND PERTINENT LITERATURE 

L.L -  INTRODUCTION 

The wholesale electric industry in the United States has been evolving rapidly 

over the past decade, and with the deregulation of the industry already underway in some 

states, concern is high regarding the structure and likely performance of deregulated 

electricity markets. Naturally there are a multitude of views regarding the outcome of 

each of the numerous proposed deregulation scenarios. The key elements of every 

prognostication include the concentration of sellers in the resulting market and the 

extent to which that market would be "workably competitive". The plausibility and rigor 

of these analyses bear directly on the local and national regulatory policies in debate at 

this very moment. 

The economic assessment of these issues is complicated by the unique 

characteristics of the institution. In a wholesale electric power transmission system the 

buyers and sellers are not homogeneously distributed over the area of the grid, but can 

be thought of as loosely grouped at specific points or nodes in the grid. Under ideal 

conditions and with no transmission losses, every buyer and seller would be connected 

and included in a single large market. But the physics of electric power transmission are 

such that the paths connecting the various nodes are subject to constraints (maximum 

transmission limits) and percentage losses, both of which change as total transmission in 

the grid changes. 
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Thus the actual number of participants constituting such a market will change 

with the level of demand. In higher demand periods, certain portions of the grid can be 

surrounded with transmission lines that are at their maximum capacity so that any 

additional demand will have to be supplied locally; resulting in a fixed number of buyers 

and sellers for the extra-marginal production. 

The goal of this research is to empirically identify the extent of some electric 

power markets and to experimentally test several of the parameters that might effect the 

ability of an oligopoly to exert market power in an environment like the wholesale 

electric energy markets. There is a limited amount of data available to address these 

issues, in that nearly all of the transactions in these markets have traditionally been 

private bilateral contracts. Some past assessments of this industry have defined 

geographic boundaries to these spatial markets, counted the number of existing or 

potential suppliers and made inferences regarding market competitiveness. In other 

cases simulated oligopoly outcomes have been calculated based on theoretic parameters. 

A more holistic approach using the relationships among locational price time series to 

identify the level of cointegration among disparate markets has been utilized in the 

natural gas industry and may be usefiil here. Within the past two years, spatial pricing 

data for wholesale electric spot markets have become public information and thus we 

can now explore the cointegration of disparate locations. A second analytical procedure 

based on the extraction of principle components also takes advantage of these new 

spatial price data to infer the boundaries of existing markets. ^Mthough this approach has 
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not been previously used to identity geographic markets, it has long been used in other 

studies to identity latent variables and clusters of attributes. 

The third avenue of research utilized here involves reproducing the important 

characteristics of these markets in the laboratory and testing the effects of changes in 

some of the key parameters. 

The argument that follows begins in Section 1.2 with a brief overview of some of 

the pertinent literature in three areas; electric utility concentration analyses, other spatial 

industry concentration assessments and methods, and antitrust market definition studies. 

An equilibrium model of a spatial network market is proposed in Chapter 2, and the 

comparative statics are developed for the case of location pairs. The newly available 

pricing data are then described in Chapter 3. In Chapter 4 the overall research approach 

and hypotheses regarding the nature of the spatial markets are offered. The 

cointegration analysis of the longer-run data is presented in Chapter 5, to identify the 

currendy existing level of spatial market integration. A second analysis of shorter-run 

price data is performed using the principle components extraction in Chapter 6, to 

identify "natural" markets that currendy exist. Experimental economic techniques are 

used examine the effectiveness of these two analytical techniques in Chapter 7, and some 

recent collaborative research utilizing experimental methods is identifed in Chapter 8. 

The findings from this experimental program are presented in Chapter 9. Chapter 10 

provides conclusions drawn from the findings and results of the three research 

approaches. 
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1.2 - PERTINENT LITERATURE 

The existing academic literature addressing market extent and power can largely 

be classified as electric utility industry specific concentration assessments, general spatial 

industry concentration assessments, and antitrust. Because costs are private information 

in the electric power industry, and the existing market institutions are fairly rigid, most 

empirical researchers have focused on estimating the concentration of sellers in the 

market rather than estimating market power directly. 

The electric utility specific research (Weiss, 1975; Spann, 1976; Schmalensee & 

Golub, 1984) has largely followed this path. The number of firms and their capacities 

can be measured in an existing market, and the number of theoretically optimum sized 

firms in post-deregulation scenarios are easily calculated, given a few assumptions. This 

approach, however, depends crucially on the means of defining what each market 

consists of geographically. These three studies utilized either geographic circles 100 -and 

200 miles in radius around load centers, or transmission regions to define these relevant 

markets, and then either counted existing firms or deduced the number of optimally 

sized firms the loads would support. The latter of these studies utilized simulated 

Coumot equilibria at each of the load centers as a means of incorporating some sense of 

demand elasticity and degree of seller competition into the model. 

General spatial industry concentration studies have devoted much more attention 

to determining how big the relevant spatial market might be. A great number of 
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authorities ranging from Coumot' to Areeda and Turner" have asserted that markets can 

be defined by the extent to which the spatial prices of a good are related. Early 

approaches tried to define the market as an area that exported relatively little and 

imported relatively little to and from other markets, or one in which stochastic prices 

tend converge to some unobservable stationary difference in the long run (Elzinga & 

Hogarty, 1973; Horowitz, 1981). 

Others (Stigler & Sherwin, 1985) have asserted that the correlation between two 

spatial prices, corrected for common intluences, can be taken as a test of the law of one 

price. Here, if locational prices were perfectiy correlated it would indicate high allocative 

efficiency since the elimination of arbitrageable differences results in locational 

differences that must reflect only transaction costs, transportation costs and local 

marginal values. Thus, spatial price time series data could be tested as support for a 

subjective evaluation of the appropriate relevant market. Switching regimes models have 

also been proposed to account for the periods in which the spatial price difference is less 

than those transaction and transportation costs (Spiller& Huang, 1986). More recentiy 

the "law of one price" approach has been applied to spatial market determination by 

attempting to identify cointegrating relationships between spatial price pairs (De Vany & 

Walls, 1993; Walls, 1994; De Vany & Walls, 1995). If the price time series are non-

stationary and in the same market, arbitrage should produce a stationary, or 

' "(a market is) not a certain place where purchases and sales are carried on, but the entire territory of 
which the parts arc so united by the relations of unrestricted commerce that prices there take the same 
level throughout, with ease and rapidity." Coumot, A., trans by N.T. Bacon NY 1960 pg. 51 

- "close price relationships among products over a substantial period of time are sufficient to establish a 
strong presumption that the products should be included in the same market" Areeda P and Turner 
DF, Antitrust Law 1978, pg. 352. 



cointegrating, relationship between the two. These may be estimated individually or as a 

vector autoregressive model (VAR). Still, other authors take issue with the "law of one 

price" approach (Werden & Froeb, 1993) as being overly sensitive to the possible 

omission of common influences. 

In a more recent working paper, De Vany and Walls (1997) have applied the 

measurement of cointegrating relationships to a wholesale electric power data set. They 

examine roughly fourteen months of daily wholesale prices at eleven locations in the 

Western States Coordinating Council (WSCQ using a VAR model. Their results, 

discussed in some detail later, show more market integration off peak than on peak, iind 

a significant fraction of location pairs with unit correlations and zero transmission costs. 

From an antitrust perspective, the problem of geographic market definition for 

spatial industries becomes central to the legal arguments in antimerger proceedings. The 

Court established in Grinnelt, that both Sherman §2 and Clayton §7 violations require 

definitions of the relevant markets. Unfortunately the judicial system has been less clear 

•and less consistent regarding just how to define them. The Department of Justice 

Merger Guidelines identify relevant markets by the degree to which they are isolated 

from substitutes, and thus able to sustain price increases. A large number of scholars 

(e.g. Scheffman & Spiller, 1987; Baker & Bresnahan, 1992) have described tests for 

concentration or market power which might satisfy the DOJMG criteria. Unfortunately 

all of these tests require information that is almost always unavailable, such as: the price 

elasticity of supply, residual demands, or the price elasticity of demand. 
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The current environment of changing regulation at the federal level has brought 

the subject of market power in electric power markets back to national attention. This 

was retlected in the breadth and depth of comments submitted to the FERC regarding 

the Open Access NOPR"*. Here the central question was not antitrust perse, but whether 

markets were workably competitive to the extent that market based pricing could replace 

cost-of-service based price regulation. But historical prices now exist for a handful of 

different locations in the country. In discussing the relevant geographic markets Joskow 

(1995) reflected on the use of historical pricing data in defining such markets: 

"Evidence regarding actual trading patterns of the relevant products 
during the pre-open access regime can provide usefijl information for 
defining the smallest reasonable relevant geographic market. i\lthough all 
utilities do not now have open access tariffs in place, there has been 
extensive trade in energy and capacity in wholesale markets for decades. 
A good set of open access rules can only help to expand the boundaries 
of the relevant geographic market, (assuming transmission services are 
priced properly). As a result, the definition of the relevant geographic 
markets informed primarily by historical trading patterns will tend to lead 
to relevant geographic markets that are unrepresentative, indeed generally 
too small, of what will emerge in an open access regime." 

Clearly, the next step is to assess the current state of these markets using the 

newly available spatial pricing data in conjunction with other relevant information. If an 

analysis of historical pricing indicates that the existing (regulated) markets approach some 

workably competitive standard, we can take comfort in Joskow's assertion that the 

analysis is overly conservative. 

^ United Statts v. Grinnell Corp., 384 U.S. 563, 570-6 (1966) 
"Promoting Wholesale Competition Through Open Access Non-discriminatory Transmission Services 

by Public Utilities," Docket No. RM95-8-000 and "Recovery of Stranded Costs by Public Utilities and 
Transmitting Utilities," Docket RM94-7-001. These two Notices Of Proposed Rulemaking together 
are sometimes referred to as the Mega-NOPR, and were subsequendy enacted with certain changes as 
reRC rules 888 and 889. 
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2 - MARKET MODEL 

A general characterization of the wholesale market for electric power in this 

countr)' is provided below, and an equilibrium model of network markets is presented. 

This equilibrium is determined through maximizing the sum of the total costs and 

benefits at two locations joined by a transmission path. Local quantities demanded and 

supplied, and the quantity transmitted serve as choice variables. The relevant 

comparative statics are derived, and the use of non-price exogenous data is discussed. 

2.1 PRIOR STRUCTURAL MODELS OF SP.^TIAL M^\RKETS 

To model the spatial market for electric power, we begin with a general network 

structure comprising a number of locations, some of which are directly connected to 

others by transmission capacity. Power may be produced and injected into this 

transmission grid at any or all locations, or nodes, and power may be withdrawn from 

the grid and consumed at any or all nodes. This kind of structure has been adapted to 

many models of equilibria between location pairs or among groups of pairs, even when 

transmission losses are included in the model®. 

Enke (1951) proposed solving for the Coumot-Nash equilibria of spatially 

separated markets of homogeneous goods by constructing electric circuits to model the 

tlows. This problem was then recast (Samuelson, 1952) as a maximization of net social 

payoff, defined as total welfare across locations less transportation costs. ^\n appropriate 

® See for example, Dafermos, S and A Nagumey (1987) "Oligopolistic and Competitive Behavior of 
Spatially 5ieparated Markets." Regional Science and Urban Economics 17 245-254 or Miller, T, RTobin, 
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set of Kuhn-Tucker conditions for the solution was determined several years later 

(Takayama & Judge, 1962). The Takayama & Judge solution converted the domain of 

the welfare integrals to price, resulting in a quadratic programming problem which was 

not a function of quantity, but of location specific prices. The basis for this line of 

development was the gains firom exchange that would result from initiating trade 

between two locations. Given this basis, the result is intuitive; that identifying an optimal 

set of spatial prices results in a positive change in welfare for both locations. The market 

that is modeled here is only slightiy different: trade between locations exists, and agents 

at each of two locations choose the quantities they will produce or export and consume 

or import. Prices are endogenous, and the results imply a relationship between these 

spatial prices. 

2.2 GRAPHICAL MODEL OF THE EXISTING POWER IVLARKETS 

A hypothetical network diagram is shown in Figure 2.1, containing five locations 

and five transmission connections arranged in a non-radial configuration. Because a 

large number or arrangements are possible even for a relatively small number of 

locations, the model developed below focuses on only two locations and a single 

interconnecting transmission path. This is done without loss of generality, if the local 

demand and supply systems are net of other imports and exports. 

and T Friesz (1991) "Stackleberg Games on a Network with Coumot-Nash Oligopolistic Competitors" 
Journal of Re^onal Science 31 (4) 435-454 
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Specifically, flows of power from location / to location and from location h to 

location / are incorporated in the 

demand and supply systems, FIGURE 2.1 
SPATIAL N ETWORK DIAGRAM 

respectively, at location /. Similarly, the 

flow from location k to location j shown 

in this diagram is included in the supply 

system at location j. 

©, 
" O —  

It is also worth noting that 

(T)' 
spatial equilibria between two local ^ 

power markets are not determined directly by the intersection of the local net demand 

and net supply curves, due to the presence of transmission costs and losses. The model 

developed below explicidy includes per unit transmission costs, and ignores losses. In 

the naturally occurring environment, transmission losses regularly range from near zero 

to over ten percent of the injected flow quantity. The effect of including such losses is 

discussed in the Model Implications section of this chapter. 

The static equilibrium for this situation is shown graphically in Figure 2.2 for the 

two locations, / and j. Trade would occur in this case with a quantity of power, .v^, being 

sold and transmitted from location i to location j without any quantity loss. The linear 

demand and supply functions at locations i and j are net of all imports and exports 

except those to locationsy and i respectively. The assertion is made, that if any power 

flows between these locations, it is from i toyj as flows in the reverse direction could be 

modeled symmetrically. 



FiGiJRii: 2.2 
Sl'ATlAL EQUILIBRIDM 

LOCATION / IOJCATION j 

Demand at / 
Supply at j 

Demand at j 

Supply at / 

Q Q Hi + 
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2.3 NEOCLASSICAL MODEL OF THE EXISTING POWER MARKETS 

The derivation of the algebraic relationship between two spatial prices in this 

environment proceeds as follows: a) the total consumer surplus or benefit resulting from 

a given demand curve is calculated, b) the total producer's costs firom a given supply 

curve is calculated, c) the sole constraint restricting the flow of electric power from 

location / to j to be non-negative is stated, and d) the Karush-Kuhn-Tucker conditions 

for welfare maximization are developed and discussed. 

Let a linear demand fijnction at any location /be given by: 

1) di = ai -SiPi, with any shift in that function given by variations in or* Let a 

linear supply function at any location / be given by: 

2) 5/ = ^ + YlPly with any shift in that fijnction given by variations in N'ote 

that all parameters in I) and 2) are greater than zero for typically shaped fijnctions. If 

is the quantity demanded at location /, the total benefit given by B, is: 

Because the electric power flow is defined as from location / to location j\ the 

total quantity supplied at location i is: 

4) Sj = qj + Xjj where is the quantity of power flowing from / to J, and the total 

quantity supplied at location j is given by: 

5 )  S j = q j - X i j .  
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Using these two total quantities, the total costs at each location are given as: 

1 2 ^ 
6) C/=—5f+—5/ for /G/,y 

The first derivatives of the benefit and cost equations, 3) and 6), are pnce and 

marginal cost at each location, shown below for later reference: 

dBj 1 Oj 
7) — = -—qi +~ = Pi znd 

dqi Si di 

I "/ -
8) i ~ Pi ^Tom the local demand hinctions. .\nd 

cqj Oj J Sj J 

dCi 1 6} 
9) — = —Si + — = mq and 

Yi Yi 

\ 0 j  
10) —— = —Sj +—-mcj trom the local supply fiinctions. 

c S j  Y j  Y j  

If we now let tjj represent the per unit cost of transportation from / to j, the 

total cost of transmitting power between the local markets becomes The 

maximization problem of net welfare can then be written as follows: 

11 a) MAX Bj + Bj - Cj - Cj - tijXjj 

lib) s.t.: Xij^O 

lie) S i = q i + X i j  

lid) S j = q j - X i j  
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Here, the constraint on non-negative flow appears in lib), and constraints 

requiring both of the local markets to clear take the form of lie) and lid). Presented as 

a Lagrangian: 

12) 2 ^ ^ ' 

24 ^ &, 

- 1  2  .  ^  

k W '  - J  

1 2 ^ 
J, + S; 

Ur, ' Yi 

1 2 
Sj + S i 
' rj 

- U j X i j  

The objective hjnction in 12) is convex and differentiable, and all constraints are 

linear and differentiable. Taking partial derivatives with respect to the tn^e choice 

variables and the three Lagrangian multipliers yields the First Order Necessary 

Conditions that determine the requirements for an optimal solution: 

13) = 0 
S, 5, 

14) 

15) 

16) 

1-7) 

M-
sq," 

dJ . 

05, • 

dJ 

d s ^  

M-
Sc.. 

1 
+  — - c r  =  0 

5 ' 6 J 1 

1 
—5, + —+ // = 0 

r ,  r ,  

I 
S . + —+ <T = 0 

yj rj 

- / + A - + cr = 0 



26 

18) —; x„=0 
' dA " 

dJ 19) —: q , + x - s , = Q  
dn 

20) 1^: 

It is easily seen that the second order sufficient conditions for maximization 

hold, since the second order partials of equations 13) through 17) are less than or equal 

to zero. Combining equations 13) and 15) and substituting equations 7) and 9) yields: 

1 or, I 
21) Pi =-T<Ii + T = -" = + 7" = ' 

4 ^ Yi Yi 

and similarly for equations 14), 16), 8) and 10): 

«/ 1 Oi 

S . ^ j  • s ' ^ ~  y O j  O j  Y j  Y j  
22) P j  ~  ~ ~ r ^ j ^  ~ — 5 ,  +  — =  m c ,  .  

Using these results to substitute for the Lagrangian multipliers in 17) yields: 

23) -tij + A- Pi+pj=Q or, Pj=Pi+tij-X. 

The interpretation of 18) and 23) requires the examination of the two conditions 

corresponding to the binding or non-binding of only inequality constraint, lib). When 

1 lb) is not binding, the flow is greater than zero and the Lagrangian multiplier becomes 

zero. In this case 18) is not meaningful, and 23) becomes: 

24) P j = P i + h j -



When lib) is binding, the tlow is equal to zero and the Lagrangian multiplier 

necessarily takes on a positive value. In this case 18) is meaningful, and 23) remains as 

shown above. Rearranging 23), pj — Pi - ^, the economic interpretation of the 

two conditions is more clear. At equilibrium, we expect the difference in the spatial 

prices to be equal to the per unit cost of transmission when power is flowing between 

the locations. When no power tlows between the locations we expect the spatial price 

difference to be less than the per unit transmission cost. 

2.4 MODEL IMPLICATIONS 

Because we wish to only examine the observed prices at nodes /-and j, there are 

three possible broad regimes of spatial trade and price formation that could exist, 

characterized by 23): 

a )  P j < P i + h j  

b )  P j = P i + h j  

c )  P j > P i ^ U j  

In case (a), the difference in the spatial prices is less than the per unit cost of 

transmission between the two locations, and no trade would take place. Consequendy 

no equilibrium conditions bind the two spatial prices, and these could move randomly 

with respect to each other. Such price movements might be driven by small changes in 

trade with other locations driven by shifts in the proximal or distal supply or demand 



systems at either node. Functionally, the two locations are no longer connected by a 

(cost effective) transmission link. 

In case (b), the difference in the spatial prices is equal to the per unit 

transmission cost from node i to node j. In this regime, any shifts in the demand or 

supply systems would result in equal price changes at both locations. Thus the goods 

(local electric power) would be substitutes since the coefficient on local price is positive, 

iind the local and remote prices would move in the same direction. 

The case (c) regime, in which the spatial price difference exceeds the per unit 

transmission cost, would indicate that total gains from exchange were not being 

maximized. We would e.Kpect competitive pressure to move the realized prices toward 

the equilibrium in this case. If the quantity traded increased, moving the demand price 

down and the supplied price up, both buyers and suppliers would increase their surplus. 

Through this process the price difference would be reduced as it converged to the 

transmission cost, and case (c) would show a negative spatial price correlation as it 

converged to case (b). 

Recall that the introduction of shifts in the supply and demand systems are 

modeled as variations in a., and 9.,. Such variations result in linear shifts in the 
V V 

equilibrium prices as indicated by 7) through 10). If an increase in a, shifted that 

demand function, would increase and , per 23), drive an identical increase in p. if,Vy 

were greater than zero. Thus the impacts of shifts in the local supply and demand 

functions should be reflected in the observed spatial prices. 
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Relaxing the assumption that no transmission losses occur, let the amount of 

power exported at / remain and define the amount of power imported aty as -kxj'. 

The physics of electric power flow dictate that these losses are ahvays incurred, and that 

the losses increase non-linearly, approximately as the square of the tlow. This means 

that the quantity supplied aty would now be + kx^' and this expression 

would become constraint lid). This produces two slight changes in the result: 

17') —; +/l-;U+o-(l-2Aa:„) = 0 and 

23") p,+ p^{\-2kx,j) = Q. 

Because the term (l-2/fe,\;^ is necessarily less than one, the implications of the 

change are quite straightforward. The binding case result shown in 24) becomes: 

24') Pj = P\P, where = t^/{\-2kx^^ and yff, = \/{\-2kx^) > 1. Thus the 

estimated price coefficient, should be slighdy greater than unit)' for perfectly 

correlated prices due to the presence of transmission losses. 



30 

3 - Data Description and Sources 

The recent expansion of interest in electric power deregulation in this country 

has collaterally inaugurated a number of new products and services, some of which 

provide information which may more clearly illuminate the market structure and 

dynamics of this evolving industr)'. Specifically, the Western States Power Pool 

experiment began in 1987 and subsequent developments resulted in the federal collection 

of price, quantity and duration information for a certain class of power transactions 

among the 15 firms involved. That experiment was extended beyond its' initial two year 

horizon and has since been replaced by a set of permanent tariffs that apply to all WSPP 

members (currendy over 150). Electric power futures contracts became available on the 

N'ew York Mercantile Exchange on March 29, 1996 and options on those futures began 

trading one month later. Supporting the interest in the financial markets, several 

independent firms began to collect and publish transactions prices and daily price indices 

for a few specific locations in the United States, beginning with the California-Oregon 

Border (COB). By mid-1996, daily high, low, and composite prices were being calculated 

and published for 13 US regions^ 

These data provide, for the first rime, the opportunity to assess the 

interrelatedness of the regional electricity markets in this country using something more 

concrete than simulations based on assumptions regarding supply and demand 

elasticities. The published spot prices are determined by third-parties, who poll utilities 

® Data for 13 regions is currendy being published in MegaWatt Daily (Pasha Publications), other 
publishers may be covering additional markets. 



and electricity brokers. The transactions for power are compiled, and price spreads 

and/or volume-weighted average prices for a number of locations are reported^. The 

locations are either the intermediate points of purchase/delivery, or are the general sub-

region in which the transaction took place. Prices for both specific locations and for 

sub-regions were examined in this analysis. 

3.1 COINTEGR.\TION .-^N.^LYSIS DATA 

One of the sources of data analyzed herein was the Power Markets Week's Price Index 

Database^ (PMW) published by McGraw-Hill. This data set contained weekly, non-firm, 

peak and off-peak price spreads and/or indices for the period October 1994 through 

early September 1996. The peak transaction prices were compiled for 6 locations as of 

10/94, with an additional 10 locations beginning at later dates. Weekly off-peak data 

were available beginning in 1996 for 14 of the locations. Due to the large number of 

weeks for which volume weighted indices were not provided, all PiMW data were 

assembled as the midpoint of the high — low price spread for the given week. Only sL\ 

of the locations for which PMW data were available are utilized in this analysis; those in 

the Western States. The data series in the Central and Eastern portions of the country 

were less complete and represented a smaller fraction of the existing transmission nodes 

in those areas. In addition, the Western grid was viewed as a better site for analysis 

because the grid is simpler, with greater distances between nodes. This set of locations 

yielded fewer redundant paths and thus enhances the interpretation of market integration 

• Gratitude for repeated e.xplanations of this proccss is due to Byron Jorden, Editor, Power Markets Week, 
McGraw-Hill. 
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tests. A map of these locations is shown in Figure 3.1, below. Some daily data was also 

provided in the PMW data set, but these series were relatively short and available only 

for a few locations, and were not subjected to any analysis. 

Figure 3.1 

SPATIAL PRICING \[AP FOR WEEKLY DATA 

MDC 

COB 

MID\ © 
MED 

FCR 

PVD 

Specific geographic locations are labeled and marked with the symbol © 

In any econometric estimation approach, the inclusion of e.xogenous variables which 

may have a causal relationship with the data is tremendously important. In all energy 

markets one of the most important e.xogenous factors is weather, and in electric power 

markets variations in the weather are thought to account for the majority of the near 
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term variation in demand. For this reason heating degree-day and cooling degree-day 

data were assembled for each location for which weekly data were available in the 

Western grid. A. heating degree day is defined as 65°F less the daily mean temperature, or 

zero, whichever is greater. Similarly a cooling degree day is the daily mean temperature 

less 65°F, or zero, whichever is greater. The locations at which these data were collected' 

were based on the location of the transmission node and, where appropriate, on the 

spatial population density of the area. The seven relevant heating degree day recordings 

were summed for each week to form the heating observation, and similarly for the 

cooling observation. In some of the analyses described in Chapter 5 these weather data 

were differenced once, to provide an approximation of the unexpected weather. 

In addition two dichotomous, or binary dummy, variables were constructed for 

the analysis of the weekly data. The first of these was the "flow dummy", which was 

defined for each pair of adjacent locations. This variable was defined to be one 

whenever the relative magnitude of the prices at those adjacent locations were typical, 

-and zero otherwise. For example, the mean weekly peak price in the Southwest pool is 

higher than the mean weekly peak price at Four Comers, so the SWP-FCR flow dummy 

was constructed to be one for every observation in which the Southwest price was 

greater than the Four Comers price and zero when they were equal or when the 

Southwest price was less than the Four Comers price. The intent of this variable was to 

' M weather data was procured from the U.S. Department of Commerce, National Climatic Data Center, 
CSD Library. Expert assistance in location selection was graciously provided by Mark Siederman, 
Meteorologist, NCDC. 



capture the difference in transmission losses that result from the grid being used to 

transmit power in an atypical manner. 

The second binary dummy was constructed to capture the existence of futures 

and options on electric power delivered in the Western States. This "Nymex dummy" 

was defined to be one for all observations after April 30, 1996 and zero for all prior 

observations'. Because the "law of one price" approach (and thus the estimation of 

cointegrating relationships between location pairs) tests the existence of arbitrage 

opportunities, it was assumed that the existence of a financial hedging device might alter 

those opportunities. The Nymex dummy allows the estimation to account for that 

change as well as to test the effectiveness of the fijtures and options. 

3.2 PRINCIPLE COMPONENT .\N.\LYSIS DAT.\ 

A second data set was obtained from Economic Insight's Energy Market 

Report^ (Ei\IR), consisting of daily high and low transaction prices for six specific 

locations and sLx sub-regions in the Western States. These locations and subregions are 

shown in Figure 3.2. EMR also collected these data by poll, but these reported price 

spreads reflect the scheduled, non-firm, transactions for delivery the following day. 

-All of the EMR data was assembled for analysis as the midpoint of the high -

low price spread for the given day. This E^IR daily data series begins on February 13, 

1995, ends on November 7, 1996 and includes six observations per week (one for each 

' NYMEX futures for electric power delivered at COB/NOB and options on those futures began trading 
3/29/96 and 4/30/96 respectively 
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week-day and one for the week-end). The resulting number of possible observations was 

526, and the price time series data for 11 of the 12 locations were 

Figure 3.2 
SPATIAL PRICING MAP FOR DAILY DATA 

MDC 

COB 

CRK 

CRK 
NCA CRK 

CRK 

MID 
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PVD 

Each state or part thereof, included in a sub-region is labeled in italics 
Specific geographic locations are labeled and marked with the symbol © 

more than 80% complete, the exception being the series for British Columbia which 

only contained 166 observations. For that reason, the Canadian data was excluded from 

the analysis. The observations available and the locations for each of these three types 
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of rime series data (weekly peak, weekly off-peak, and daily peak) are shown in Table 3.1 

A three character variable name for each location's price time series is also shown in the 

table, and these names are used throughout the following Chapters. 



Table 3.1 
LOCATION DESCIUITIONS AND OBSIIRVATION COUNTS 

Daily Peak Price Weekly Pciik Price Weekly Off-Peak Price 

Variable 
Name 

COB 

MDC 

MID 

MED 

FCR 

PVD 

S\W 

NWR 

NCA 

SCA 

ISW 

CRK 

Geographic lojcation Name 
(Specific Physical Location or Sub-Region) 

Cidifomia-Oregon Border 
(Malin, Oregon) 

Mid-Columbia River 
(Ephrata, Washington) 

Midway/Sylmar Substation 
(Bakursficld, California) 

Lake Mead / Hoover Dam 
(Las Vegas, Nevada) 

Four Comers Power Station 
(Shiprock, New Mexico) 

Palo Verde Nuclear Station 
(Phoenix, Arizona) 

Southwest Power Pool 
(Hot Springs, Arkansas) 

Northwest Rocky Mountains 
(Oregon, Wash., Idaho, Montana) 

Northern California 
(North of Midway/Sylmar) 

Southern California 
(South of Midway/Sylmar) 

Inland Southwest 
(Arizona, New Mexico, El Paso,) 

Central Rocky Mountains 
(Colorado, Utah, N. Nevada) 

No, Obs. 

502 

432 

460 

484 

468 

484 

524 

511) 

515 

519 

477 

Meiui 

13.62 

13.17 

14.53 

15.71 

15.33 

15.72 

13.20 

14.04 

14.66 

15.53 

14.01 

No. Obs. 

101 

101 

71 

71 

101 

71 

Mciui 

14.87 

14.29 

14.54 

16.05 

16.43 

23.24 

No. Obs. 

35 

35 

35 

35 

35 

35 

Mean 

7.58 

6.75 

7.69 

9.21 

9.14 

13.36 

u> 
-J 
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4 - General Approach and Hypotheses 

The overall hypothesis of this research is that none of the agents in the existing 

electric wholesale markets have any significant market power because the Western grid is 

well integrated to the extent that the markets are large and the resulting concentrations 

are extremely low. In addition, certain aspects of the supplier's cost structures in the 

electric energy industry may also be responsible in part for the competitiveness of these 

markets. 

Two empirical, analytical approaches probe this hypothesis; cointegration testing 

examines the strength of relationships between locations, and a principal component 

;inalysis identifies the existing natural market boundaries. The weekly data are used for 

the cointegration testing because that data set covers a longer time period than the daily 

data. .-Mso, weekly observations may be more appropriate for an equilibrium model that 

captures the effects of medium term phenomena such as seasonal flow variation and 

possible weather impacts. The daily data are used in the principal components -analysis 

to identify the extent of the markets in the West by analyzing the relative price 

correlations. These data are more suited to this task than the weekly data because the 

observation period is much shorter and because there are many more observations, both 

of which lead to more meaningful correlations. 

Both of these techniques are then applied to a sample of experimental data to 

highlight their respective strengths and weaknesses. 
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A third, experimental, approach seeks to identify those factors that impact the 

ability of an oligopoly to exert market power in an environment similar to the Western 

electric energy markets. The experiments test the effect of changes in certain market 

trading rules and cost structure components, on oligopoly performance. 

With regard to the cointegration testing, if this is a valid testing method and 

locations are well-linked, several key characteristics of these markets should be evident: 

HI.) Electric power in one location is a substitute for power in another location. 

The market model in Chapter 2 shows electric power at two distinct locations to 

be substitutes if the system is in equilibrium and power is being exchanged. More 

importantly, if this substitutabilit)' can be verified, it may serve as a strong indication that 

the underlying markets at both locations are workably competitive. 

H2.) .\djacent market linkages are stronger than more distant markets. 

This follows directly from the existence of (non-linear) losses that increase with 

distance. The reduced losses may also be observable as price coefficients that are slighdy 

less than unity. 

H3.) Off-peak markets have smaller price differences and longer linkages than peak 

markets. 

The reduced power tlows in the evening are thought to mitigate transmission 

losses, resulting in larger markets. This is a well known "folk-theorem" and also a result 

of standard mathematical network models (Bohn, Caramanis & Schweppe, 1984). 
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H4.) Local variations in retail demand cause variations in the residual wholesale 

demand and are reflected in the local and adjacent nodal prices (if markets are 

linked). 

H5.) The availability of trading in fijtures and options on fijtures increases market 

integration. 

These financial instruments provide another means to arbitrage prices between 

two specific locations (e.g., COB and PVD) and thus should narrow the price spread 

between them unless the locations already form part of a perfectly competitive market. 

This is because the electric spot markets are residual markets: energy available 

after satisfying native load and existing contracts on the supply side, and requirements 

after self-generation and contract purchases on the demand side. N'ymex futures 

contracts are "hard" contracts for physical delivery, and thus each contract sold takes a 

bite out of the residual supply quantity for the days in the contract's delivery period. .-Vs 

important as this effect on quantity is, over time agents in the market can see the 

relationship (if any) between what they could have sold power for on Nymex, and what 

they could have sold the same residual supply for at spot. We must believe that over 

time, they choose the more profitable action - thus high futures prices will attract sellers 

and reduce future residual supplies, raising those prices, until the process equilibrates. 

If the principal components approach to market identification is valid, and if the 

markets comprising the Western grid are larger than single node, that analysis should 

reveal several key characteristics of these markets: 
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H6.) The locations comprising a market should be contiguous and form a single, 

reasonably convex, group. 

In short, each market should be a geographic area, created by local cost 

structures, local demand idiosyncrasies, and the costs and losses involved in inter-market 

exchange. 

H7.) The markets should be positively, but imperfecdy correlated. 

.\s in any group of markets for homogeneous goods, sufficient price vanadon for 

a good in one market will increase or decrease the relative attractiveness of that same 

good delivered in an adjacent market. If these two spatial goods are substitutes (see HI.), 

the price correlation between their respective markets should be positive. 

These hypotheses .ire examined in Chapters 5 and 6. In each, the analytical 

technique is briefly described, and the results are detailed and interpreted. Chapter 7 

utilizes these same techniques to analyze some data obtained in experiments intended to 

highlight the effects of transmission constraints in simple electric networks. The 

applicability of each analytical technique and the results, are compared. 

.\11 of this research examines the extent to which spatial prices are interrelated. 

VtTien they are, a general interpretation is that the underlying trade is increasing the level 

of competition at both locations. At each of the locations examined in this research, in 

the worst case the local suppliers constitute an oligopoly. A separate, although closely 

related, series of questions addresses the impacts on oligopoly behavior, of changes in 

the supplier cost structures, oligopoly size, and market institutions. Some experimental 

research has begun to address these issues as part of a larger collaborative research 
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program underway at the University of Arizona's Economic Science Laboratory. A 

working paper detailing that portion ot the research program which examines market 

power issues in this industry, is included as Appendix A. In accordance with the 

Graduate College requirements. Chapter 8 provides an overview of this research and 

identifies the candidate's role in, and contribution to, the research detailed in the 

appended working paper. Chapter 9 summarizes the experimental design and the key 

findings of that research. 
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5 - The Cointegration of Spatial Prices 

Cointegration tests were used extensively by De Vany and Walls to identity long 

run relationships between locational price time series, which they interpreted as a 

retlection of the efficiency of price arbitrage between those locations. As Werden & 

Froeb pointed out, cointegration analysis may be problematic because the technique 

requires that the data series be nonstationary, or that they contain unit roots. To test for 

the existence of unit roots, each of the weekly data series was plotted and the 

autocorrelations and partial autocorrelations for the tirst ten lags were calculated and 

plotted. The series was differenced once and these steps were repeated. .\11 of the 

weekly off-peak and all of the longer (more than 35 observations) weekly peak data 

showed signs of first order integration. Because the same market processes were 

generating all of the observations it was asserted that all of these series have unit roots 

and thus that cointegration tests would yield interpretable results. 

Some researchers (De Vany and Walls) have taken an approach to cointegration 

analysis utilizing the estimation of vector autoregressive models, .\lthough V.AJl models 

are without any structural theory, likelihood based estimates of V.\Rs are subject to 

inference tests. In this case the rank of the resulting coefficient matrix indicates the 

number of cointegrating relationships (Johansen, 1995). The remarkable flexibilit}' of 

V'i\R models has an unfortunate consequence in that the results may vary with respect to 

the model specification and normally several equally reasonable specifications exist, 

comprising different numbers of lags, with or without intercept terms and or data trend 

terms. The level of cointegration detected can be sensitive to any of these, as well as the 
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ordering of the variables in the estimation. Due to this indeterminacy of results, V'AR 

analysis of these data was not pursued. 

5.1 - COINTEGRATION .'\NALYSIS METHODOLOGY 

The method of cointegration testing used here was to estimate a linear 

relationship, referred to as a linkage model, between the prices for each pair of locations. 

A long run (cointegratin^ relationship was inferred by an estimation which yields 

significant coefficients and residuals which were free of autocorrelation or unit roots. 

These estimations were performed using an OLS regression. The residuals from the 

regression were then subjected to a Breusch-Godfrey (LaGrange Multiplier) test for 

serial correlation using one and two period lags. When the F statistic for this test 

regression rejects the unit root model at p > 0.05, a cointegrating relationship is inferred. 

Several kinds of linkage models were utilized, ranging from simple price-only 

models to more complex models using interacted variables and e.\ogenous weather data. 

In each case, the selected linkage model was estimated for each possible pairing of the six 

spatial price series, resulting in fifteen different pairings. 

5.2 - SIMPLE LINKL^GE MODEL 

Three possible relationships between the prices formed at a pair of locations 

were given by the comparative statics results of the market model in Chapter 2. The 

algebraic form of those results are identical however, so a single linkage model can be 
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utilized here 

(26) pj — Pq •'r Pip, + B 

without asserting which market conditions are binding. If the locations are in 

equilibrium with power flow between them, will be positive and near unity, while if 

they are in equilibrium without flow, that coefficient should be zero. If they are in the 

process of equilibrating, that coefficient should be negative. 

The results of these initial estimations are shown in the Tables 5.1 and 5.2 which 

utilized the weekly peak price data and the weekly off-peak price data, respectively. Each 

cell in the tables contains the estimated coefficients, fio and /0„ above their associated p-

values in parentheses. Results shown in boldface represent estimated linkage models 

which successfully rejected autocorrelation in the residuals, and are thus cointegrated. 

Table 5.1 
SIMPLE LINKAGES - PEAK; , /?O ANDPT 

\[DC COB \[ID PVT) FCR 

COB -1.09 1.03 
(0.00 0.00) 

\nD 
0.24 0.87 

(0.77 0.00) 
1.22 0.85 

(0.08 0.00) 

PVD -2.06 0.995 
(0.10 0.00) 

-0.41 0.93 
(0.73 0.00) 

1.29 0.82 
(0.29 0.00) 

FCR -1.19 0.88 
(0.32 0.00) 

0.74 0.80 
(0.55 0.00) 

1.00 0.84 
(0.46 0.00) 

-0.54 1.03 
(0.26 0.00) 

SWP 10.51 0.10 
(0.00 0.09) 

11.26 0.10 
(0.00 0.08) 

12.51 0.09 
(0.00 0.17) 

12.91 0.14 
(0.00 0.03) 

13.25 0.12 
(0.00 0.04) 
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Table 5.2 
SIMPLE LINKAGES - OFF PEAK; PO AND P, 

MDC COB MID PVD FCR 

COB -0.81 0.998 
(0.00 0.00) 

\aD 
-0.81 0.98 
(0.04 0.00) 

0.10 0.97 
(0.78 0.00) 

PVD -4.56 1.24 
(0.00 0.00) 

-3.49 1.21 
(0.00 0.00) 

-3.16 1.19 
(0.01 0.00) 

FCR -5.00 1.28 
(0.00 0.00) 

-4.07 1.27 
(0.01 0.00) 

-3.07 1.17 
(0.07 0.00) 

-0.77 L08 
(0.22 0.00) 

SVCP 5.92 0.06 
(0.16 0.84) 

8.12 -0.04 
(0.05 0.89) 

9.73 -0.15 
(0.02 0.61) 

8.51 0.05 
(0.01 0.83) 

8.70 0.04 
(0.00 0.84) 

Note in the tables that the markets are arranged in rough proximity from left to 

right and that the last market (S\VP) is not part of the WSCC, but is the adjacent sub-

region to the east (closest to FCR). 

This simple linkage model clearly reveals several of the key characteristics of 

these markets, and persuasively supports the hypotheses that at least some of these 

closer regional markets are strongly interdependent (H2), and that the local markets are 

competitive enough to force the transmission cost constraint to bind (HI). Both tables 

show a similar pattern with regard to the point estimates of the parameters and their 

statistical significance. The /?/ estimates are positive, nearly unity and highly significant'" 

for markets that are close together, while they tend toward zero and are insignificant for 

market pairs that are further apart or more poorly connected. This indicates that the 

more distant pairings are not as well linked as the closer pairings. The SWP prices show 

neither cointegrated relationships with the spatial prices within the WSCC, nor any 

The p-values shown in the Tables in this chapter may be inaccurate for those results which are not 
cointegrated, due to the existence of serial correlation in the estimation residuals 



meaningful pt estimations. Very clearly, the linkage between this easternmost area and 

•any of the WSCC markets is poor. The Po estimate is generally significant, indicating 

only a conditional mean price difference. 

One notable difference between Tables 5.1 and 5.2 (peak and off-peak data) is 

the increase in the number of market pairings which exhibit a cointegrating relationship. 

.•Mso the mean transmission cost, as indicated by the magnitude of Po, decreases 

dramatically during the off peak period. Both of these differences may indicate support 

for H4. De Vany and Walls (1997) found a similar pattern in these coefficient estimates 

using V.AJl techniques on daily data. 

Comparing these initial results to other, earlier academic research dso shows 

some important differences. COB and MDC are appro.Kimately 250 miles apart "as the 

crow tlies" and represent the two closest locations in this initial assessment, second only 

to P\T) and FCR at 375 miles. The fact that the prices at these location pairs are 

cointegrated strongly rejects the assertion that electric markets can be defined over 

geographic city-centric regions 100 to 200 miles in radius. Thus the potential markets 

analyzed by Spann or by Schmalensee and Golub are necessarily biased toward higher 

concentration (less competitive) equilibria. Off peak prices show that location pairs 

spiinning even greater distances (over 800 miles for MID to MDQ are linked. 

5.3 - ENHANCED LINKAGE MODELS 

The initial linkage model may be enhanced by including other variables such as 

structural dummies to account for flow regimes and the existence of related financial 
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instruments, as well as testing the use of spatial weather data. The direction of power 

flow between locations was not taken into account in the initial cointegration analyses, 

but is a clear constraint of the model. It is possible that more than one flow regime 

could be responsible for the formation of the observed prices. For example, if during 

certain seasons or operational modes, the flow of electricity between a particular location 

pair were to reverse, it is reasonable to assume that the flow (and therefore the losses) 

might be different than when the flow was in the "normal" direction. The above analysis 

pools these conditions, and the model in Chapter 2 suggests that it is critical to account 

for these cases. The results shown in Tables 5.3 and 5.4 were generated by estimating 

the linkage model below, which includes the flow regime dummies (one dummy viiriable 

for each pairing in each data set) constructed as explained in Chapter 3. 

(27) =  P ^ + I 3 , p , + +  e  

Here the variables are as previously described, with the addition of , the flow 

regime dummy. If the / and j markets are interrelated and the production at a distant 

node is a substitute for local production, then the estimate of Pi should be positive, and 

closer to one for nodal pairs which are closer or more well connected. The estimate of 

should approximate the transportation and transaction costs between the pair of 

locations when the flow regime is typical. Each table displays the dependant {/) variable 

as a column heading, with the estimated values for Po^P^ A th^ 

appropriate independent variable. The associated p-values are shown below each 

estimated coefficient in parentheses. 
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Table 5.3 
FLOW REGIME LINKAGES - PEAK; P0+P2 AND p, 

MDC COB MID PVD FCR 

COB -1.122 1.008 
(0.055 0.000) 

\aD -1.120 0.926 
(0.002 0.000) 

2.527 0.906 
(0.000 0.000) 

PVD -2.014 0.931 
(0.009 0.000) 

0.321 0.801 
(0.000 0.000) 

0.011 0.840 
(0.000 0.000) 

FCR -1.971 0.888 
(0.027 0.000) 

0.046 0.805 
(0.000 0.000) 

-0.056 0.832 
(0.000 0.000) 

0.589 L017 
(0.019 0.000) 

S\W 9.561 0.131 
(0.001 0.025) 

9.990 0.139 
(0.000 0.011) 

10.060 0.157 
(0.000 0.004) 

11.357 0.178 
(0.000 0.001) 

11.738 0.163 
(0.000 0.002) 

Table 5.4 
FLOW REGIME LINKAGES - OFF PE.-VK; P0+P2 AND PI 

MDC COB .MID PVD FCR 

COB 0.113 1.002 
(0.680 0.000) 

\aD 0J79 0.977 
(0J39 0.000) 

0.601 0.977 
(0.016 0.000) 

PVD -1.703 1.134 
(0.315 0.000) 

U88 0.936 
(0.289 0.000) 

4.097 0.722 
(0.003 0.000) 

FCR 0J55 1.013 
(0.845 0.000) 

4.047 0.742 
(0.015 0.000) 

6.417 0.557 
(0.001 0.000) 

0.690 0.961 
(0.188 0.000) 

S\W 8.668 0.320 
(0.010 0.184) 

10.31 0.244 
(0.001 0.227) 

11.01 0.163 
(0.000 0.379) 

10.29 0.214 
(0.000 0.253) 

10.25 0.184 
(0.000 0.265) 

These results closely resemble the results in Tables 5.1 and 5.2, except that more 

of the pairings .ire shown to be cointegrated. Again, /?, tends to approach unity for 

many of the intra-WSCC pairings, but is quite small for the S\VP-WSCC location pairs. 

The De Vany and Walls approach utilizes a network equilibrium model which recognizes 

the importance of non-negative flows, but omits that requirement in the estimation 

model. Consequently, they provide no comparable results. 
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i\n additional enhancement to this linkage model tests the use of other 

exogenous variables, as suggested by others (De Vany and Walls, Johansen, Spiller and 

Huang). Local weather has long been considered to be a primary determinant of local 

electricity demand, and because weather tends to be serially correlated, it's inclusion may 

impact the assessment of cointegration between locations. Including the heating degree 

day and cooling degree day data for all locations yields the model below: 

28) Ap, + + PlWCi + + Pŝ Cj +peWHj + s 

Here, W C  and W H  represent the cooling and heating degree days for the 

subscripted locations respectively, and is retained as the flow regime dummy viinable. 

Estimating this model using the peak period data yields the results (/Xj+A and p,) shown 

in Table 5.5. 

Table 5.5 
FLOW REGLME &c WEATHER LINK.\GES - PEAK; PO+PI AND PI 

MDC COB MID PVD FCR 

COB 0.501 1.002 
(0.091 0.000) 

MID 1.341 0.852 
(0.087 0.000) 

-0J99 0.871 
(0.584 0.000) 

PVD 0.744 L033 
(0.583 0.000) 

3.472 0.883 
(0.005 0.000) 

4.497 0.879 
(0.000 0.000) 

FCR 1.568 0.935 
(0.236 0.000) 

3.406 0.905 
(0.018 0.000) 

3.851 0.825 
(0.001 0.000) 

-0.693 1.006 
(0.132 0.000) 

SWP 15.654 0.065 
(0.000 0.414) 

16.144 0.046 
(0.000 0.529) 

15.412 0.065 
(0.000 0.369) 

14.557 0.097 
(0.000 0.173) 

18.074 0.035 
(0.000 0.584) 

This linkage model yields cointegrated relationships for 9 of the 10 pairings 

within the WSCC, all of which have p, estimates that are positive and close to one 

(averaging 0.906). 
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Unfortunately, while this model does explain much of the observed variation in 

the spatial prices, it may not be useful in ascertaining the extent of the existing markets. 

Differences in regional weather patterns are clearly important, and econometrically 

correcting for those patterns, as in Table 5.5, can clearly improve the estimated linkages 

between the locations. But one cannot "correct for" the weather in the naturally 

occurring environment. Indeed, if systematic weather patterns create separate demand 

systems in two locations, no econometric adjustment will ever make the two markets 

one. 

Yet the markets under examination here result from residual demand and residual 

supply interaction, and in the long run these residuals should not be functions of the 

local, typical weather. Shocks in the weather, on the other hand, should produce the 

movements in the residual demand indicated in Equation 13). These shocks are better 

appro.ximated by first differences in the weather data. The linkage model below 

incorporates these differenced weather data, and was estimated for the peak pricing data: 

2^) Pj~ Po-^ Pip, + P2p^ + Ps^^, + + Ps^Q + P6^Cj + e 

Here, A H  and A C  represent the one period changes in heating and cooling 

degree days for the subscripted locations respectively, while all other variables are as 

previously described. Table 5.6 contains the results of this estimation, and displays Po^P^ 

and P, with the associated p-values for each location pair. 
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TABLE 5.6 
FLOW REGIME & AWEATHER LINFCAGES - PEAK; P0+P2 -•^ND PI 

.VIDC COB .VFLD PVD FCR 

COB -1.130 1.009 
(0.073 0.000) 

.VHD -0.931 0.911 
(0.001 0.000) 

2.608 0.901 
(0.000 0.000) 

PVD -2.016 0.930 
(0.015 0.000) 

0376 0.797 
(0.000 0.000) 

0.221 0.829 
(0.000 0.000) 

FCR -1.760 0.875 
(0.026 0.000) 

0.183 0.800 
(0.000 0.000) 

0.095 0.820 
(0.000 0.000) 

0.606 L019 
(0.011 0.000) 

SWP 8.688 0.166 
(0.001 0.005) 

9.326 0.164 
(0.000 0.004) 

9.540 0.179 
(0.000 0.002) 

10.732 0.203 
(0.000 0.000) 

11.230 0.183 
(0.000 0.001) 

Note that these results show more linked markets than the linkage model 

including only flow regimes, and fewer than the linkage model using raw weather data. 

Even so, the model in Chapter 2 clearly indicates that local supply and demand shifts 

should be a component of the local price, not additive to local price. 

One other variable was discussed in Chapter 3 which might impact the 

measurement of these linkages, the existence of financial arbitrage instruments such as 

the fijtures contracts and the options on tutures that are now trading on the New York 

Mercantile Exchange (Nymex). Because these fijtures are contracts for physical delivery 

they can strongly effect the amount of residual electric power that is available or desired 

in any particular spot trading period. It is possible that the existence of these 

instruments could effect both the mean differences in prices as well as the 

responsiveness of spatial prices, so the dummy variable is included in the linkage model 

both alone and interacted with the local price, as shown below: 

30) Pi = >00 + PiPi + fijpiNjmsx + fiJVyniex + Ps^i + Ps^j + Pr^Q + PsACj + e 
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Thus the mean difference in the prices between any two locations during typical 

flow regimes and after the introduction of Nymex instruments, would be the sum of the 

significant coefficients fSo, >52,and P4. Similarly, if the Nymex instruments' existence were 

to change the correlation of spatial prices, would be significant and should be added 

to Pi to show the total response of/>^ to changes in />,. The results of those estimations 

are shown in Table 5.6, using the peak period data. A linear time trend variable was also 

constructed and included in these estimations to test the importance of the date Nymex 

instruments became available, and was found to be insignificant in all but three cases 

(and economically insignificant in those). That series of econometric results has been 

included in its entirety as Appendix B., as a typical example of these cointegrating 

estimations. 

TABLE 5.7 
FLOW REGLME, AWEATHER & NYMEX UNKAGES - PEAK; P0+P2+P4, -\ND PF^PS 

IVTDC COB -VOD PVD FCR 

COB -1.095 1.002 
(0.063 0.000) 

.VQD -0.790 0.887 
(0.001 0.000) 

2.747 0.869 
(0.000 0.000) 

PVD 1.387 0.790 
(-0.008 0.000) 

-0.121 0.7U 
(0.051 0.008) 

-0.788 0.900 
( 0.047 0.000) 

FCR 1J13 0.824 
(0.031 0.006) 

2.130 0.729 
(0.015 0.003) 

0.825 0.724 
(0.019 0.010) 

0.062 1.055 
(0.022 0.000) 

SVW 9.091 0.135 
(0.003 0.035) 

9.526 0.144 
(0.000 0.020) 

9.901 0.140 
(0.000 0.020) 

11.849 0.375 
(0.000 0.040) 

12.320 0.345 
(0.000 0.039) 

5.4 RESULTS SUMNL^RY .\ND COMP.\RISON 

Both peak period prices and off peak period prices were used in the simple 

linkage model analysis, as well as in the analysis enhanced by the inclusion of a flow 
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regime dummy variable. Two additional analyses utilized only the peak pricing data 

because the effects of weather changes and the fijtures contract deliveries pertain only to 

the on-peak period of the day. 

Remarkably, every statistically significant estimation of a price coefficient was 

positive, providing overwhelming support for HI., that distant electric power is a 

substitute for local. This also argues that the transmission cost constraint was binding in 

all cases, and thus that local markets were workably competitive. 

Hypotheses H2., H6. and H7. (adjacent locations would be more strongly linked 

than more distant location pairs, form convex geographic markets, which reveal positive 

correlations) are also supported by the cointegration analyses. The closer and adjacent 

locations tend to show more cointegration linkages, regardless of the model used. The 

most sophisticated model's results, shown in Table 5.7, could be interpreted as 

describing two large markets within the WSCC connected by three cointegrating links. 

This is the interpretation of the identified linkages for which 100% of the intra-market 

locations are linked, and the percentage of inter-market links is minimized. The first 

market would include COB and MDC only, and the second would encompass MID, 

PVT), and FCR. 

Exogenous weather data and financial arbitrage also appear to have some role in 

explaining these spatial price relationships, supporting H4. and H5. in part. Differenced 

weather data has been used to serve as an instrument for local demand or supply shocks, 

and its use increased the number of location pairings that were linked firom 4 to 6, during 

the on peak hours. Even so, the effect on the estimated price coefficients and constants 



was generally quite small. The differenced weather data may in fact still contain unit 

roots, and therefore be increasing the number of cointegrated relationships by 

accounting for some of the remaining serial correlation in the estimation residuals. 

Similarly, the effect of the Nymex dummy is statistically significant in 7 of the 15 

estimated relationships, but does not appear to have a strong economic impact for most 

spatial pairs. The only Nymex instruments currendy traded provide for physical deliver^' 

at P\T) and COB, and for that spatial pair the result is quite striking. Before the 

availability of these financial instruments the constant and price coefficient for this pair 

of locations was 4.96 $/Mwh and 0.713, repecdvely. After the introduction of the 

futures and options these estimates shift to 1.21 S/Mwh and 1.07. Pure rime trend 

variables were not significant for this model, indicating that the availability of Nymex 

instruments decreased the COB-PVT) price difference by 3.75 S/Mwh and increased the 

correlation of these prices 50%. 

The most meaningful results may be those produced by the estimation which 

most closely approximates the model in Chapter 2, the simple linkage model with the 

flow regime dummy. These results. Tables 5.3 and 5.4, show a very clear difference 

between the location pairings within the WSCC and those between the WSCC and SWT. 

On peak, the price coefficient estimates intra-WSCC all approach unity while the five 

inter-pool price coefficients range between 0.13 and 0.18 (all of which were significant at 

5%). Off peak, the intra-WSCC price coefficients change very little, while the inter-pool 

price coefficient estimates all statistically become zero. Although the SWP is adjacent to 

the WSCC region, and quite close to FCR, the transmission path between the two is 
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extremely limited". This quite strongly suggests that the cointegration analysis is capable 

of distinguishing between the two equilibrium cases identified by the market model in 

equation 23). The results indicate that the price difference on peak is great enough to 

create exchange between the WSCC (FCR in particular) and SWP, albeit over a 

constricted path entailing some losses, yielding price coefficients noticeably less than one. 

Off peak, the price difference is insufficient to promote that exchange and the price 

coefficients become zero. The mean values for the prices at FCR and SWP confirm this, 

showing SWP to be 7.19 §/i\Iwh greater than the FCR value on peak, and 4.25 $/Mwh 

greater off peak'^ 

Typical and maximal transfers are 200 and 420 iNlW, respectively. By contrast, maximal transfer 
capabilities from FCR to P\T) and PVD to MID are 1,550 and 7,365 respectively, 
http://www.wscc.com/96tc4-96 

Refer to Table 3.1 for these mean price data 
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6 - Principle Components Analyses 

If a fixed number of markets comprised all electricity transactions in the western 

portion of the country, some evidence of those markets should appear in the resultant 

pricing data. The focus of a principle component analysis is to identify some of the 

possible common (causal) factors, like market activity, that underlie the observed data. 

Given that a number of markets exist, the flindamentai assertion is that price movements 

at locations within each market should be more closely related to that market's price 

movement, than to the price movements of other markets. .-V principle components 

analysis should help to identify which locations are active in which markets, and thus the 

e.xtent of each market. 

6.1 PRINCIPLE COMPONENTS METHODOLOGY 

The principle components (PCs) of the data are linear combinations of the data, 

much like indices, that are statistically selected in such a way that each PC accounts for 

the largest possible portion of the observed variation in the data. In many ways, this is 

analogous to the manner in which the Dow Jones Industrial Average represents, or 

accounts for, the price movements of large industrial firms' equity prices. Identifying the 

PCs of the data effectively identifies the composite indices that account for the majority 

of the observed variation in the data. 

If several separate markets for wholesale electric power exist in the WSCC, they 

are expected to be geographic or spatial, and would likely have some positive correlation 

among them. .A. PC should e.\ist for each market, and each should reflect the price 
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movements unique to that market. The spatial prices for locations active in each market 

would be expected to correlate highly with the PC for that market, and less so with the 

PCs for other markets. Thus the existence of principle components that are closely 

linked to local price movements is a necessary condition for the existence of well defined 

spatial markets. 

The daily spatial price time series data were used for the PC extraction, because 

the frequent observations are more suited to the accurate revelation of meaningful 

correlations. Here, a correlation matrix was constructed. Table 6.1, of the daily on-peak 

pnces at eleven locations within the WSCC. The eigenvalues of that correlation matrix 

were extracted and are shown below the matrix in that Table. 

Eigenvalues in this context are best thought of as standardized variances, thus 

standardizing the variance of each variable to one, the sum of the eigenvalues equals the 

number of variables. Each eigenvalue shown is associated with a given portion of the 

variation observed in the data. The eigenvector associated with each eigenvalue 

represents a linear combination of the variables capable of accounting for the stated 

portion of the variance in the correlation matrix. Each eigenvector is also referred to as 

a principal component or a factor. 
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Table 6.1 
WSCC PRICE CORRELATION i\L\TRix& ASSOCIATED EIGEIVVALLTES'^ 

Correlarion Matrix: 

MDC COB NW NCA MD SCA MED PVD ISW FCR CRK 

MDC 1.00 
COB .969 1.00 

.988 .971 1.00 
NC\ .916 .945 .910 1.00 
.VAD .906 .937 .900 .967 1.00 
SCA .878 .908 .873 .949 .979 1.00 
MED .810 .831 .809 .896 .928 .951 1.00 
P\T) .817 .832 .818 .895 .923 .937 .969 1.00 
ISW .807 .820 .809 .890 .911 .933 .971 .979 1.00 
FCR .791 .801 .797 .868 .892 .911 .952 .954 .964 
CRK .874 .867 .874 .885 .904 .911 .918 .917 .915 

LOO 
.933 1.00 

Eigenvalues: 

Prin Comp Eigenvalue % of Var Cum "'o 

1 10.00026 90.9 90.9 
2 .59032 5.4 96.3 
3 .16109 1.5 97.7 
4 .07192 0.7 98.4 
5 .04926 0.4 98.8 
6 .03479 0.3 99.2 
7 .02737 0.2 99.4 
8 .02315 0.2 99.6 
9 .01859 0.2 99.8 
10 .01331 0.1 99.9 
11 .00994 0.1 100.0 

Data from Economic Insight as reported in Energy Markets Week: Daily peak prices 2/13/95 to 
11/7/96, 6 per week. Row-wise deletion of missing values yielded 371 observations. 
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Mathematically, these PCs can be rotated, allowing them to be described relative 

to any number of different bases; much like being viewed from different angles. The 

PCs are initially identified using a basis which is orthogonal, so that none of the PCs are 

correlated with each other. i\n orthogonal rotation retains this independence among 

PCs, while a non-orthogonal or oblique rotation allows correlation among the PCs. The 

rotated PC retains its unique relationship with its eigenvalue, and all of the possible 

rotations are equally valid in terms of their ability to account for the stated portion of the 

variation in the data. In some cases, a rotation can be found that highlights the 

differences in the correlations of various locations with the PC, and this rotation is 

referred to as a simple loading. For simple loadings, some locations will have very high 

correlations with the PC, while others will have very little. The type of rotation used in 

this analysis was an oblique rotation which allows more freedom in finding simple 

structures and results in nonzero correlations among the PCs, just as the underlying 

markets would be expected to show positive correlations. 

6.2 PRINCIPLE COMPONENTS RESULTS 

Table 6.2 displays the relationships between the spatial prices and two different 

sets of principal components. While eleven PCs can be identified, it should be clear 

from Table 6.1 that only the first few are needed to account for the vast majority of the 

variation in the price correlations. 
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Table 6.2 
COMP.\RISON OF TWO AND THREE MARKET STRUCTURES - OBLIQUE ROTATION 

Infer-PC r.nrrelation Matrices: 

PC 2 
PC 1 
PC 2 

PC 1 
1.000 
.8387 LOGO 

PC 1 
PC 2 
PC 3 

PC 1 
1.000 
.1840 
-.0473 

PC 2 PC 3 

1.000 
-.3091 1.000 

Correlation Matrices: 

PC 1 PC 2 PC 1 PC 2 PC 3 

MDC .82271 .98935 .91472 .53064 -.27184 
COB .84196 .99100 .92973 .43824 -.32952 
N'\W .82321 .98718 .91399 .53935 -.25363 
NC\ .91195 .94787 .96237 .21770 -.25107 

\ND .93977 .93705 .97717 .16333 -.20200 

SCA .95906 .90704 .97904 .09848 -.12735 

MED .98696 .82627 .96697 -.00058 .09342 
PVD .98588 .82869 .96667 .02617 .11328 

.98791 .81677 .96350 .01365 .14250 
FCR .97899 .79909 .94992 .05104 .21681 
CRK .94281 .87721 .95298 .27613 .12553 

P.irtial Correlation Matrices: 

PC 1 PC 2 PC 1 PC 2 PC 3 

MDC -.02372 1.00924 .84706 .33497 -.12875 
COB .03649 .96040 .88121 .20671 -.22447 
NIVC/TL -.01593 1.00054 .84441 .35134 -.10560 
NCA .39440 .61710 .95689 -.02450 -.21395 
\AD .51879 .50195 .98219 -.07259 -.17855 

SCA .66870 .34621 .99584 -.12135 -.11834 

MED .99114 -.00498 1.00000 -.15621 .09185 
PVD .98064 .00624 .99427 -.11877 .12302 
ISW 1.02120 -.03969 .99308 -.12241 .15106 
FCR 1.0411 -.07407 .97091 -.05153 .24624 
CRK .69825 .29160 .93144 .17355 .22268 
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On the left hand side of Table 6.2, the results from selecting the largest two 

eigenvalues (those greater than 0.2) are shown, and on the right hand side the results 

from selecting the largest three (those greater than O.l) are shown. The Table contains a 

small matrix of the correlations among the PCs for each case, and matrices of the 

correlations and partial correlations between each location and the indicated PC. 

The non-orthogonal rotation technique used here. Direct Oblimin, seeks simple 

structure by maximizing the squared correlations with each PC, and allowing the PCs to 

be correlated with each other. The resulting representation ideally has locations with 

either high (in absolute value) or zero, partial correlations. These are sought simply 

because this representation has the most explanatory power. Note that the sign of the 

correlation between any location and any rotated PC is an artifact of the rotation, and 

has no meaningful interpretation. 

The resulting correlation matrices (sometimes called structure matrices) shown in 

Table 6.2 are simply the correlation between each location and each PC. But because the 

PCs themselves are correlated, this matrix can be difficult to interpret. Removing this 

between-PC correlation from the measured correlation between the individual spatial 

prices and each PC results in the partial correlation (or pattern) matrices also shown in 

that Table. 

.\s seen in Table 6.2, the existence of two markets in the western U.S. is strongly 

supported by this oblique rotation of the two PC model. This shows that the existence 

of two markets could account for the correlations observed in the pricing data. The "PC 

1" market would contain MID, SCA, MED, PVD, ISW, FCR and CRK, while the "PC 



2" market would comprise iVIDC, COB, NWR, and NCA locations. For each PC the 

locations in that market have high partial correlations (1.04 to 0.518) while the locations 

not associated with that PC have much lower partial correlations (-0.074 to 0.502). The 

first of these markets is identified by the data as Southern Califbmia, Nevada, Arizona, 

New Mexico, Utah, Colorado , and El Paso, while the second includes Northern 

California, Oregon, Washington, Idaho and Montana. The two markets show a positive 

correlation of nearly 84%. 

If we assert the possibility that three markets e.\ist in the WSCC, the results are 

significantly weaker. The three market model explains 97.7% of the variation in the data, 

which is 1.5% more than the two market model. The three markets would break out as 

follows: PC I becomes a general market which includes all of the WSCC. PC 2 appears 

as a sub-market in the Northern portion of the WSCC composed of MDC and NWR. 

The sub-market associated with PC 3 would be the central latitudes of the WSCC, and 

would include COB, NCA, CRM and FCR. Notably, all of these six locations associated 

with the two sub-markets have stronger correlations with the global market (PC 1) than 

they do with their respective local sub-markets. This level of overlap in the market 

structure is somewhat difficult to interpret. In addition to some overlapping areas, the 

correlations between the markets are weak and, and in two cases negative, which is also 

ver}' difficult to reconcile with the modem conception of regional markets for substitute 

goods. 

Models including 4 and 5 markets were also analyzed, and these structures were 

also difficult to interpret. These results, although not included here, continued to show 
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weak and negative correlation between markets, and a structure of markets in which one 

global market appeared, along with many weaker, ill defined, sub-markets. 

A variety of rotations was examined for the three market model, and only the 

orthogonal rotation provided a more readily interpreted result. In Table 6.3 the results 

of a Varimax (seeking maximal variance in the correlations) orthogonal rotation are 

shown for both the two market model and the three market model. 

Table 6.3 
COMP.MUSON OF Two .\ND THREE iVL\RKET 

STRUCTURES - ORTHOGONAL ROTATION 

PC 1 PC 2 PC 1 PC 2 PC 3 
.VIDC .45167 .88032 .45149 .87848 .10955 
COB .48142 .86644 46132 .84502 .23866 
N\W 45441 .87642 .45779 .87807 .08660 
NCA .63349 .73708 .59466 .69727 .35980 
.VIID .68829 .69581 .64857 .65510 .36631 
SCA .74639 .63108 .70828 .59195 .35499 
MED .86377 .47750 .84282 .45526 .24087 
PVD .85985 .48231 .84495 .46601 .20211 
ISW .87379 .46145 .86130 .44751 .18601 
FCR .87509 .44705 .87770 .44164 .08742 
CRK .74665 .59719 .76562 .61411 -.01451 

Because the PCs remain orthogonal, the correlation between PCs is zero and 

there is no need for the correlation matrices and the partial correlation matrices 

displayed in Table 6.2. The matrices in Table 6.3 are comparable to the partial 

correlation matrices in Table 6.1 

For the two market model, shown on the right, the results iure similar to those 

from the oblique rotation although less distinct. When the third market is added, it again 

appears to be a sub-market. In this rotation the third market (PC 3) encompasses all of 



California (NC.\, MID, and SCA), and all of this third market's locations show higher 

correlations to one of the other two market PCs, than the California market PC. While 

the correlation between the locations and the PCs have a more meaningful interpretation 

in this rotation, the correlation between PCs is necessarily zero, which again is difficult to 

reconcile with a neoclassicaJ view of adjacent markets for substitute (homogeneous) 

goods. 
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7 - EXPERIMEiNTAL TESTING of ANALYTICAL TECHNIQUES 

Both the cointegration analysis and the principle components analysis presented 

in the previous Chapters appear to provide some indication of the extent of spatial 

markets using only observed price variation data. If more information were available 

regarding the physical attributes of the market systems examined, or the quantities 

transacted, much more could be said about the structure of those markets, and thus 

about the validity of these two techniques. In other words, if we knew what the market 

structures were, we could test the analyses. While such information is largely lacking for 

the wholesale electric power markets in the Western United States, somewhat similar 

data has been obtained through laboratory experimentation. 

7.1 L-\BOR.\TORY E.V\QRONMENT 

One of the goals of the ongoing experimental research program at the University 

of .Arizona's Economic Science Laboratory has been to explore the effect of the unique 

characteristics of electric power markets on the behavior of the agents in those markets. 

To do this, an effort was made to replicate the economically important aspects of the 

naturally occurring wholesale electric power market, in the laboratory. These aspects are 

described below. 

At first glance the markets for wholesale (or bulk) electric power look like any of 

the spatially separated markets, where manufacturers and consumers are in different 

places but connected by a number of transportation routes. But for this commodity, a 

number of unique characteristics must also be taken into account. First, electric power is 



67 

perfectly fungible in the sense that one producer's output cannot be distinguished from 

that of another. Second, electricity is very expensive to store for any period of time with 

current technology, resulting in the need to ahvays balance total production with total 

consumption in real time. Third, that consumption includes losses in the transmission of 

the electricity, which are nonlinear with respect to quantity. Fourth, the transportation 

of bulk power over high voltage transmission lines is pooled, and all lines have maximum 

transmission capacities as well as the above mentioned losses. Finally, physics, rather 

than technology or economics, determines how much power flows over which links in 

the gnd. 

WTiile not an entirely unique chiiracteristic of electricity production, the unusual 

cost structure of this commodity also has important behavioral consequences. The 

generation of electricity requires relatively large and e.xpensive production facilities, many 

of which have low, slowly rising marginal production cost tunctions. These facilities tend 

to require significant amounts of time and hael to both initiate and to cease production 

activity. This results in large fixed costs associated with any interruption in the 

production of electricity. Consequently, a profit maximizing producer's price and 

quantity offerings into a market can be gready effected by the size of these "avoidable 

fuxed costs". 

The existence of cyclic demand and the inability to inventory electricity can 

create excess capacity in an industry, which in turn greatly exacerbates the difficulty in 

recovering fixed costs when the sale price of the good is near the marginal production 
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cost. This is the typical environment in which many suppliers of electric power operate, 

and these are the characteristics which may effect their economic behavior. 

7.2 EXPERIMENTAL DESIGN AND MARKET STRUCTURE 

series of experiments were designed and performed which reflected some of 

the characteristics detailed above, in order to examine the impact of transmission 

constraints (Backerman, Rassenti, and Smith, 1998). These experiments utilized a three 

node radial network with two levels of demand. The data obtained from these 

experiments were analyzed for impacts on the distribution of surplus in the above 

mentioned reference, but also provide observations of spatial prices at three locations 

under well defined conditions. 

The experimental network was designed to hinction as a single market, and the 

treatment variable, consumer demand, was manipulated to produce either a low or a high 

demand case. The competitive equilibria all involved some level of trade, with the outer 

locations (nodes Gl and G2) selling to the center location (node B). Even so, losses in 

transmission were e.xaggerated in this parameterization and one of the two transmission 

lines had a maximum capacity below the unconstrained flow at the high demand 

equilibrium. Thus in the high demand cases, the trade between node G1 and node B had 

a maximum quantity constraint which the sellers discovered, and responded to by 

reducing the offered quantities and raising prices. 

Of the eighteen experiments performed, ten utilized a version of the uniform 

price double auction mechanism called the other-side rule, and the remainder utilized an 
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efficiency enhancing variant called the both-sides rule. Each experiment was composed 

of 19 to 29 periods, and all of the periods in any given experiment used an identical 

parameterization and treatment. 

7.3 COINTEGRATION ANALYSIS 

Several typical experiments were selected from this group, and the data from all 

three locations were first tested for unit roots using an .\DF 5% criterion. Some of the 

single experiment data series showed signs of first order integration, and none contained 

any indications of higher order integration. For all periods, the signs of the price 

differences between the buyers location and the sellers locations were constant, so that 

the use of a tlow regime dummy variable was unnecessary. The model shown below was 

then estimated for a sample of these experiments. 

26) p. = po + Pip, + S 

Typical results follow in Table 7.1, for high and low demand conditions and for the two 

different LTPDA mechanism rules. Each matrix in the Table contains the estimated 

coefficients, Po and above their associated p-values in parentheses. Results shown in 

boldface represent estimated linkage models which successfully rejected autocorrelation 

in the residuals. The tides over each matrix in the Table reflect the name of the 

e.xperiment, whether the G1 to B link was unconstrained or constrained at equilibrium 

(U or Q, and the number of unit roots identified in the spatial price time series at each 

of the three locations (Gl, B, G2). 
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TABLE 7.1 
TYPICAL COINTEGRATION RESULTS FOR EXPERIMENT.\L D.\TA 

Other-side Rule: 

10/12 U (0,1,1) 9/30 C (0,1,0) 

B GI B Gl 

G1 83.29 1.252 
(0.415 0.102) 

Gl 
196.3 0.542 
(0.000 0.001) 

G2 
109.9 1.003 
(0.000 0.000) 

129.4 0.046 
(0.000 0.468) 

G2 
134.1 0.864 
(0.000 0.000) 

17.04 0.731 
(0.510 0.000) 

10/19 U (1,1,1) 9/28 C (1,1,1) 

B Gl B Gl 

G1 142.7 0.750 
(0.000 0.000) 

Gl 
229.1 0.300 
(0.000 0.009) 

02 
99.47 1.071 
(0.000 0.000) 

47.54 0.673 
(0.028 0.000) 

G2 
149.4 0.786 
(0.000 0.002) 

132.6 0.005 
(0.056 0.990) 

Both-sides Rule: 

4/10 U B (1,0,0) 

B Gl 

Gl 
58.85 1.319 
(0.009 0.000) 

G2 25.40 1.610 
(0.096 0.000) 

10.97 0.941 
(0.472 0.000) 

4/12 UB (1,0,1) 

B Gl 

Gl 
143.1 0.700 
(0.000 0.000) 

G2 142.8 0.700 
(0.000 0.000) 

21.45 0.848 
(0.215 0.000) 

4/10 C B (0,1,1) 

B Gl 

Gl 
190.3 0.469 
(0.000 0.062) 

G2 
57.92 1.409 
(0.010 0.000) 

58.40 0.429 
(0.063 0.069) 

4/12 C B (0,0,1) 

B Gl 

Gl 
199.5 0.403 
(0.000 0.004) 

G2 
515.3 -1.835 
(0.010 0.007) 

255.4 -0.923 
(0.068 0.326) 

Table 7.2, on the following page, contains the observed spatial prices for each of 

these experiments, and is presented to provide a description of what was actually 

happening to the spatial prices in each experimental session. The data in those graphs 

are deviations in the competitive equilibrium prices for each of the three locations. 



TABLE 7.2 
EXPERIMENTAL RESULTS, PRICE DEVIATION FROM CE 

Other-side Rule: 

10/12 U 

Both-sides Rule: 

4/10 U B 

YV 

4/12 U B 

_ A 

9/30 C 

4/12 C B 

V V 
I 

1 

.\11 Diagrams show the Prices (in tokens), as Deviations from Competitive Equilibria. 
The three locations, from top to bottom, are: Gl, G2, the Buyer's node. 
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The mean quantity and price observations, rounded to the nearest unit, at all 

three locations in the experimental network are shown in Table 7.3 below. 

Table 7.3 
MEAN OBSERVED QUANTITIES .\ND PRICES 

Gl 
units @ Price 

B 
units @ Price 

G2 
units @ Price 

Unconstrained 39 @ 139 72 @ 245 42 @ 139 

Constrained 27 @ 125 61 @ 257 44 @ 146 

This Table shows that the maximum transmission constraint of 29 units clearly 

reduced flow from G1 to B, and only a small portion of this reduction was replaced by 

additional tlow from G2. The four competing sellers at G1 are unable, even with the 

output restriction, to raise their spatial price much above their marginal cost. Thus while 

their output drops, so does their price. In the constrained cases, the residual revealed 

demand apparent to the Gl sellers is sufficient for them to extract some price at least as 

great as 139, and this lack of demand side pressure (excess demand) allows the prices at 

Gl to vary only in response to local selling competition. In this sense, the unconstrained 

market may separate in the constrained treatment into a B-G2 market, and a Gl market. 

The two analytical techniques faced with these data both use the relative variation 

in the spatial prices over time in an attempt to group those locations whose variation is 

sufficiendy similar. The diagrams shown in Table 7.2 reveal some of this relative price 

variation. In the left-hand column of that Table, the unconstrained cases appear to show 

significant correlation in the prices at all three locations. However, it is difficult with the 
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naked eye, to determine which pairs ot lines are more correlated than others. The 

constrained cases, in the right-hand column, seem to show somewhat less correlation. 

Overall, the sporadic appearance of unit roots in the price data creates a 

significant problem in terms of performing any broad cointegration analyses. Only in 

two of the sampled experiments (10/19 U and 9/28 Q, are the prices at all three 

locations integrated order one, but cointegration requires that the spatial time series are 

integrated order one and that the estimation residuals are integrated order zero. 

Looking at the unconstrained treatments first, all three adjacent linkages between 

locations showing unit roots were cointegrated: G2-B in 10/12 U, and Gl-B and G2-B 

in 10/19 U. In each case the price coefficients are significant and close to one (averaging 

0.941), and the estimated constants are significant and somewhat close to the equilibrium 

price differences (150 for Gl-B and 72.8 for G2-B). The non-adjacent nodes, G1-G2, in 

the unconstrained treatments are cointegrated in Kvo cases: 10/19 U and 4/12 UB. 

Here the price coefficients are significant but less close to one (averaging 0.761), and the 

estimated constants are less significant and less close to their equilibrium price difference 

(77.2). 

Only one of the three adjacent linkages between locations showing unit roots was 

found to be cointegrated in the sample of experiments using the constrained treatment; 

the G2-B linkage in 4/10 CB. i\lso, the only non-adjacent linkage between locations 

showing unit roots in the constrained experiments was found to be cointegrated: G1-G2 

in 9/28 C. This particular estimation shows only a difference in means, with the price 
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coefficient insignificant and the estimated constant significant and near the equilibrium 

price difference. 

7.4 PRINCIPLE COMPONENTS ANALYSIS 

This same sample of e.Kperiments was then subjected to the principle components 

analysis used for the WSCC data. Again, for each selected experiment, a correlation 

matrix of the spatial pnces was constructed, and the eigenvalues were extracted. In each 

case the eigenvectors associated with the two largest eigenvalues were rotated to find the 

simplest structure. This rotation was non-orthogonal, which allows inter-PC correlation. 

The results are shown in Table 7.4. This Table is in the form of the structure matrices, 

or the partial correlations between each location -and the indicated principal component. 

The inter-PC correlation for each experiment is shown above each matrix in 

parentheses. 

.\s shown here, the e-xistence of two markets in any of these experiments is 

strongly supported by an oblique rotation of the two PC model. In all eight cases, the 

^vo largest eigenvalues accounted for between 87.9 and 98.1 percent of the price 

variation. In six of the eight experiments, nodes G1 and B form a market while G2 

appears as a separate market. Of the other two cases, 4/12 UB shows G1-G2 more 

closely linked while 4/12 CB shows G1 and G2 to be a separate markets with B 

approximately equally associated with both. Note that several of the partial correlations 

for experiment 4/12 CB are negative, but no particular interpretation of these signs is 

meaningful when the principle components have been rotated (as these have). 



TABLE 7.4 

TTTICVL PRINCIPLE COMPONENT RESULTS FOR EXPERIMENTAL DATA 

Other-side Rule: 

10/12 U (0.2231) 9/30 C (0.6505) 

Both-sides Rule: 

4/10 UB (0.8639) 

PC 1 PC 2 

B .9299 .3338 

G1 .2278 .9968 

G2 .9416 .1099 

10/19 U (0.6663) 

PC 1 PC 2 

B .9748 .6354 

G1 .6668 .9999 

G2 .9727 .6643 

PC 1 PC 2 

B .9846 .8574 

G1 .8641 1.0000 

G2 .9859 .8459 

4/12 UB (0.7743) 

PC 1 PC 2 

B .7802 .9942 

G1 .9273 .8208 

G2 .9705 .7228 

PC 1 PC 2 

B .9706 .6095 

G1 .6518 .9998 

G2 .9665 .6561 

9/28 C (0.1811) 

PC I PC 2 

B .7792 .6373 

G1 .1008 .9671 

G2 .9452 .0070 

4/10 CB (0.3646) 

PC 1 PC 2 

B .9668 .3576 

G1 .3646 1.0000 

G2 .9671 .3475 

4/12 CB (-0.2951) 

PC 1 PC 2 

B .7469 -.6847 

G1 .9501 -.1817 

G2 -.2217 .9613 
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It also generally appears that the differences in the partial correlations are greater 

in the constrained experiments than in the unconstrained, indicating a sharper separation 

of markets in the constrained treatments. This appearance is confirmed by noting that 

the average inter-component correlation for the unconstrained vs. constrained 

experiments are 0.6319 vs. 0.2253, respectively. The constrained treatment also tests as 

having a significant effect on the inter-component correlation in a Wilcoxon rank sum 

test, at p < 0.083. 

7.5 DISCUSSION OF RESULTS 

The nodes in all of these experiments were directly engaged in trade with the 

adjacent node, and indirectly with the nonadjacent node. Some quantity withholding at 

G1 was observed in almost every period of every experiment in the constrained 

parameterization, with the resulting tlow below the capacity of the Gl-B transmission 

link (and therefore constrained only by the selling agents). 

The cointegration testing yielded relatively few results due to the lack of first 

order integration in much of the data, although the few cointegrating linkages that could 

be identified are much -as expected for a small network of this kind. The estimated 

coefficients generally approximated their CE values, and three of the five linkages 

between buying and selling locations showing unit roots were cointegrated. The two that 

were not occurred under the constrained condition, although one of those (B-G2 in 

9/28 C) might be expected to show a stronger linkage. Thus all of the links that showed 

cointegration were e.xpected to, yet half of those that did not show cointegration were 
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also expected to. Even so, if the experimental treatment (constrained vs. unconstrained) 

were not known, these cointegration linkage tests would otter few clues. The 

cointegration analysis appears as an extremely weak test here. This may be due in part to 

the requirement that the data series contain a single unit root, potentially a significant 

problem and limiting prerequisite in the use of cointegration analyses. 

Principle components testing, in contrast, places no restrictions on the data series 

and the resulting groupings of locations are only a function of the variation among the 

data correlations. The price data generated in these experiments yielded principle 

components that were rotated to identify the most distinct groupings of locations. In 

every case a two PC model yielded more meaningful results than a single (or three) PC 

model. While two markets might be expected in the constrained cases, it is surprising 

that the differing cost structures and transmission losses were enough to account for the 

separation of markets indicated by this test. 

One e.xplanation is that the principle component analysis is extremely sensitive to 

variations in the data series, and this may be exaggerated by the abbreviated length of the 

senes used here. The correlation between the (non-orthogonally) rotated components 

serves as a measure of the correlation between the identified markets. This measure was 

also shown to be quite sensitive, enough so to show a statistically significant difference 

due to the constraint treatment. That difference was also of the expected sign, with less 

inter-market correlation in the constrained treatments. Any differences due to the 

market mechanism rule were too subde to definitively identify in this sample of 

experiments. 
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In comparison, it is clear that the two analyses may not provide identical results, 

and that the PC analysis may be more sensitive to spatial differences. 
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8 - Experimental Examinations of Mahket Power 

in Electric Power Networks 

8.1 OVERVIEW AND CONTEXT 

The only previous experimental research that has directly addressed the broad 

electric power industry consists of two field experiments. The first took place in the mid 

1980's (Acton, Besen, 1987) when the F^RC relaxed several of the rules governing bulk 

power transactions in a venture referred to as the Southwest Power Pool Experiment. 

Only the first year's results of those changes were analyzed, primarily for effects on 

efficiency and competitiveness. Four simultaneous changes were made to the prevailing 

regulations: pricing flexibility was permitted, 25% of the revenue from these exchanges 

was allowed to be retained by the shareholders, open access or forced wheeling was 

enforced, and aggregate information on exchanges (price and quantity) was revealed to all 

participants monthly. SLx diverse utilities in Arizona, Texas and New Me.xico 

participated voluntarily. Results showed that the relaxation of rules may have increased 

the competitiveness of the market (a bilateral oligopoly) even to the point of reducing 

prices below the theoretical competitive equilibria prices. The efficiency results varied 

with the analytical technique used. 

The second field experiment (Kemp, 1987) was the Western Systems Power Pool 

(WSPP) experiment mentioned in Chapter 3. The F^RC allowed*'* the fifteen utilities in 

the WSPP, totaling 82 gigawatts of capacity, to begin trading "bulk power" (wholesale 

Decision ER 87-97-001 
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electric energy) under more flexible pricing on a negotiated bilateral basis. While the 

F^RC order required that a final report on the experiment was to be filed by all 

participants, none exists at the FERC. Even so, the participants petitioned the FERC to 

extend the experiment. This was done, and the pricing rules eventually became a 

permanent tariff available to any WSPP member. The number of firms signatory to the 

WSPP tariff agreement had grown from the original fifteen to over 150, as of early 1996. 

8.2 C.\ND[DATE's CONTRIBUTION 

The approach to all research programs undertaken by the Economic Science 

Laboratory (ESL) is necessarily collaborative, and also relies in many ways on the 

contributions of prior experimenters. The electric power market research has not been 

an exception to this paradigm, but the current extension focusing on market power 

issues largely represents the efforts of the authors named on the appended working 

paper, .\mong them, the candidate was responsible for several aspects of this 

experimental study, which are brietly described below: 

1. Parameterization — the identification of experiment parameters which would 

capture the salient characteristics of the electric power industry. The key 

parameters included the relative levels of demand and length and shape of it's 

cycle, the ehisticities of supply and demand, the size of the avoidable fixed 

costs, the ratios of equilibrium prices and quantities traded at the various 

levels of demand, and the ratios of marginal and average costs of generation 

for each step in the supply schedules. 
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2. Conduct of the Experiments — the physical operation of the experiment'^. 

This included loading software, assigning parameters, manually operating any 

passive terminals (typically for transmission ownership which was not 

assigned in this research), operation of the monitoring terminals, answering 

subject questions, and handling and storing the resulting data. 

3. Graphical .Analysis of Results- the initial analysis of the e.\perimental data 

which was performed while the e.xperimental program was underway. This 

was done to assess progress and evaluate the planned treatment schedule. It 

included e.xtensive data manipulation and analyses, resulting in both price-

quantity plots of each experimental period's results, and histograms of price, 

efficiency, and surplus. Decisions regarding the value of extending or 

curtailing certain treatments were made based on these analyses. 

4. Econometric Data .Analysis — the final analysis of the experimental data used 

to identify the economically important treatment variables. This required: the 

assembly and review of all experimental data, calculation and loading of all 

competitive equilibria data, transformation of all data to deviation form, 

generation of binary dummy variables, design and generation of interacted 

variables, and the iterative regression analysis of this combined data set. 

5. Working Paper Exhibits - for the assembly of the working paper in it's initial 

draft form, to be submitted for peer review. This involved the numerical 

'5 This responsibility was shared, primarily with S. Backerman, co-author on the preceding working paper. 
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development of all Tables and Figures, as well as significant discussion with 

the co-authors regarding the interpretation of those results. 
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9 - Present Experimental Study 

The methods, results, and conclusions of this research are presented in the paper 

appended to this dissertation". The following is a sunimarization of the key aspects of 

that study. 

9.1 P.^RAMETERIZATION .\ND DESIGN 

The tocus of this experimental series was to identity the factors, if any, which 

might impact the producers ability to exert market power in deregulated wholesale 

electnc power markets in this country. To do this, several features of the currently 

existing (regulated) electric power markets needed to be captured, and certain 

assumptions about the tunctioning of deregulated markets needed to be made. 

The two key features of the e.\isting electric power markets which are least likely 

to change with deregulation are the cyclic nature of consumer demand, and a non-

convexity in the producer's cost function referred to as the Must-Run (MR) condition. 

Consumer demand is cyclic simply due to the diurnal nature of most people's lives, and 

most commerce and industry. This was modeled as three separate levels of consumption 

(peak, mid-level, and off peak), with a balanced, repeating cycle consisting of the 

following sequence of periods: two peak, one mid-level, two off peak, and one mid-level. 

The cost function of a typical large electric power production facility includes some 

avoidable fixed costs, for the reasons described in Section 7.1 (p. 59). These were 

modeled in the experiments by assessing a penalty to any producer who failed to 
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successfully offer into a market, a minimum quantity of output. These minimum 

quantities were defined in terms of their percentage of the lowest cost production 

quantity or step, either 50% or 100%. Hereinafter, these two conditions are referred to 

as the 50% MR and 100% MR conditions, with the 100% MR being the more restrictive 

condition. The remaining characteristics of the existing power markets were modeled as 

closely as possible in the appropriate parameters of the e.xperimental market. The 

resulting induced supply and demand systems were combined to calculate the theoretical 

competitive equilibria under all possible market conditions. Those competitive equilibria 

are shown in Table 9.1, below. 

Table 9.1 
COMPETITIVE EQUILIBRIA FOR .ALL MARKETS 

Peak Demand Mid-level Demand Off Peak Demand 

50% MR 100% iV[R 50% MR 100% MR 50% .MR 100% .MR 
Variable 

Price 475.3 475.3 260.4 260.4 131.5 0.0 

Quantity, or 3600 3600 2,880 2,880 2,040 2,040 
Load 

2,880 2,880 2,040 2,040 

Total, 945,380 945,380 839,340 839,340 596,040 535,560 
Surplus 

945,380 945,380 839,340 839,340 596,040 535,560 

Buyer (91,080) (91,080) 510,880 510,880 585,250 918,000 
Surplus 

(91,080) (91,080) 

Seller 907,430 907,430 284,700 284,700 56 (382,440) 
Surplus 

907,430 284,700 284,700 (382,440) 

Transmission 129,030 129,030 43,760 43,760 10,734 0.0 
Surplus 

129,030 129,030 43,760 43,760 10,734 

.•KppencUx A; "Spot Market Mechanism Design and Competitiveness Issues in Electric Power"; M. 
Denton, S. Rassenti, and V. Smith; Economic Science Laboratory, University of Arizona, July, 1997 
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Within this framework, the selected treatment variables were: the number of 

sellers — 3 vs. 6, the market mechanism — Sealed Bid Offer (SBO) vs. Uniform Price 

Double Auction (UPD.A), and the iVfR condition — 50% vs. 100%. 

These treatment variables were organized in a 2x2x2 factorial design as shown in 

Table 9.2 on the following page. Several experiments, each consisting of between 12 and 

30 trading periods, were run for each combination of treatment variables, as shown in 

that Table. Here, one experiment consisting of 24 periods is represented as "1 x 24", for 

example. These experiments yielded a total of 778 observations, after the adjustment of 

end-points for the creation of lagged variables. 

.\s previously stated, the focus of this research was the identification of any 

market power effects, and these are typically manifested as increased prices, decreased 

quantities, increased seller surplus, and decreiised consumer surplus. .\ny reduction in 

the quantities transacted will also reduce the measured efficienc)'. Thus, the key results 

recorded for each period in each experiment were the price, producer surplus, consumer 

surplus, and total surplus. Efficiency was calculated afterward, from the observed and 

theoretical total surpluses. In this way the raw data was first transformed into the four 

dependant variables: efficiency, produce surplus (PS), consumer surplus (CS), and price. 

These data were then compiled and reformulated as deviations from the 

appropriate theoretic competitive equilibria. Dummy variables were constructed to 

identify any effects due to the level of demand, the vanous treatments reflected in Table 

9.2, on the following page, and combinations thereof. These included the number of 

sellers (3 vs. 6), marker mechanism (SBO vs. UPDA), level of demand (off peak vs. 
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mid-level vs. peak), and the 

production quantity necessary 

for the sellers avoid incurring the 

additional tixed costs (100% i\(R 

vs. 50% NfR), among others. 

The final econometric 

analysis of these data involved 

the estimation of the equation 

below, where V represents one 

of the four variables of interest; 

31) Vt = /Si + Vc-i + /SrDi + /SjDs + + /SfDs + /SsD? + + Et 

\'ote that the dependant variable, lagged one period, has been included. This wiis found 

to be significant in all cases, and dramatically reduces serial correlation in the residuals of 

the estimation. The relevant dummy variables are defined below: 

D,: 1 for 6 sellers, 0 for 3 sellers 

D3: I for peak demand, 0 for mid-level or off peak 

D,: I for off peak demand, 0 for peak or mid-level 

D5: 1 for 100% MR, 0 for 50% MR 

D.: 1 for SBO mechanism, 0 for UPDA 

D,D,: 1 for 6 sellers and SBO mechanism, 0 otherwise 

D,Ds: 1 for off peak demand and 100% MR, 0 otherwise. 

Table 9.2 
EXPERIMENTAL TREATMENT DESIGN 

# of Sellers, 
Mechanism 50% MR 100% MR 

3 Sellers 

UPDA 

6 Sellers 

UPDA 

SBO 1 X 24 2 X 24 
3 X 30 3 X 30 

2 X 30 2 X 28t 
1 X 12 1 X 20 

1 x29t 
SBO 2 X 30 3 X 30 

3 X 12 3 X 12 

1 X 28t 1 X 29t 
1 X 30 1 X 30 
2 X 12 1 X 20 

indicates a recording error that resulted in the 
elimination of one or two periods of data 
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9.2 SUMMARY OF RESULTS AND INTERPRETATION 

The results of the coefficient estimations are shown in Table 9.3 as the point 

estimates and the associated p-values for each of the four dependent variables. Recall 

that all of the data were converted to deviations from competitive equilibria, so that the 

figures in this Table also reflect this deviation form. Note that, in order to assess the 

total impact of certain conditions, two of the coefficient estimates must be summed. 

Looking first at the efficiencies achieved in the various treatments, it is clear that 

this experimental environment was economically quite challenging to the subjects. 

Eftlciencies are better in mid-level demand periods (approx. 86%), although relatively 

low overall (approx. 74%). The SBO markets were more efficient than the LTPD.-V, and 

the 50% MR condition yielded higher efficiencies than the 100% iVfR in periods of off-

peak demand. Number of sellers had no measurable effect on the overall efficiency. 

Low efficiencies are the result of lower transaction quantities, and might be due to seller 

withholding, buyer withholding, or errors on the part of either agent type. 

The results for the three treatment variables are largely interrelated. The 

reduction in the number of sellers from 6 to 3 resulted in the exercise of market power 

when the LTDA mechanism was in use, and seems unaffected by the selling agent's 

avoidable fixed cost structure. From the Table, the coefficients for D, combine to reveal 

that using LTPDA, this reduction in the number of sellers will cause producer surplus and 

prices to rise and consumer surplus to fall. These effects are nearly canceled when using 
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Table 9.3 
REGRESSION RESULTS 

Dependant Variables 

Independent Variables 
Total 

Efficiency 
Seller 

Surplus 
Buyer 

Surplus 
Buyer 
Price 

Constant 
0.715 12,788 -22,213 71.38 

Constant 
(0.000) (0.000) (0.000) (0.000) 

Dependant variable, lagged 
one period 

0.105 
(0.001) 

0.307 
(0.000) 

0.324 
(0.000) 

0.316 
(0.000) 

D2: Number of Sellers, 
6 vs. 3: 1/0 

0.009 
(0.708) 

-11,365 
(0.000) 

13,146 
(0.000) 

-53.89 
(0.000) 

D3: Peak Demand, 
peak vs. not: 1/0 

-0.183 
(0.000) 

-4,931 
(0.000) 

-12,816 
(0.000) 

-17.34 
(0.000) 

D4: Off Peak Demand, 
off peak vs. not: 1/0 

-0.081 
(0.001) 

-7,428 
(0.000) 

2,828 
(0.171) 

-2.225 
(0.711) 

D5: Must Run Penalty, 
100% vs. 50%: i/0 

-0.007 
(-0.711) 

-8,911 
(0.000) 

8,511 
(0.000) 

-29.97 
(O.OOO) 

D7: Market Mechanism, 
SBO vs. UPDA: 1/0 

0.114 
(0.000) 

-9,749 
(0.000) 

17,621 
(0.000) 

-59.98 
(0.000) 

D2D7: 6 Sellers & SBO 
•Mechanism vs. not: 1/0 

-0.002 
(0.955) 

10,993 
(0.000) 

-12,600 
(0.000) 

55.92 
(0.000) 

D4D5: Off peak & 100% Must 
Run Penalty vs. not: 1/0 

-0.215 
(0.000) 

21,681 
(0.000) 

-30,680 
(0.000) 

117.4 
(0.000) 

.\djusted. R- 0.282 0.339 0.433 0.603 

F — statistic 37.72 50.85 75.15 148.3 

SBO, as indicated by the sums of these coefficients for D, and D2D7. The interacted 

dummy variable DjDj was tested and found to be largely insignificant. 

The enhanced operating flexibility provided by the 50% MR condition also had 

the effect of increasing producer surplus and price, while decreasing consumer surplus, 

although only in the peak and mid-level demand periods. The off peak demand periods 

strongly showed the opposite effect, so strongly that the overall effect of the change to a 
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50% MR condition is mixed: rising prices and consumer surplus with falling producer 

surplus. It is not surprising that the change in the avoidable fixed cost structure of the 

sellers has a strong effect in the off peak periods, since this is theoretically the only 

demand condition under which these costs have any impact. The signs of the effects are 

understandable, given that the distribution of possible outcomes is truncated by the 

experiment's inability to recognize any prices below zero (the competitive equilibrium). 

Prices remained above zero in the off peak periods possibly due to the e-vistence of Nash 

equilibria that arise if the avoidable fixed cost penalty is incurred by an agent chosen 

apparently at random. There is no point to reducing an offer price if the perceived 

likelihood of incurring the penalty is unchanged, and in this treatment at least one third 

of the sellers necessarily incurred that penalty. 
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10 - Summary and Conclusions 

The first order necessary conditions developed in Chapter 2 provide three 

possible bases for the formation of spatial prices. Prices in two connected locations may 

be constrained by the costs incurred in transmitting power from one location to the 

other, and therefore rise and fall together as shown in equation 24). If that constraint 

does not bind, then either the difference in spatial prices is greater than or less than these 

transmission costs. In the first case, price formation involves an increase in exchange 

(and gains from exchange) between two locations, and results in the spatial prices 

converging. If the spatial price difference is less than the transmission costs, as in 

equation 23), there should be no exchange and the spatial prices remain independent. 

Two econometric techniques were used to analyze spatial pricing data taken from 

the wholesale electric market(s) in the WSCC. Cointegradon tests, which have been used 

by others to help identity the extent of markets, showed many strong links within the 

WSCC and no links between the WSCC and the Southwest Power Pool. These results 

were obtained using flow direction dummy variables which significandy improved the 

-analysis, although they have not been utilized by prior researchers. 

The use of principle component analysis to identity the extent ot geographic 

markets is unprecidented in the economics literature. Oblique rotation of principle 

components of a spatial price correlation matrix clearly identify two distinct markets 

within the WSCC. 
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The premise of HI., finds broad support in that all of the price coefficient 

estimates in Chapter 6 and all unrotated correlations in Chapter 7 were positive, 

indicating that power being traded at one location is a substitute for power traded at 

another location, a conclusion mirrored in the experimental research and findings. This 

stands as strong support for the argument that transmission cost constraints are binding, 

and thus that local markets are workably competitive. Hypotheses H2., H6. and H7. 

(adjacent locations would be more strongly linked than more distant location pairs, form 

convex geographic markets, which reveal positive correlations) are also well supported by 

both analytical techniques. Both Table 5.7 and the two market results in Table 6.2 

indicate that the existence of two large markets within the WSCC (the Pacific Northwest 

and all other) is entirely consistent with the anal)tical results. Table 5.7 indicates that 

three inter-market linkages (out of a maximum possible six) would e.xist, and Table 6.2 

shows a correlation of 0.84 between the two markets. Hypothesis H3. is also strongly 

supported by the cointegration analyses. 

Hypotheses H4. and H5. were more easily rejected. Exogenous weather data and 

financial arbitrage may have roles in explaining spatial price relationships, but they are 

not clearly identified by these analyses, with the exception of the effect of financial 

arbitrage across the specific locations for which financial instruments are available. 

VC'Tiere fijtures contracts provided physical delivery at two locations, their price difference 

narrowed, and the price movements became more correlated. The use of weather data is 

particularly problematic in cointegration analysis due to its' serial correlation. 
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The extent of the markets identified in the principle components analysis has a 

significant impact on the concentration ot these electric power markets. Table 10.1 

shows the Herschman-Herfindahl indices for the subregions used in the analysis and for 

the groupings usggested by the principle copmponents results, calculated for both 

capacity and wholesale sales revenue. These goupings include those power producers 

located in the NERC sub-regions and encompass the specific locations, as shown in 

parentheses''. 

Table 10.1 
HIRSCHNL^N-HERFINDAHL INDICES FOR WSCC SUB-REGIONS 

Capacity Wholesale Capacity Wholesale 
Sales Sales 

NWR (MDQ 2191 1583 
1481 1242 

NCA (COB) 4574 3387 

SCA (MID, MED) 3917 4747 

ISW(PVT)) 1986 2102 1315 1396 

CRK (FCR) 4972 4325 

The impact of the definition of the relevant market is quite clear, regardless of 

the basis for the HHI calculation. The HHI resulting from the larger market definitions 

are in the range that normally precludes antitrust review by the Department of Justice, 

while these sub-regional HHI are not. Furthermore, all of the empirical data used to 

define these market groupings reflect transactions in markets that were heavily regulated. 

Capacity and wholesale sales data were provided by Utilities International, Inc. and reflect 1996 data as 
collected and compiled in PowerDat®, by Resource Data International, Inc. 
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The relaxation of those regulatory restrictions can only increase the number and range of 

transactions, and further expand the extent of these markets. 

The experimental evidence is persuasive regarding the influential roles of the 

seller's cost structures, the market mechanisms, and the number of sellers, in the 

mitigation of market power effects. .AJl of this research points toward the existence of 

markets which are far larger than those indicated by any prior research, and markets that 

can be profoundly effected by relatively subtle details regarding the participants and the 

market mechanism. Policy makers currently involved in structuring the electric power 

markets of the next century, would do well to take note of how large even a restricted 

market can be, given the number and cost characteristics of the existing sellers. Concern 

regarding the exercise of market power in the wholesale spot markets might be best 

focused on the selection of appropriate market mechanisms, access to financial arbitrage, 

and continuing the open access efforts which have created the current wholesale electric 

markets. 



94 

APPENDIX A: CURRENT EXPERIMENTAL WORKING PAPER 

Spot Market Mechanism Design and Competitiveness Issues in Electric Power 

Michael J. Denton, Stephen J. Rassenti, Vemon L. Smith 

Economic Science Laboratory 

University of ^-Nxizona 

July, 1997 

As published in the Proceedings of the HICSS 

January 12, 1998 



Spot Market Mechanism Design and 
Competitivity Issues in Electric Power 

Michael J. Denton 
L'tiliiies tntemacional. Inc. 

mdenton@utilinc.com 

Stephen J. Rassenti 
Econ Sci Lab. L'niv ot Anzona 
rassent: @ econlab.arizona.edu 

V'emon L. Smith 
Econ Scj Lab. L'niv ot' .Arizona 

smith (seconiab.arizona.edu 

.\BSTR.ACT 

Continuing previous research on market power issues 
;n electricity markets [21. we report new experiments 
••vhich compare the sealed bid ot:er iSBOi market 
mechanism, btudieil in (2]. with a uniionn price double 
.luction mechanism i L'PD.A) that updates nodal prices and 
jllocations contmuou.sly as new bids and offers amve m 
real time down to the close when the market is '•.:alled" 

and all standing accepted bids and offers become binding 
spot contracts. We compare the performance of the SBO 
and L'PD.A. institutions in terms or their impact on 
incentives affecting market etficiency ithe ability :o 
exhaust the gains from exchange), generator and 
wholesale buyer protitability. and delivery pnce. C'nder 
each of the two trading institutions we compare markets in 
which the available generator capacities and their costs 
are held by three versus six independent companies. 

1. E.xperimental Environment 

In all expenments we use a three-node radial network 
consisting of wholesale buyers at the center demand 
node. B. 2 I or 4) generators companies at the lett supply 
node. G,. and 1 'or 2) generators at the right node. G; 
The network diagram is shown m Figure I for one 
•-•xperimenL'period using SBO - Repr-'iiuced from Figure 
3 in i2!i. This Figure shows the network layout, the 
incoming bid loffen messages, and the realued iRe.i and 
-ompetitive euuiiibnum lEq.^ quantity tlows and pric^-s, 

1.1: Generator Parameters 

Most large -'apacity turbine generators have minimum 
and maximum loaded capacif. constraints, with modestly 

marginal lieat rates 'and lucl co-.lsi o\er tlie 
r.ingc :.'om minimum to maximum capacity .-V'.eragi co>t 

• •ine-. iiitie or. caseload iinii^ over tlii> capacity range. 

::io-,i .'lien declining >iightl> until maximum cacacit;. 
Minirnum io.ijed capacity i> ispically aO-50'" 
::\u:;num c.icacif.. oiten .7ioro. r!!ii in part becau,^e 
T.argiriai .. ^t !•. declining un :o minimuin ' .apacitv ar.a 

•, -.i n.'! generally optimal. ;n terms ot minimi/mg energ;. 

cost, for on-line generators to operate where outputs 
e.xhibit declining marginal cost. We approximate these 
charactenstics with the cost and capacity parameters for 
all generators shown in Table 1 

Table 1. 
Induced Supply Schedule 

Gen. 
Number 

1-1.  1-2 .  

1-3. 1-1 

2-1.  2-2 

Sunk Cost 
1 tokens/ 

period I 

25.000 

25.000 

.Max Output 
'5 Marginal Cost 

(•Mwhgtokens/.Mwhi 

a20° <5121 
150 to 231 
100 ® -106 
a50° '5 122 
ro 233 
110 -113 

0- - Each L*cncr3tor fiaa one o**ner Lt :n:a[.T.i;ns '.Mih 3 power 

supplier;, sacn sencnior compmanon 11 - i jnu 1.2. 1 • 3 ana I -i. I-
I and 2-2) one uancr 

b - Each cenemof incurs a 'inusi-nin' a^'Miiablc -usi ol I25.'X1) 
tokens il auipul lalli below 50'~ < ol tftia tint slep 

Each power plant facility consists ot three generators 
whose respective marginal costs are constant up to 
maximum capacity: ma low cost ba.seload unit with a 
minimum loaded "must-run" ahe industry term) capacity 
of 50'> of maximum in one t.'eatment c.-^ndition . and 
1001- of maximum capacity in a lecond treatment, uii a 
medium level marginal cost unit which can operate at any 
output up to the maximum capacr.v; and mii a high 
marginal cost unit also operable at any capacity up to 
maximum. TIius. generator iplanti 2-!. at node G-. 
consists of a baseload unit whose maximum capacity is 
-150MW at a marginal coit of 122 dokens/Mwhi . a ITO 
.MW maximum o.utput unit with a marginal cost ot 233. 
and a "peaking" unit capable ot MO.MW .it a marginal 
cost of ai3 E.icn baseload unit aKo incurs an avoijabie 

Kcns •i-r rr.c -.•\r 
;nN 7. 

rr.^fNw*: trie 

r'-vcmnx-nt in 
Srair. 

; . n 
• .;na 
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Fi'^ure 1. 
T>pical SBO Results tor j Mid Den-.amj PsripJ: Revealed and Eumiibrtum Prices and Quantities 

H Tine Agent Loc. aider Unit Price 
22 97 10 CI 3 20 170 
23 91 4 B I 61 445 
24 91 4 B 2 8 280 
25 91 4 B 3 3 260 
26 91 4 B 4 3 180 
27 91 7 CI 1 42 125 
28 91 7 CI 2 15 235 
29 25 9 CI 1 10 259 
30 26 g CI 2 10 254 
31 26 9 CI 3 22 248 
32 26 9 G1 4 15 230 
33 26 9 CI 5 10 400 

Current period: 27 j Cauntdoun clock: 0 | 
Data: 625X1B.EDF | Date: 06/2S/g6 Advance: F5 | Restart: FB | PAUSE: F3 

Glt4) IlCl) 

Re. 176.0 0 235.1 176.0 0 13.3 166.7»115.3 0 262.91 22.0014.4 122.0 0 234.0 
Eq. 180.0 0 231.0 188.0 014.7 177.4»110.6 0 260.41 16.70 13.7 116.7 0 233.0 
Period 27 

tl.xej penalty cost of 125.000 itokens) if output falls 
helo'.v 50<^ ( IOCS:) of ma.\imum capacity This penalty 
IS intended to account for all startup, ramping and 
luboptimal operational costs whenever the unit is operated 
below Its capacity specitlcations. The owners ot such 
units are therefore under considerable cost pressure to 
offer them in the spot market on terms that assure 
commitment at outputs that are not below the minimum 
-.pecitled. The medium and hiuh cost units are rle.xible 
and incur no such avoidable t"i,\ed co^t whatever mi-aht be 
iheir commitment levels. Finally, eacn three-cenerator 
unit plant incurs an unavoidable ^unl^ coit .-r 25.000 
tokens per operating period. 

1.2: Demand Representation and Parameters 

Demand is a o-phase cycle consisting nf v.\.o peak 
ieveU. then one shoulder mid-level demand, followed hv 
:wo ott-ceak demands, and ending with another -ihoulder 
Jemand. These c'-cies correspond to the typical industry 
urran peaks sn the range trom about ;ojtn-^pin. 
•veekuavs. otf-neak at nighttime trim about I'-'cm-^am. 
•v;in ;n:ermeoiate levels .m tne shoulders hetwc-n '.rou'Cns 
and peaks In the current environment, resale rrces are 
..instant ana regulated tor the "must-ser'.e" r r::on 
-lemand v. hich cannot re interruptea itnout 
r^'liii^al.regulatory penalties it people "!o.e their ;ig:us' 
Tills :s indicated in Table 2 tor ~ identical •.viinie-.aie 

buyers with blocks of must-serve demand at'?()(). ft 10 and 
370 .MWh at peak, shoulder and off peak respectively 
over the daily demand cycle, with resale values I'lxed at 
-150 (tokens per .MWh) for all buyers. Interruptiblc 
demands are SO and ftO MWh at lower corresponding 
values. .-\ny wholesale buyer vvho fails to purchase all of 
the required must-serve demand incurs an avoidable 
penalty of 250.0C'0 (tokens). 

Table 2. 
Induced Demand Schedules i tokens/'Mw h i 

Buyer 1 

SunkCosi 12.500 

Peak 
900 (S a50 
SO £• -^35 
t30 w ! S5 

Mid-Lev ei 
^10 •? a50 
SO '3- a.-s 
H' •=- : -5 

Off Peak 
:.-0 4 as.) 
SO -^'5 
(si) > ! '5 

12.500 12.500 12.500 

-150 a50 150 
a 10 3S5 iM) 

225 275 •2') 

-150 as(i -5') 
aio 3S5 ••(-0 

2"5 ; -n 

a50 a5i) a 50 
-110 .•S5 ••fO 
"s • 2" 
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l_3: Supply and Demand 

The resulting supply imarginji oosti jnii ilemand 
I marginal valuationi schctiulttb are -.hown m Figure 2. 
Note that rhis environment li particularly stressful on-peak 
!or buvers Decause they must bid abiive resale value tor a 
.jurrent account loss to attract the necessary peaking 
generator capacity. It pays to do this in order to avoid a 
lubstantially larger penalty cost tor tailing to meet all 
must-ser. e demand; i.e. ma.iimization requires 
minimuing losses. The ma.ximum-vvillingness-to-pay to 
avoid these penalties is shown dotted (.Avg WTP) in 
Figure Z. Kence. the loss minimizing on-peak cumpetitive 
equilibrium spot pnce is ~'5 rather than the resale value. 
-50. Several ot the e.xperiments reported below rela.xed 
this severe demand condition by reducing the must-serve 
Jemana spike to "0^ or the amount.s shown m Table 2. 

L'nder i.-.is demand treatment the on-peak competitive 
equilibrium price is -150 itokensvMWhi. and buyers must 
bid their resale values to yield zero protit on peak. 

Similarly, this environment can motivate the suppliers 
'generators) to accept pnces less than their marginal cost 
in the ot: peak phases in order to avoid must run penalties. 
These theoretic willingness-to-accept schedules are also 
shown uotted iWT.^:.,. and \VT.\<.i) in Figure 2. 

1.4: Transmission and Nodal Pricing 

Transmission is never constrained and is a tree-access 
common carrier open to all generation plants and buyers, 
with a ^ero probability ct outage :n all experiments. 
Transmission pricing is based on marginal losses on each 
ot the two lines. The loss on line i is j V where X is the 
power ;r.;ected at node i. Letting BY' be the resale 
v.ilue renerit) sc.*^.eaule buver i. and f," v ' a.id 
i;, V , be the variatsie cost ranctions .n seller j and k at 
generator nodes ! and Z respectivelv. the allocation 
problem :s to 

\h:x : S i' • - I .V I .v.. . 

I • 

- v-V - V - - ; - u X - - , 

•vhere •. - . V V. - . \ . . V = : > .;nd tne expressii n 

r. -r.;c;-.c:s tlic -i -s.-r' n .m :.'ta: .T.erg' 
rlovvs ,i surrius .".iMmi/inc interior c:'inre::tivc 

=fl- ^. 71.J.k. 

l-;c.V I-IL-.V 

'  Z i  

.Y -.V - r  • V . -f • V • -•) 

Equations (2). or their inequality form for boundary 
optima I see [2!. p. 10) are used to define a comc-ctitive 
equilibnum. against which we compare the realizations 
based on agent bids to buy or offers to sell. Using the 
discrete forms in Tables I and 2 for the marginal value 
and cost functions in 12). the corresponding competitive 
equilibrium A (buyer node pricei. allocations, and buyer 
and seller total pror'its are computed for the lOC^ must-
serve. and the 50'r and lOCTr must-run conditions. These 
are shown in Table 3." In implementing the optimization 
the computer uses only the buyer bid schedules rather than 
the true B' i >' • functions, and the seller offer schedules ;n 

place of the G X i and G'.i.V., ; marginal cost 
functions, and the energy conservation equation with loss 
coefficients c, and C;. Hence, for the realizations, letting 
P,' be the marginal bid pnce. and P'. and P'. be the 
marginal asking pnces we have 

x:  -  x:  -  y  • x '  '  - r .  x :  ••  =o .  

v^here the transmission loss factor at generator node m is 
defined by Tr, h ;, ; - • See [2!. Section 2. for 

a more complete discussion of the optimization, and for 
the revenue settlement equations i 

'ft rvuK 1 •' • r>;n .'"An n ;-r.c * ; 

jr'in:um T.t; ^r-. Trr.r.xm ^ 
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Tabic 3 
Competitive Equilibria 

Peak Demand .\Iid-ie\e 1 Demand Off Peak Demand 

MR li'O^c .\IR 50^c MR IM'Z .MR dO'-c .MR lOO"-!- MR 

Price 3 260 4 260.4 131.5 DO 

(Quantity or Load 3600 3600 2.3S0 2.SS0 2.040 2.040 

Total Surplus 9-15.3S0 '•)45.3:SO S39.340 S39.34() 596.040 535.560 

Buyer Surplus lOl.OSOi 'OI.OSOi 5I0.3S0 5I0.S.S0 5S5.250 918.000 

Seller Surplus 107.430 907.430 2S4.700 2S4."(KI 56 1382.4401 

Transm. Surplus 129.030 129.030 43.760 43.760 10.734 0.0 

2. Two Computer Based Spot Market 
Trading .Mechanism.s 

We compare '.wo alternative call market mechanisms 
lor orcanizing a spot market for eneruy with all demand 
and supply information decentralized and dispersed 
amcn^ -i buyers and either 3 or 6 generator company 
sellers. In each institution the market is called after the 
elapse of a specit'ied time period. .-MthoUL-h these per.ods 
are typically implemented at hourly lor half-hourlyi 
intervals, in the e.xpenments below the periods are -1 
minutes Mnce '.ve abstract from commitment and 
operaiions implementation and focus entirely on the 
market process. Both mechanisms generate j unsjle 
uniform price for all buyers at node B. and a single 
unirorm price for all sellers at each ot the nodes 
G..m- 1.2 which are related as shown m equation 3 

2.1: Sealed Bid OlTur Mechanism 

.•\!1 buyers 'lellers • lubmit a single round of bids 
'.ittersi ;n a leries ot price-quantity steps chosen at their 
•iiscrction These steps can be above, equal to. or belo%v 
the bu>er'seller' valuation 'Ci'sti steps and do not need to 
coincide '.vith the resale or generator capacity ^teps. Thus 
the Caseload capacity can be •)Ubdivided into multiple 
parts, and similarly tor the buyer resale capacity steps 

Letting the buyer s .lode se've as t.he reference price 
notie. bid prices and corresnonding quantities of all buyers 
are pooled and ordered from highest to lo^^est acc.irding 
:o '•Id prices, yielding ;he reaiued bid -.chedule, BiYi 
biir.iL.ris. tne price-quantity .urcr ^cnedules or -ellers at 

jeneratiir node are -rcered rrom louest to highest 
.:~,:i raing to .isking rr:...'-., leidinM reaazed generator 
lode •>c;!eduies. . Tliesc w.iedulcs 

..re ':'.en location ac:u->[eu ' ' *r.e reference bu\er node 
•i-inc 'he enuogeni.'u^ Tansmis^ion dI^c^'unt r.;ciors 
'r \  - •'••= '<..1. > leiding .. ne: -.ucpiv ^..heduie 'i' at 

-.ooe B. Aim prices .ihl; ,.ii>'cat:on-, computed >o a-, :o 

satisfy discrete optimi/ation conditions analogous to '3i 
Where agent bid ' offer) allocations must be rationed 
•prices are tied) we use time of submission to determine 
the priority. For additional details on SBO. the reader is 
referred to [Z1 '.Section 3). Figure 1 shows the bids and 
otters for messages "Zl through !f33 submitted in market 
penod 27. for e.xpenmeni 626X16. 

2.2: Uniform Price Double .\uction 

L'PD.A IS a uniform pnce version of the real time 
double auction that charactenzes stock and commodity 
trading. In the latter, however, compatible bids and offers 
yield binding bilateral contracts, at prices that normally 
differ across contracts in sequence, but tend to converge 
over time to one pnce and total quantity In L'PD.-'i the 
same information conditions apply; i.e. bids and offers 
form price-quantity pairs that are time lagged as they 
arrive in real time. Instead of being matched to form 
contracts when compatible, the bids are continuously 
resorted from highest to lowest, and the location adjusted 
otters are continuously resorted from lowest to highest. 
.\t e.U'h tim.e. t. until the market is called, that is '.vhcn t = 
T. the length ot the bidding period, there is a tent.itive 
market clearing price. P,''.'i. based on the intersection ot 

BtYini and .4i>'!.'n. and corresponding individual 

allocations based on tentatively accepted bids and otters. 
Thus, at -each t there are tentative allocations etactiv as in 
the SBO mechanism. .-\t any t < T. a'gents can aiter their 
bids lotfersi. except that bids and otfers can only he 
imrrnved; i e. a buyer can increase ins or her bid price 
a.nd/or increase the quantity specitied an;. r~id price, 
'.vhile a -.eller can decrease his or her bid price .ind.'T 
•ncrease rhe auuntity specitied .it .in> hid price \! ; = T. 
:he market iv "called." and the tentative ?r:ce ano auaniiiy 
.illocations that apply .it:. all become binding 

This mecn.!nism nas ••arious -.ersion^. loine 't -.vhich 
lave sieided etticiencies as high r 'iicner ii;e 
continuous double auction in convex en', ir'inmenii I'lie 



ile^s ctricient) '.ersion ot L'PDA used here allows bids 
and ot'fers that dominate currently accepted bids and 
•itt'ers immediate price priority over tho^e currently 
accepted m the "cross." Tnus. quntations I'rom both sides 
or the market can displace dominated bids a.nd otters 
currently accepted. This is called the "both sides" rule m 
'(?i, p. 312-3 IfiI. This IS in contrast to the "other side" 
rule: any bid (orteri which has not been accepted as ot 
time t. must tint meet the terms of lor be met byi an otfer 
• bid), also not accepted, on the other side ot" the market 
betbre it can be soned into the acceptance set. The other 
side rule is signiticantly more etficient in static supply and 
demand electricity markets than the both sides rule, but it 
occasionally rejects better bids or offers based on time 
priority, which may be a politically unacceptable 
institutional feature. ([21. Table 2). 

Table -S lists all e.xpertments conducted usin^ the 
SBO and L'PD.A institutions, under the various demand 
and supply -,ide capacity constraints. 

Table 4 
E.xpenmental Treatment Design 

" of Sellers, 
.Mechanism 50 .MR 
3 Sellers 

SBO 

L'PD.A. 

6 Sellers 
SBO 

L-PD.\ 

I \ 
3 X 30 

; X 30 
1 X 12 

1 X 29" 
2 X 30 
3 X 12 

I X 2S' 
1 X 30 
2 X 12 

10()'> .MR 

2 X 2-J 
3 X 30 

2 X 2S' 
1 X 20 

3 X 30 
3 X 12 

1 X 2y 
I X 30 
1 X 20 

indicates a rcccrdmc error tnat resulted in tftc !o\* ot -ync or tao 
pcntxi.'v or data 

3. Prior Hypotheses 

In presenting the experimental results the pnmary 
objectives are to compare the eifect of the following 
discrete treatment vanables: 111 Three versus six 
generating suppliers, and i2) the SBO versus L'PD.A 
trading mechanisms. Secondary objectives are to compare 
13) the 50"^ versus lOO'r must-run baseload generator 
constraint, and the TCT- versus lOO'I- must-ser\e 
demand condition (UPD.A. data only). 

We use four measures of performance; i I) efficiency 
I'r of prouucer plus consumer surplus realized by a 
trading mechanism I. (2) seller surplus i profit). (3i buyer 
surplus I prot'it!. i -J i pnce at demand node. 

Our prior hypotheses based on past studies of SBO or 
L'PD.-\ m nonelectrical environments, vvere as follows. 

al h.:-.!: -CNlirU a ^tr;:ni \crMun ot :his '.itncr .u;--" rjic in 
:uc\idc rJic inraoi jr.il vicmj/iii 

!'*;:utrjd :o re rai-cu 'lo-Acrtfa' ro rnc initim cicinnc pncj rlu% aninuN' 
nc lirnt. . r ^anniM Tcrcsitcr ""c wnanccd Fhc iiica ncnind ail :nL";c rj:c 

i-. m the m»i:r.tpc m rc.cal .ajuc Hi^'acvwT, 
I 'Oncr Aro nciicNo tnjt :nt: :nitul pre;: is rno 

AIII 'icwitnc 'incnra-vc andcr-rc*-L*3i 
'nc :nu:jj m aticmc? -n:\ent rn.i tr.:fn 

r; .in-.*' C-nscuucr.ri'.. rnc pn^c nuv ^dm\t sporr.dJcai!v RH:s TUV 
kT rr.c pr.cni'fTicna of '-.lutTcnn'^' jh^cr.ca n-. In .• 

-uwn .-uuuirratznc rcsponN^s under tnc toin mJc-. r;;»* 
•vnirn inttul rn.;;:'' iiut or cuu:iirnum. Ancn i> -Anj'. rur 
'Ciji!'.ci\ •''tn.jr MwC rule 

Hi: Puree t'irms will display greater market power 
than SIX t'irms. This implies that the six firm treatment 
will show higher efficiency, lower seller profits, higher 
buyer profits and lower prices than the three-firm 
treatment. The e.xpenmental results for SBO have already 
provided falsifying evidence on these predictions, as 
reported in [2| (Section 6|. Therefore, we are concerned 
here with whether Hi is supported by the more flexible 
L'PD.A institution. 

H;: SBO will yield lower efficiency than UPD.\. We 
also expect the two institutions to behave differently with 
respect to seller and buyer profits, and buyer prices: 
UPD.-\ was expected to follow shifts in the competitive 
equilibrium more closcly than SBO. These hypotheses 
are based on previous findings in m.arkets. without suppl;. 
side and demand side avoidable fl.xed cost nonconvexities. 
in which L'PD.-X was found to be comparable to the 
continuous double auction [31. which in turn is known to 
be superior to various forms of the SBO mechanism (5! 
Since it was discovered in [21 that the SBO mechanism 
performed unexpectedly well under the stressful must-run 
lupply and must-serve demand conditions we impose, it is 
an open question whether these previous results will be 
maintained under L'PD.-\ trading rules. 

Hi: .Moving tr.'^m ine fO'""*- to the inust-r-jn 
baseload generator conditions, etticiency. seller prorita 
and prices will decline, while buyer profits will increase. 

Hi. Moving trom tne "OT- to the iOli'": mus!-«er-.e 
demand ccnditicn will decrease etticiency .md hu'.er 
profits while seller prolits and prices will mcreasc. 
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4. Results 

Our results are quantitled using OLS rcuressions ot 
the various irdependeni treatment (dummy i variables on 
each ot the dependent variables: ettlciency. seller protits. 
buyer prtirlts and buyer node delivery price, each 
measured in deviations t'rom their corresponding 
competitive equilibrium values. "Die dummy variables are 
Js rolIoMs" D;. 6 (D; = 1 ) versus 3 iD: = Oi seneraior 
companies; D;. peak (Di = 1) versus not peak (D; = 0) 
demand; Di. ott peak iDx = 11 versus not otf peak iD, = 
Oi; D<. must-run penalty at lUO'i capacity (D< = I / versus 
50"^- capacity iD< = Oi; D„ must-serve penalty at lOO'r ot 
uninterruptible demand i D, = 1) versus 70'> i D, = Ol; D-. 
institution IS SBO iD- = li versus L'PDA (D- = i)i. In 

addition to these primary treatments, we include three 
interaction dummy variables ivhich are essential to 
mterpretin'j the results: i 1) the interaction between 
number or cenerators and the institution. D;D-. fj 
g e n e r a t o r s  a n d  S B O  ( D ; D -  =  U  v e r s u s  n o t ;  i 2 )  D j D . .  a t f  
peak and 1()0'^ must-run penalty cost versus not: i3) 
D,.\D,, tor the LTD.V data only, comparing peak demand 
and buyer penalty at "O'c uninterruptable demand iD^.VD., 
= 11 versus not (DiN'D, = Oi. Xote that the D:D- dummy 

enables us to distinguish any ditferential market power 
ett'ects between the two ditfercnt institutions. The DiD, 
dummy allows us to separate the e.xpected result that the 
lOO'.c must-run penalty cost will have a particularly 
important impact when demand is otf peak, stressing 
baseluad generator commitment. Finally, in all the 
regressions we include each dependent variable lagged 
one period is an independent variable to help correct for 
autocorreiation in behaviur through time. By measuring 
the dependent variables in deviations from the competitive 
equilibrium, we take into account the forcing function that 
.;onstitutcs the demand cycle, but lagged behavioral 
reactions can still cause autu correlation in the dependent 
variables leg. see the charts plotting the dependent 
variables in Figure -1-6 with stationary demand in,' 1! i. 

L'smg this regression model, and combining the 
comparabie SBO and L'PD.-X data. Table 5 provides the 
estimated j.rerrlcients on e;ich independent variable in the 
rows, and tor each dependent v;iriable detined by the 
columns. The : •.alues are shown in parenthesis 

•V'.- [: .. jn ,*\pcncnjj '= i. J .1 

n.j !'L;I inLiuain'^ 0 in ilic no 
;::i:i...int ..i .vi; rt-nicii jll cxpcncnccil i-'r "iii^ r.-pnn 

'n ! . in i'.«.iL;c.c\p*:rcncca .uhicv;i>. '"ul t.-.c 
-nvininniL-nr •'-..'li'il .*.jv unic .ijppiv .jrJ ..V.TUnJ 

..-nciticnN .vcr-,- r,Tiic.::jU t,T ;n t-'itn iTTrv-ncnccU •ruup--
I.-. " •.c rcr*'" Anivn in.;;ui!c in.: inl.ir3jllcn 

lumtnio .n r. .iHii D ND- :n •iic liill .infarct ir^bk-fi '.ic O Di 

corresponding to each coefficient and the coefficients that 
are significant at p<0 05 ore printed in bold faced type. 
Table 6 also provides the regression coefficients for the 
CPD.-\ only data set. allovving a comparison of the iW^c 
and must-serve buyer constraint. Comparable 
estimates for the SBO only data set were presented in (2]. 

Hi. Three tirms c.xert more market power than si.x 
under the L'PD.A. rules, but there is no economically or 
statistically significant difference under the SBO rules. 

This is indicated by comparing the coefficients in row 
D; with row D;D- m Table 5. Note that for seller and 
buyer surplus, and for price, the D;D' coefficients land t 
values) are of almost equal but opposite sign to those of 
D;. That IS. the high signiticance of these D; coefficients 
IS attributable to L'PD.\ only, not SBO. This is contirmed 
by running the regression separately for L'PD.A as can be 
seen in Table 6 and for SBO in [21. To summanze: 
market power has no significant effect on efticiency under 
either SBO or L'PD.-\. But L'PD.A. yields a signiticant 
decrease in seller profits, increase in buyer profits, and 
decline in pnce. when we increase the number of firms 
tfom 3 to b. L'nder the SBO rules the number of tirms has 
no statistically signiticant effect on buyer cr seller profits, 
or on market pnce. 

H;: From the row of coefficients for D- in Table 5. 
contrary to H;. SBO yields a significant increase in 
efficiency over L'PD.A. This we attnbute to the improved 
revelation properties of SBO when both buyer and sellers 
incur larse avoidable fi.xed cost penalties ( associated with 
minimum buyer must-serve capacities and minimum seller 
must-run capacities). L'nder the L'PD.A rules, however, 
there is less uncertainty with respect to price discovery 
than under SBO rules, and this induces more attempts to 
manipulate outcomes with a consequent impact on prices 
and buyers' and sellers' profit. Thus SBO yields 
significantly lower seller surplus, higher buyer surplus and 
lower prices than L'PD.A. measured as deviations trom 
their corresponding competitive equilibrium values That 
IS. relative to L'PD.A. SBO redistributes surplus from 
sellers to buyers, while increasing etliciency. 

Hi: .An increase m the must-run minimum baseload 
capacity to UlO^r nnm 501- reduces e.'ficiency i-if-peak. 
as indicated in Table 5 by the efticiency coefficient tor the 
interaction dummy. DjD<; otherwise etficiency is not 
significantly impacted, as indicated in the row ti.'r the D< 
dummy .Also, increasing the must-run capacity reduces 
seller protit and prices and increases buyer protits. but 

nctfracnun -.u-iiic-: imu ' t.if tr.c 
.•srim;xtion >.'1 f?u%or ^urplu-*. "Aitn p - -r.J rcUuw.'.l tnc F 
•aostantuilv D DND- f'* '-c SBO c^^cnmcn{^-
:r.i:rc:crL'. AC iimurcU rotn ot m * 
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nnK tor peak and shoulder detnands u e.. not oti peak). 
Ot'l peak, as shown by the results tor the dutnmy. 
D|D<.seller prot'its and priL-es increase and buyer prorits 
decrease, as sellers successtully avoid competing 
1 Bertrand style) the oil peak price down to zero under the 

must-run condition.'' Tnis result holds alter taking 
out [he ettect ot the institutions i D-) and theret'ore holds in 
both SBO and L'PD.-\. This is turther conrirmed in Table 
n where the regressions arc tor L'PD.-\ only, and in [2] tor 
SBO e.\penments only. These results are not only 
Statistically significant but are revealed as economically 

imponant as well. 
Hj: In Table 6 we note from the row. D^ND,. ot 

coetficients measuring the ertects ot the reduction or 
must-serve peak demand trom lOO to there are 
•.igniticant and large increases m etllciency and buyers' 
protit. and decreases in sellers" prorlt and prices. .As 
expected, reducing the on peak stress on buyers, increases 
ettlciency by greatly reducing missed trades and the 
concomitant penalties, and redistnbuting income trom 
sellers back to buyers. 

The greater reliability of SBO relative to CPD.A. in 
this nonconve.x environment, is made particularly evident 
by companng the adjusted R" and F statistics in Tables 5 
and ft. and the SBO only results in [21. Both of these 
measures are uniformly higher, across all measures of 
pertbrmance. for SBO than for L'PD.A. 

5. Summary and Discussion 

Contrary to previous comparisons showing L'PD.-\"s 
high pertormance in classical environments, it pertorms 
••ery poorly in the current nonconve.x environment where 
SBO does quite well. This is explained by the greater 
incentives to reveal, and to avoid manipulation strategies. 
:n SBO. where there ;s no teedback of within-period 
intormaiion and the cost of a missed trade is very high -
high for sellers off peak, and for buyers on peak. Bui 
even the shoulder demand levels do not rescue the version 
or L'PD.-\ studied here. 

•Are there rule "•"ixes " that would improve LPD.X' 
\Ve have little doubt that there are many The ot.her side 
rule used in (11 is an obvious candidate. .-Mso needed is a 
..lose rule that will promote earlier and better revelation, 
e g a random .lose, or endogenous ciose. rixed-mterval 
^jil. ruie ' See [}]. p. 3 111 L'nder the latter :he market is 
-.lilcd -vhen no new tentativeiv .iccertca i'ld or otfer 

i r r r - s c :  i ; t  r R c c  N f t i f u  : n  t r . c  i s  t n a t  t h e  

cttcj:-; .?r inwri;a.>!n-j t.c muvf rjrt • • •m.t a.. ocrii.'iN: arc 
: n  . • t r l j i o r j v .  - ' • a - . c r  ? r ' t i r s : . i c r  ^ r .  

r r : . . -

arrives for a specit"ied elapsed time. .Another fi.x would be 
the ("I or other stronger forms of other side rules. 

The seventy of the must-run generator constraint 
iSOTf vs lOO'c) and the must-serve demand constraint 
I loo's vs 70"^) are signttlcant and important. We chosc 
this parametenzation because it roughly charactenzes the 
existing situation in the electric power industry, which is 
largely a product of command/regulatory environments 
and has a history of poor incentives. The ongoing 
deregulation of several aspects of this industry may 
drastically change these constraints. For this reason it is 
particularly important that the system not be hamstrung by 
rules that assume that the future will look like the past. 
Time-of-day pricing technologies including network 
metering and switching devices will increase the 
deployment of voluntary, interruptiblc demand options. 
Generator technologies that are already upon us. and new 
ones on the honzon will gradually alter the stock of 
generator assets, introducing more tlexible. cost efficient 
means of electrical energy production (6]. Besides 
reducing nonconvexities. these technologies will increase 
reliability by reducing dependence on supply side 
generator spinning reserves, and increasing dependence 
on demand side tlexibility. 
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APPENDIX B: COINTEGRATION ANALYSIS, TYPICAL ECONOMETRIC RESULTS 

COINTEGRATION TESTING: DIFFERENCED WEATHER, NYMEX and TIME TREND 

LS // Dependent Variable is MDC Date: 07/15/97 Tune: 10:27 
Sample: 10/10/94 8/26/96 Included observations: 99 after adjusting endpoints 

Variable Coefficient Std. Error T-Statisdc Prob. 
C 0.933787 0.396634 2.354276 0.0208 
COB 0.987554 0.019659 50.23326 0.0000 
COBXNYMEX 0.049122 0.043491 1.129462 0.2617 
MDCCOB -1.552223 0.158799 -9.774781 0.0000 
DCOBH 0.000114 0.005643 0.020192 0.9839 
DCOBC 0.033699 0.015376 2.191667 0.0310 
DMDCH -0.001572 0.006682 -0.235281 0.8145 
DMDCC -0.019396 0.021040 -0.921840 0.3591 
NYMEX -0.250106 0.637992 -0.392020 0.6960 
T -0.005298 0.003681 -1.439242 0.1536 
R-squared 0.982748 Mean dependent var 14.15051 
-Adjusted R-squared 0.981003 S.D. dependent var 4.479757 
Log likelihood -87.46823 F-statisdc 563.3138 
Durbin-Watson stat L663316 Prob(F-statistic) 0.000000 

Breusch-Godfrey Serial Correlation LiVl Test: 
F-statistic 1.272976 
Obs'R-squared 2.814748 

Probability 0.285160 
Probability 0.244785 

LS // Dependent Variable is MDC Date: 07/15/97 Time: 10:01 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 1.566613 1.081538 1.448505 0.1527 
.MID 0.904043 0.053622 16.85943 0.0000 
MIDXN\'MEX -0.024194 0.098337 -0.246027 0.8065 
MDCMID -3.493467 0.471269 -7.412896 0.0000 
DMIDH -0.013860 0.016793 -0.825330 0.4125 
DMIDC 0.004554 0.015715 0.289783 0.7730 
DMDCH 0.013210 0.007409 1.782914 0.0797 
DMDCC 0.016621 0.014276 1.164237 0.2489 
NYMEX 0.607461 1.540589 0.394305 0.6948 
T 0.015331 0.012673 1.209759 0.2311 
R-squared 0.900928 Mean dependent var 12.83429 
.Adjusted R-squared 0.886068 S.D. dependent var 3.900123 
Log likelihood -113.1757 F-statistic 60.62470 
Durbin-Watson stat 1.280919 Prob(F-statistic) 0.000000 

Breusch-Godfrey Serial Correlation LM Test: 
F-statistic 5.197473 
Obs'R-squared 10.63889 

Probability 
Probability 

0.008389 
0.004895 



LS // Dependent Variable is MDC 
Sample: 10/10/94 8/26/96 

Date: 07/15/97 rune: 10:02 
Included observations: 99 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 0.766072 1.353161 0.566135 0.5727 
P\T) 1.075129 0.068354 15.72875 0.0000 
PVDXNYMEX -0.261683 0.101044 -Z589800 0.0112 
MDCPVD -3.224856 0.423047 -7.622926 0.0000 
DPVDH -0.022335 0.009149 -2.441269 0.0166 
DPVDC -0.000431 0.007663 -0.056294 0.9552 
DMDCH -0.001008 0.006633 -0.152028 0.8795 
DMDCC 0.044672 0.015848 2.818774 0.0059 
NYMEX 4.077301 1.724059 2.364943 0.0202 
T -0.029919 0.008351 -3.582688 0.0006 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.897414 
0.887040 

-175.7157 
1.539806 

Breusch-Godfrev Serial Correlation LM Test: 
F-statistic 2.936233 
Obs'R-squared 6.259920 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

Probability-
Probabilitv 

14.15051 
4.479757 
86.50688 
0.000000 

0.058345 
0.043720 

LS // Dependent Variable is MDC Date; 07/15/97 Time; 10:04 
Sample; 5/01/95 8/26/96 Included observations; 70 after adjusting endpoints 

\'ariable Coefficient Std. Error T-Statistic Prob. 
C -3.236816 2.135020 -1.516059 0.1348 
FCR 1.199137 0.107037 11.20304 0.0000 
FCRXN^'MEX -0.380267 0.134956 -2.817718 0.0065 
MDCFCR -3.350788 0.548124 -6.113199 0.0000 
DFCRH -0.014960 0.009104 -1.643311 0.1055 
DFCRC -0.011584 0.012388 -0.935112 0.3535 
DMDCH 0.000957 0.008046 0.118924 0.9057 
DMDCC 0.025614 0.016402 1.561692 0.1236 
NYMEX 4.767015 2.144260 1223151 0.0300 
T 0.006075 0.014407 0.421654 0.6748 

R-squared 
.\djusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.869273 
0.849664 
-122.8801 
1.700249 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

12.83429 
3.900123 

44.33023 
0.000000 

Breusch-Godfrev Serial Correlation LM Test: 
F-statistic 1.209273 Probability 
Obs'R-squared 2.802089 Probability 

0.305826 
0.246339 
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LS // Dependent Variable is MDC Date: 07/15/97 Time: 10:05 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 17.78303 3.310200 5.372192 0.0000 
S\VP 0.125458 0.063526 1.974900 0.0529 
SWrXN^TvIEX 0.111215 0.140331 0.792519 0.4312 
MDCSWP -7.018795 2.263025 -3.101511 0.0029 
DSVCT'H 0.011889 0.019044 0.624272 0.5348 
DSWPC -0.057096 0.024904 -2.292614 0.0254 
DMDCH 0.002921 0.018475 0.158123 0.8749 
DMDCC 0.064311 0.037055 1.735587 0.0878 
N\'MEX -0.402156 3.717210 -0.108188 0.9142 
T -0.026256 0.030585 -0.858453 0.3941 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-VVatson star 

0.348315 
0.250562 
-179.1059 
1.065906 

Breusch-Godfrev Serial Correlation LM Test: 
F-staristic 13.54656 
Obs 'R-squared 22.28757 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

Probability 
Probability 

12.83429 
3.900123 
3.563223 
0.001339 

0.000015 
0.000014 

LS // Dependent Variable is COB Date: 07/15/97 Time: 09:58 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 0.145613 0.979617 0.148643 0.8823 
.\fID 0.870610 0.046282 18.81104 0.0000 
.MIDXNYMEX 0.052442 0.084322 0.621933 0.5363 
.MIDCOB 2.742011 0.379036 7.234166 0.0000 
DCOBH 0.008438 0.005636 1.497094 0.1396 
DCOBC -0.005002 0.009003 -0.555651 0.5805 
DMIDH -0.027195 0.014980 -1.815504 0.0744 
DMIDC -0.014539 0.014052 -1.034647 0.3050 
N'YMEX -0.318351 1.352433 -0.235391 0.8147 
T 0.002276 0.010794 0.210865 0.8337 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.913514 
0.900541 
-105.5064 
1.365204 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

13.55536 
3.741091 

70.41717 
0.000000 

Breusch-Godfirey Serial Correlation LM Test: 
F-statistic 3.463584 Probability 
Obs^'R-squared 7.468395 Probability 

0.037935 
0.023892 



LS // Dependent Variable is COB 
Sample: 10/10/94 8/26/96 

Date: 07/15/97 1^16:09:49 
Included observations: 99 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 3.229489 1.448287 2.229868 0.0283 
PVD 0.916853 0.073538 12.46778 0.0000 
PVDXNYMEX -0.191901 0.104223 -1.841248 0.0689 
COBPVD -3.492790 0.419462 -8.326840 0.0000 
DCOBH 0.000122 0.005439 0.022405 0.9822 
DCOBC 0.003379 0.011368 0.297265 0.7670 
DPVDH -0.011248 0.009122 -1.232983 0.2208 
DPVDC -0.004001 0.007732 -0.517425 0.6061 
NYMEX 3.067578 1.750329 1.752572 0.0831 
T -0.018213 0.008278 -2.200225 0.0304 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.887507 
0.876131 
-175.4813 
1.661458 

Breusch-Godfrev Serial Correlation LM Test: 
F-statisdc 1.982208 
Obs'R-squared 4.314623 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

Probability 
Probability 

14.76641 
4.267844 
78.01788 
0.000000 

0.143938 
0.115636 

LS // Dependent Variable is COB Date: 07/15/97 Time: 09:53 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

\'anable Coefficient Std. Error T-Statistic Prob. 
C -Z949863 1205794 -1.337325 0.1862 
FCR 1.176699 0.109494 10.74670 0.0000 
FCRXNYMEX -0.464377 0.136933 -3.391269 0.0012 
COBFCR -3.256423 0.569427 -5.718768 0.0000 
DCOBH -0.001788 0.006903 -0.258985 0.7965 
DCOBC -0.008556 0.011862 -0.721282 0.4735 
DFCRH -0.007910 0.009265 -0.853780 0.3966 
DFCRC -0.028339 0.012660 -2.238571 0.0289 
NYMEX 5.760441 2.165522 2.660070 0.0100 
T 0.019879 0.014597 1.361831 0.1783 

R-squared 
.•\d jus ted R-squared 
Log likelihood 
Durbin-Watson stat 

0.854625 
0.832819 
-123.6832 
1.794189 

Breusch-Godfrev Serial Correlation LM Test: 
F-statistic 1.583289 
Obs'R-squared 3.623882 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

Probability 
Probability 

13.55536 
3.741091 
39.19172 
0.000000 

0.214043 
0.163337 



LS // Dependent Variable is COB Date: 07/15/97 Time: 09:56 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 16.74050 2.932880 5.707872 0.0000 
SWP 0.144086 0.061825 2.330533 0.0232 
SWPXNYMEX 0.041992 0.135475 0.309963 0.7577 
COBSWP -7.146259 1.965687 -3.635501 0.0006 
DCOBH -0.001549 0.016536 -0.093664 0.9257 
DCOBC 0.032029 0.027273 1.174376 0.2449 
DSV&TH 0.016023 0.020206 0.792978 0.4309 
DSVWC -0.038663 0.024255 -1.593983 0.1162 

0.179112 3.566999 0.050214 0.9601 
T -0.001074 0.029782 -0.036052 0.9714 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.331335 
0.231035 

-177.0920 
1.058042 

Breusch-Godftcy Serial Correlation LM Test; 
F-statistic 13.00482 
Obs'R-squared 21.67221 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

Probability 
Probabilitv 

13.55536 
3.741091 
3.303449 
0.002475 

0.000022 
0.000020 

LS // Dependent Variable is MID Date: 07/15/97 Time: 10:07 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 1.067241 1.844411 0.578635 0.5650 
PVT) 0.939833 0.090282 10.40998 0.0000 
P\TDXNYMEX -0.175429 0.120415 -1.456866 0.1504 
MIDPVD -3.838098 0.478169 -8.026648 0.0000 
DMIDH -0.018349 0.023806 -0.770783 0.4439 
DMIDC -0.016199 0.019783 -0.818856 0.4161 
DPVDH 0.004407 0.014510 0.303728 0.7624 
DP\T)C -0.017942 0.009289 -1.931379 0.0582 

1.991057 1.984882 1.003111 0.3198 
T 0.024381 0.014706 1.657847 0.1026 

R-squared 0.867726 
.\djusted R-squared 0.847885 
Log likelihood -124.9148 
Durbin-Watson stat 1.567630 

Mean dependent var 14.45679 
S.D. dependent var 3.991603 
F-statistic 43.73373 
Prob(F-statistic) 0.000000 

Breusch-Godfrey Serial Correlation LM Test 
F-statistic 1.302202 Probability 
Obs'R-squared 3.008168 Probability 

0.279763 
0.222221 



LS // Dependent Variable is MID 
Sample: 5/01/95 8/26/96 

Date: 07/15/97 Time: 10:08 
Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Stadstic Prob. 
C -1.085840 1.972466 -0.550499 0.5840 
FCR 1.104151 0.101831 10.84298 0.0000 
FCRXNYMEX -0.395937 0.127051 -3.116371 0.0028 
MIDFCR -4.266680 0.466195 -9.152138 0.0000 
DMIDH -0.024645 0.019817 -1.243652 0.2185 
DMIDC -0.014855 0.020530 -0.723567 0.4721 
DFCRH -0.009863 0.010449 -0.943991 0.3490 
DFCRC -0.006732 0.013688 -0,491809 0.6246 
N'^'MEX 5.276670 X045428 2.579739 0.0124 
T 0.024108 0.014044 1.716549 0.0912 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.885744 
0.868605 
-119.7898 
1.706078 

Mean dependent var 
S.D. dependent var 
F-statistic 
Prob(F-statistic) 

14.45679 
3.991603 
51.68161 
0.000000 

Breusch-Godfrev Serial Correlation LM Test 
F-statistic 1.910612 Probability 
Obs'R-squared 4.326761 Probability 

0.157189 
0.114936 

LS // Dependent Variable is MID Date: 07/15/97 Time: 10:09 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Staristic Prob. 
C 17.27080 1471924 6.986786 0.0000 
S\VP 0.136478 0.060347 1261554 0.0274 
SVC-PXN^'MEX 0.088876 0.128101 0.693801 0.4905 
.\IIDS\W -6.795038 1.328710 -5.114013 0.0000 
DMIDH 0.012450 0.037566 0.331431 0.7415 
DMIDC 0.019893 0.038024 0.523154 0.6028 
DSWPH 0.012093 0.016934 0.714136 0.4779 
DS\WC -0.035202 0.023659 -1.487895 0.1420 
NVMEX 0.336219 3.337429 0.100742 0.9201 
T -0.008793 0.028844 -0.304858 0.7615 

R-squared 0.458458 
.'\djusted R-squared 0.377226 
Log likelihood -174.2489 
Durbin-Watson stat 1.126841 

Mean dependent var 14.45679 
S.D. dependent var 3.991603 
F-statistic 5.643848 
Prob(F-statistic) 0.000012 

Breusch-Godft'ey Serial Correlation LM Test: 
F-statisdc 9.832634 Probability 
Obs'R-squared 17.72438 Probability 

0.000210 
0.000142 



LS // Dependent Variable is PVD Date: 07/15/97 Time: 10:11 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C -1.041730 0.788937 -1.320423 0.1917 
FCR 1.046449 0.042385 24.68927 0.0000 
FCRXiVYMEX -0.045952 0.052671 -0.872432 0.3865 
FCRPVD 1.436321 0.170984 8.400348 0.0000 
DPVDH 0.003167 0.005798 0.546300 0.5869 
DPVDC 0.005322 0.004402 1.208864 0.2315 
DFCRH -0.007056 0.005046 -1.398478 0.1671 
DFCRC -0.008352 0.006029 -1.385391 0.1711 
NYMEX 0.898020 0.841275 1.067452 0.2900 
T -0.003532 0.005726 -0.616813 0.5397 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

0.979761 
0.976725 
-57.94490 
2.003623 

.Mean dependent var 15.99286 
S.D. dependent var 3.920108 
F-statistic 322.7351 
Prob(F-statistic) 0.000000 

Breusch-Godfrev Serial Correlation LM Test 
F-statistic 1.712628 Probability 
Obs'R-squared 3.903410 Probability 

0.189387 
0.142032 

LS // Dependent Variable is PVD Date: 07/15/97 Time; 10:12 
Sample: 5/01/95 8/26/96 Included observations: 70 after adjusting endpoints 

Variable Coefficient Std. Error T-Statistic Prob. 
C 19.75034 1594614 7.612053 0.0000 
SVtP 0.117959 0.054452 2.166308 0.0343 
SWPXN^'MEX 0.261510 0.120618 2.168091 0.0341 
PVDSWP -6.684620 1.606960 -4.159793 0.0001 
DPVTDH 0.013623 0.020897 0.651944 0.5169 
DPVTDC 0.011061 0.016641 0.664671 0.5088 
DSVtPH 0.012049 0.015292 0.787891 0.4339 
DSWPC -0.037037 0.022453 -1.649571 0.1043 
NfVMEX -2.778478 3.231812 -0.859727 0.3934 
T -0.018899 0.025901 -0.729650 0.4684 

R-squared 0.538738 
.\djusted R-squared 0.469548 
Log likelihood -167.3678 
Durbin-Watson stat 1.402175 

Mean dependent var 15.99286 
S.D. dependent var 3.920108 
F-statistic 7.786427 
Prob(F-statistic) 0.000000 

Breusch-Godfrey Serial Correlation LM Test: 
F-statistic 5.701077 Probability 
Obs'R-squared 11.50037 Probability 

0.005490 
0.003182 



LS // Dependent Variable is FCR 
Sample: 5/01/95 8/26/96 

Date: 07/15/97 Tune: 10:13 
Included observations: 70 after adjusting endpoints 

Variable 
C 
SWP 
SWPXNYMEX 
FCRSWP 
DFCRH 
DFCRC 
DSWPH 
DSWPC 
MYMEX 
T 

R-squared 
Adjusted R-squared 
Log likelihood 
Durbin-Watson stat 

Coefficient 
19.38757 
0.095652 
0.252908 

-5.938688 
-0.006120 
0.014986 
0.015998 

-0.039956 
-2.235349 
-0.017586 

0.557472 
0.491093 

-161.1933 
1.196964 

Std. Error 
2.285050 
0.049293 
0.111881 
1.358298 
0.017946 
0.021603 
0.016332 
0.019388 
2.992160 
0.023773 

T-Statistic 
8.484530 
1.940480 
2.260499 

-4.372155 
-0.341040 
0.693667 
0.979548 

-2.060813 
-0.747069 
-0.739746 

Prob. 
0.0000 
0.0570 
0.0274 
0.0000 
0.7343 
0.4906 
0.3312 
0.0437 
0.4579 
0.4623 

15.96250 
3.664320 
8.398305 
0.000000 

Mean dependent var 
S.D. dependent var 
F-stadstic 
Prob(F-statistic) 

Breusch-Godfrcy Serial Correlation LM Test 
F-statistic 7.307853 Probability 
Obs'R-squared 14.08923 Probability 

0.001477 
0.000872 
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