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ABSTRACT 
 

The unexpectedly high spot prices for electricity in the summer of 2000 that occurred in 
California led to a number of regulatory interventions.  Initially, price caps were lowered in 
California from $750/MWh to $250/MWh during the summer.  However, Out-Of-Market 
(OOM) purchases were still made above the price cap if capacity shortfalls occurred in the 
market run by the California Independent System Operator (CAISO).  After evaluating the price 
behavior during the summer months, the Federal Energy Regulatory Commission (FERC) 
declared that the market in California was “seriously flawed” and proposed a number of changes 
to the market rules.  Two important proposals made by the FERC were 1) to require greater 
dependence on forward markets by entities with obligations to serve customers, and 2) to replace 
the price cap of $250/MWh by a new type of “soft-cap” auction with the price cap at $150/MWh.  
Unfortunately, spot prices in the winter of 2001 were persistently much higher than the soft cap. 
These high spot prices created uncertainty that resulted in high premiums for risk and high 
forward prices.  Hence, forward contracts executed at this time were very expensive for buyers, 
and many contracts were executed due to the directive of the FERC.  After the FERC imposed a 
system-wide price cap on the whole Western Inter-Connection in June 2001, both the spot prices 
and forward prices for electricity returned to normal levels.   
 

Earlier research has shown that the high spot prices of electricity in the winter of 2001 
may have resulted from the new type of soft-cap auction combined with the high spot prices of 
natural gas delivered in California during the early part of the winter.  The econometric analysis 
in this paper shows how forward prices for electricity responded in the winter of 2001, and 
concludes that uncertainty about the high prices for electricity and uncertainty about the supply 
of natural gas were both important.  The relative effects of these two sources of uncertainty on 
forward prices vary by the date of delivery.  The initial uncertainty about spot prices for 
electricity in the summer of 2000 increased the forward prices of electricity for summer 
deliveries more than for winter deliveries.  In contrast, uncertainty about the spot prices of 
natural gas in the winter of 2001 increased the forward prices of electricity for all delivery 
months.  Price shocks for electricity after the FERC intervened in the CAISO market had by far 
the largest effect on the forward prices for delivery in summer months. 
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1. Introduction 
 Many papers and reports have been written about the energy crisis in California 
and their overall conclusions are generally consistent with each other.  Suppliers of 
electricity were able to exploit market power and increase the spot prices in the central 
markets run by the California Power Exchange (CAPX) and the California Independent 
System Operator (CAISO) during the summer of 2000.  The most widely cited papers 
conclude that suppliers withheld generating capacity from the market to increase prices.  
Joskow and Kahn (2002) analyze data at the firm level and Borenstein, Bushnell and 
Wolak (2002) use a Cournot model of the spot market, and both conclude that prices 
were higher than competitive levels.  A similar conclusion was reached by staff in the 
CAISO Department of Market Analysis (Hildebrandt, 2001).  The vulnerability of the 
market to exploitation should not have been a surprise to the FERC.  Wolak (2003a and 
2003b) summarizes the numerous reports from the California Market Surveillance 
Committee, beginning in 1998, citing the lack of forward contracting and the lack of 
price-responsive wholesale demand as the primary design flaws.  These conclusions were 
also reached by Faruqui et al (2001). 
 
 After the high prices experienced during the summer of 2000, the Federal Energy 
Regulatory Commission (FERC) intervened in the market in November 2000 under the 
“just and reasonable” standard for prices that is the key regulatory feature of the Federal 
Power Act.  The FERC declared that the wholesale market in California was “seriously 
flawed” (FERC, 2000).  The high wholesale prices were passed on to customers in San 
Diego because these customers were no longer covered by regulated “transition rates.”  
Chairman Hoecker said, “Never has this Commission had to address such a dramatic 
market meltdown . . . [and] never have residential customers been as exposed to 
economic risk and financial hardship.” (FERC, 2000).  Many hearings have been initiated 
at the FERC since the summer of 2000 to determine which customers are eligible for 
refunds, including buyers outside California.  These hearings have established that the 
wholesale market in California was “dysfunctional” from May 2000 to June 2001. 
 

“The single most important remedy that the California market needs is the 
elimination of rules that prevent market participants from managing risk.” (FERC, 2001).  
The FERC cited the lack of forward contracts as a major deficiency of the market in 
California.  As Wolak (2003a) explains, this deficiency was not the result of rules 
imposed by the CAISO on the incumbent utilities that had the responsibility of serving 
load.  Since these utilities were being paid a high regulated rate by customers, it did not 
appear necessary to hedge purchases in the spot market.  These utilities were required to 
make purchases in the CAPX and CAISO markets, but this did not preclude holding 
contracts-for-differences, for example.  If spot prices were a little higher than expected, 
this would simply extend the transition period.  No plans were made for paying spot 
prices above the transition rates.   
 
 Regardless of the causes, the proportion of load covered by forward contracts in 
California was relatively low in the fall of 2000.  The FERC proposed penalties for 
utilities that had to schedule deviations of more than 5% of their load in the CAISO 
balancing market (FERC, 2000).  The FERC order resulted in a rush to sign contracts in 
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the forward market during the winter of 2001.  Unfortunately, the problem of high prices 
in the spot market had still not been solved, and the prices in the forward market were 
also unusually high when these forward contracts were executed. 
 
  A second feature of the FERC Order in November 2000 was to replace the 
existing auction in the central market by a new type of “soft-cap” auction.  Although the 
CAISO had lowered the “hard” price cap in the balancing market from $750/MWh to 
$250/MWh during the previous summer, spot prices continued to be higher than 
historical levels.  In other words, these regulatory interventions by the state had not been 
effective.  In addition, capacity shortages had occurred in the balancing market that 
required making Out-Of-Market (OOM) purchases at prices above the cap.  The soft-cap 
auction introduced by the FERC, in effect, made this practice standard.  Purchases below 
the soft-cap (set initially at $250/MWh and then reduced to $150/MWh in January 2001) 
were paid the same market-clearing price equal to the highest (last) accepted offer in a 
uniform price auction.  If additional capacity was needed to meet load, these purchases 
above the soft-cap were paid the actual offer in a discriminatory auction.   
 
 The initial plan was that suppliers would have to justify the production cost of 
purchases above the soft-cap to the FERC.  However, this latter policy, like the penalties 
for relying too heavily on spot purchases, was not enforced effectively.  Suppliers were 
able to distort the reported prices of inputs such as natural gas (FERC, 2002) and 
emission permits (Kolstand and Wolak, 2003).  The soft-cap auction failed dismally as a 
regulatory strategy for ensuring that prices in the spot market were just and reasonable.  
Mount et al. (2003) argue that the combination of high prices for natural gas combined 
with the soft-cap auction exacerbated the problem of high spot prices of electricity.  
Selling capacity above the soft-cap leads to relatively flat (elastic) supply curves.  
Consequently, the effectiveness of reducing load as a way to lower prices is undermined.  
In a typical uniform price auction, the supply curve is like a hockey stick, and as a result, 
price-responsive load is an effective way to mitigate high prices (see Neenan, 2002, for 
an example from New York State). 
 
 For this paper, the causes of the high prices in the soft-cap auction are not as 
important as the consequences.  Although most published analyses have focused on the 
high prices in the summer of 2000, the spot prices in California were even higher in the 
winter of 2001.  Normally, winter prices are lower than summer prices, and the high 
winter prices were one of many unpleasant surprises for buyers.  The high spot prices, the 
new soft-cap auction, the high prices for natural gas and the bankruptcy of Pacific Gas 
and Electric all contributed to uncertainty about the future performance of the market.  At 
the same time, forward prices of electricity were also much higher than normal levels, 
and this was exactly the time that many forward contracts were signed.  Since the 
incumbent utilities had insufficient credit to purchase forward contracts, the California 
Department of Water Resources was authorized to make forward purchases on their 
behalf. 
 
 The changing conditions in the spot market are summarized in Figure 1.  Using 
the spot prices for the trading hub in Southern California from 1/1/99 to 12/1/01.  This 
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price series was chosen because it reflects unregulated bilateral trading before and during 
the period when the central market was dysfunctional.  (There are problems with using 
the reported prices for the central markets which are discussed in Section 2).  The hard 
and soft price caps enforced in the central CAISO market are also shown for reference.  
Unlike the earlier price caps, the final hard price cap of $93/MWh was imposed by the 
FERC in June 2001 on the whole Western Interconnection (or WECC).  The important 
implication of Figure 1 is that the prices in the winter of 2001 were much higher than 
normal and consistently above the soft cap of $150/MWh.  Since the FERC has ruled that 
the spot market in California was dysfunctional from May 2000 to June 2001, the federal 
regulators are consistent with the literature cited above.  The main issues of contention 
relate to the spatial and temporal extent of this dysfunction, and in particular, on whether 
spot purchases at locations outside California and forward contracts are eligible for 
refunds.  
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Figure 1:  Spot Prices at Southern California and the Price Caps in California,  

Blue   CAISO Hard Cap  
Red   CAISO Soft Cap 
Black  WECC Hard Cap 

(Source, Energy Market Report and the CAISO) 
 
 The objective of this paper is to address two issues of contention faced by the 
FERC, and to show that 1) the spot prices at different trading hubs throughout the WECC 
were highly interdependent, and 2) that the unexpectedly high spot prices resulted in high 
forward prices due to the uncertainty about future conditions in the market.  In other 
words, the dysfunction in California market spread to the whole WECC and was also 
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responsible for the high forward prices in the winter and spring of 2001 when forward 
contracts were being executed.  Section 2 estimates the relationships among the spot 
prices at six different trading hubs and the CAPX.  Section 3 describes how the forward 
price curve at one trading hub changed before, during and after the period of dysfunction 
in California.  Section 4 estimates the relationships between the spot and forward prices 
at the trading hub described in Section 3 for different delivery dates, and Section 5 
determines the corresponding affects of the dysfunction in the spot market on these 
forward prices.  Finally, the conclusions of the analysis are summarized in Section 6.   
 
 
2.  The Relationships among Spot Prices at Different Trading Hubs 
 

The main purpose of this section is to justify using forward price data from 
Arizona in the following sections to evaluate the market in California.  The analysis 
shows that the spot prices at different trading hubs in the WECC, including the CAPX, 
are highly interrelated.  Consequently, the dysfunctions affecting the California market 
from May 2000 to June 2001 also affected the spot prices at other trading hubs in the 
WECC, and the choice of the specific location for an analysis of forward prices is 
unlikely to affect the general conclusions.  (This has practical implications because the 
availability of reliable data on forward prices is relatively limited.)  Since the primary 
purpose of the paper is to analyze the relationship between spot and forward prices, the 
discussion of the econometric results for spot prices in this section is limited.  More 
detailed results are given in Appendix A.   

 
In this section, Vector Auto Regressive (VAR) models of spot prices were 

estimated for three different locations in the WECC: Mid-Columbia in the Pacific 
Northwest, Mead in Nevada, and Palo Verde in Arizona, and at four different locations in 
California; the California-Oregon Border (COB), Northern California, Southern 
California, and CAPX.  The results show 1) all trading hubs exhibit the same type of 
structural shifts associated with the use of a soft-cap auction in California, 2) all trading 
hubs have a set of dynamic features in common, and 3) these interdependencies cover the 
period when the market for electricity in California was dysfunctional.    
 

The spot prices for Mid-Columbia, Mead, Palo Verde, COB, Northern California 
and Southern California were obtained from Energy Market Report, and these data cover 
the period 1/1/99 to 8/31/02 for a total of 1339 daily observations of the on-peak spot 
price.  The corresponding data for the CAPX were obtained from the Internet site for 
POWER at the University of California, Berkeley (the Internet site for the CAPX is no 
longer available).  For reasons explained below, only data for the CAPX to 12/7/00 were 
used in the econometric analysis.    
 

After the FERC ordered that a soft-cap auction would replace the existing 
balancing market operated by the CAISO in December 2000, the CAPX ceased to 
operate. The use of a soft-cap auction was associated with a period of extremely high spot 
prices in the winter of 2001.  However, these high prices were not reported directly by the 
CAISO.  The reported prices were truncated at the level of the soft-cap during the winter 
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of 2001.  This can be seen in Figure 2 by comparing the CAISO prices with the 
corresponding prices for the trading hub in Southern California.  Since the CAISO data 
are truncated, analyses involving spot prices from the central market in California were 
limited to the period up to 12/7/00 before the soft-cap auction was introduced.  Prior to 
the soft-cap auction, most sales in the central California market were made in the day-
ahead auction operated by the CAPX, and these are the spot prices used in the 
econometric analysis for the period 1/1/99 to 12/7/00.  
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Figure 2:  Spot Prices of Electricity for the California ISO and Southern California  
(Source, California ISO and Energy Market Report) 
 
 

In an econometric analysis, a “structural” model includes measured explanatory 
(input) variables, like the prices of fuels used for generation.  In contrast, a “time series” 
model does not include measured explanatory variables, and all of the measured variables 
are dependent (output) variables in a time series model.  The values of these dependent 
variables in earlier time periods (lagged dependent variables) are used as explanatory 
variables together with simple functions of time, such as seasonal cycles.  A time series 
model was used for this analysis because much of the information needed to develop a 
structural model was not available.  In fact, the general lack of public data, in addition to 
the CAISO prices in the winter of 2001, is a major handicap for understanding what 
happened to electricity prices in California.  

 
 In the VAR model, the daily spot prices (in logarithms) at different locations are 
the dependent variables, and each spot price is regressed on the same set of seasonal 
variables, structural shift variables and the lagged values of all prices.  The seasonal 
variables represent the typical annual pattern of spot prices (e.g. higher prices during the 
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summer and winter months due to higher production costs), the structural shift variables 
reflect the use of a soft-cap auction in California, and the lagged prices allow for dynamic 
responses and interdependencies among the trading hubs.  
  

The standard seasonal pattern of high spot prices in the summer and winter 
months and low prices in the spring and fall is represented by two sine/cosine waves 
(representing a one year and a half year cycle).  In addition, dummy variables for 
Saturdays, Sundays and national holidays are included to account for the relatively low 
prices on these days.  All of these variables represent the normal pattern of changes in the 
mean price associated with changes of production costs. 
 

Compared to previous winters, the increases in spot prices after the soft-cap 
auction was introduced in December 2000 were dramatic and unexpected.  For this 
reason, structural shifts were incorporated into the VAR model for the period when the 
soft-cap auction was operating from December 2000 to June 2001.  In June 2001, a hard 
price cap was enforced by the FERC throughout the WECC.  Consequently, additional 
structural shifts were incorporated for this latter period to distinguish conditions when the 
soft-cap auction was operating from other periods.  For all trading hubs other than the 
CAPX, each structural shift was specified by two different variables.  One structural 
variable was a dummy variable for each specified period (i.e., one during the soft-cap 
market and another after the soft-cap market), and the other structural variable was an 
inverse function of the number of days in each period (i.e., 1, 1/2, 1/3, 1/4, . . .,  starting 
with the first day of the structural shift) and zero otherwise.  The reason for including 
these inverse variables was to account for the very high spot prices that coincided with 
the introduction of the soft-cap market in December 2000, and to allow for a gradual 
adjustment of spot prices back to normal levels after the soft-cap auction was replaced.  
 

Although it is possible in theory to estimate a single VAR model that includes the 
spot prices for all seven trading hubs, this could not be done in practice because the 
prices are so closely related to each other (see Figures 3 and 4).  Hence, two different 
VAR models were estimated in two steps using only four trading hubs in each model to 
maintain computational accuracy.  Each equation in a second order VAR model for four 
prices covering the full sample period has 2x4 = 8 lagged prices, an intercept and 11 
coefficients for the seasonal and structural shift variables to give a total of 20 coefficients 
(the four structural shift variables are not included if the model uses only data prior to 
December 2000).  By estimating the VAR model in two stages, the number of 
coefficients estimated in each stage is reduced substantially and the computations are 
tractable.  In the first stage of the estimation, the four spot prices were transformed to 
logarithms and the effects of seasonality and structural shifts were removed from each 
price series using ordinary least squares.  The computed residuals from the first stage 
were then used as dependent variables in the second stage to estimate a second order 
VAR model.  (It should be noted that the first stage models are the same regardless of 
which spot markets are grouped together in the second stage of the model.) 
 

The seasonal effects and the structural shifts associated with the soft-cap market 
in the first stage estimation account for over 60% of the total variability of the spot prices 
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at all locations other than the California Power Exchange (the unexplained variability in 
this market is similar in size to the other locations, but the total variability is lower 
because the data period stops in December 2000).  The most important feature of the first 
stage estimation is that the coefficients of the structural dummy variable for the soft-cap 
auction are all positive and highly statistically significant in all six spot markets (i.e., 
excluding the spot prices at CAPX because this model does not use data when the soft-
cap auction was operating).  These results show that the changes in the auction rules 
implemented by the FERC in the CAISO market were associated with increases of spot 
prices at all trading hubs in the WECC.  The effects of the soft-cap auction were not 
limited to California.  In fact, the estimated shifts are largest in Mid-Columbia and COB, 
corresponding to increases of over 700% from the normal seasonal levels. After a hard-
cap on spot prices in the WECC was introduced in June 2001, the structural shifts for all 
trading hubs imply that prices fell to at least 30% below the levels prior to the 
introduction of the soft-cap auction.  Once again, there is consistency in the structural 
shifts at all trading hubs.  
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Figure 3:  Spot Prices of Electricity at Four Trading Hubs in the WECC  
(Source, Energy Market Report) 
 

In the second stage of the estimation, the computed residuals from the first stage 
estimation are used as the dependent variables to estimate a VAR model and account for 
the serial correlation that exists in these residuals. Since a first order VAR model could 
not explain all of the serial correlation, it was necessary to estimate a second order VAR 
model.  In addition, it was not practical to estimate a single VAR model for all seven 
markets due to the high collinearity among the lagged dependent variables.  As a result, 
models with only four trading hubs were specified. The first group of four trading hubs 
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covers the full geographical range of the WECC from the Pacific Northwest to the 
Southwest (Model A: Palo Verde, Mid-Columbia, Mead and COB).  The spot prices for 
these four locations are shown in Figure 3.  The four trading hubs in the second group are 
in California (Model B: COB, Southern California, Northern California and CAPX).  
Since CAPX data are used, the estimation of Model B is based on prices before the soft-
cap auction.  These prices are shown in Figure 4.  Since the prices shown in Figures 3 and 
4 are closely related together, the results from estimating the VAR models simply 
confirm this fact.  
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Figure 4:  Spot Prices of Electricity at Four Locations in California  
(Source, California ISO and Energy Market Report) 
 

The computed residuals from the second order VAR models pass most of the 
desired tests for being white noise, and the models are reasonably consistent with the 
statistical specifications.  For any one of the four price series in either Model A or Model 
B, there are two lagged prices of the same price series and six lagged prices from the 
other three price series.  In general, if the lagged prices of the other series are statistically 
significant, it implies that each price series shares a common dynamic structure with the 
other three price series.  If these “cross-price” coefficients are not statistically significant, 
then the dynamic structure of each price series is independent of the other price series.  In 
the estimated model, there are 24 cross-price coefficients and 8 own-price coefficients for 
the four price series.  

 
The estimated coefficients shown in Table 2 of Appendix A imply that 21 out of 

the 24 cross-price coefficients are statistically significant (i.e. not equal to zero) in Model 
A.  As a result, there is strong statistical evidence that the spot prices at four different 
locations in the WECC share a common dynamic structure and are highly interdependent.  
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The three cross-price coefficients that are not statistically significant correspond to 
second order effects.  Since all of the first order effects among the four locations are 
statistically significant, it implies that price shocks in any one of the four locations will 
affect the other three locations in the WECC.  All four locations are interdependent and 
this implies that spot prices from Arizona to Washington State effectively belong to a 
single market.  The results for Model B are similar, and 23 of the 24 cross-price 
coefficients are statistically significant from zero.  This result provides direct statistical 
evidence that spot price behavior in the central market in California affected the spot 
prices at other locations. (It should be noted that both Models A and B include spot prices 
at COB.)   

 
Combining the results of a shared dynamic structure for spot prices at different 

locations with the finding that all trading hubs were affected similarly by the structural 
shifts associated with the introduction of a soft-cap auction in California provides 
overwhelming statistical evidence. The high spot prices in California when the market 
was dysfunctional were transmitted to other trading hubs throughout the WECC. This 
conclusion has important implications for FERC in determining which customers are 
eligible for refunds for purchases of electricity in the spot market.  If spot prices in 
California were unjust and unreasonable, they were also unjust and unreasonable at the 
other trading hubs in the WECC. 
 
 
3. The Behavior of Forward Prices when the Market was Dysfunctional 
 
 The objective of this section is to describe how forward prices for electricity 
behaved.  However, reliable data on forward prices are difficult to obtain.  For example, 
trading on the New York Mercantile Exchange (NYMEx) for locations in the WECC 
virtually ceased when the market in California was dysfunctional, and most forward 
trading was over-the-counter using organizations like Enron-On-Line (EOL).  The 
situation is quite different from natural gas.  Trading on NYMEx for delivery at Henry 
Hub in Louisiana is very active, and these prices provide a valuable benchmark for 
trading at other locations.  An important practical difference between NYMEx and EOL 
is that trading on NYMEx is governed by a strict set of rules.  These include not allowing 
bogus trades such as “wash” trading between two affiliated firms (to distort the prices 
reported in the market), and most importantly, not allowing NYMEx to hold positions in 
the market.  The potential profits from combining these two practices together were too 
tempting for EOL on the West Coast (see FERC, 2002). 
 
 The forward prices of electricity used in this section are monthly quotations for 
on-peak delivery at Palo Verde for different delivery months in the future (the quotations 
correspond to the first trading day of each month).  These data were obtained from a 
utility company (Utility A) in the WECC that had responsibility for meeting load.  Hence, 
these are valuable data for research because they represent the information used to make 
decisions about forward contracts.  The corresponding forward prices of natural gas for 
delivery at Henry Hub are readily available from NYMEx, and for reasons discussed in 
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the following section, these prices are more appropriate for the analysis than prices for 
delivery in California.   
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Figure 5:  Forward Price Curves Quoted on 3/1/00 for Electricity at Palo Verde, for 
Natural Gas at Henry Hub, and the Corresponding Price Ratio 
(Source, Utility A and NYMEx) 

 
Figure 5 shows the forward price curve for electricity at Palo Verde (PV), the 

forward curve for natural gas at Henry Hub (HH) and the corresponding forward price 
ratios of electricity to natural gas (EL/NG) quoted on March 1, 2000 (i.e., these forward 
prices are the prices that could be set on March 1, 2000 for different delivery months in 
the future from April, 2000 to September, 2002).  These forward curves represent market 
conditions well before the market became dysfunctional in the summer of 2000.  Under 
normal conditions, each forward price corresponds to the expectations of market traders 
about the future spot price at the delivery date plus a risk premium.  Even though the 
forward price curve for natural gas appears to be almost flat, the prices of natural gas are 
slightly higher in the winter than the summer. In contrast, the forward curve for 
electricity exhibits a strong seasonal pattern with the highest prices in the summer months 
and moderately high prices in the winter months.  

 
The seasonal pattern of forward prices for electricity represents different market 

factors that affect the cost of operating a marginal generator.  The high prices in the 
summer are roughly twice as high as the prices in the winter because relatively inefficient 
turbines (i.e., with high heat rates and high emission rates) are used to meet the high 
loads in the summer.  For example, a combined cycle turbine, with an efficiency of 50% 
electric, could be the marginal generator in the winter, and a single-cycle jet engine, with 
an efficiency of 25% electric, could be the marginal generator in the summer. 
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The forward price ratio (EL/NG) in Figure 5 exhibits roughly the same seasonal 
pattern as the price of electricity.  If the forward price of natural gas increased for some 
reason, one would expect the forward price of electricity to increase as well because 
natural gas is typically the fuel used by the marginal generator.  Hence, using the forward 
price ratio is a convenient way to remove the effects of changes in the forward price of 
natural gas when evaluating the changes in the forward price of electricity that occurred 
when the spot market was dysfunctional. The forward price ratios are shown for three 
different trading dates in Figure 6.  The forward price ratios on the earliest trading date 
(3/1/00) are identical to the ratios (EL/NG) shown in Figure 5.  The other two trading 
dates correspond to 1) the middle of the summer of 2000 (8/1/00) after the spot prices of 
electricity had become unexpectedly high, and 2) a date just before the FERC introduced 
a soft-cap auction in California (12/1/00). 

 

 
Figure 6:  Forward Price Ratios of Electricity at Palo Verde to Natural Gas at Henry Hub 
for Three Trading Dates in 2000.  

 
The high spot prices of electricity in the summer of 2000 were interpreted as 

primarily a summer problem, and the forward price ratios for the winters of 2001 and 
2002 were similar to normal levels (i.e., the forward curve on 8/1/00 increased in the 
summer months much more than in the winter months, relative to the normal conditions 
represented by the forward curve on 3/1/00).  There were few changes in the expectations 
of traders during the fall of 2000 and the forward curves on 8/1/00 and 12/1/00 are almost 
identical for delivery dates after March 2001.  For earlier delivery dates, the forward 
curve on 12/1/00 was higher than it was on 8/1/00 because the spot prices of electricity 
had remained higher than normal in the fall of 2000.  The main conclusion is that traders 
considered that the high spot prices of electricity relative to natural gas in the fall of 2000 
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did not represent a long-term change in the spot market, but the unusually high spot 
prices in the summer of 2000 were likely to occur again in future summers.  

 
After the soft-cap auction was introduced in December 2000, the spot prices of 

electricity (and natural gas) were extraordinarily high (see Figure 2).  Figure 7 shows that 
the forward price ratios for all months increased dramatically, reaching 125 for delivery 
in the summer of 2001 and over 70 for the summer of 2002 on 4/2/01.  Comparing the 
forward curves on 2/2/01 and 4/2/01 implies that the forward price ratios for delivery in 
future summer months actually increased during the winter of 2001.  In other words, 
traders interpreted the unusually high spot prices for electricity in the winter of 2001 as 
indicative of major changes in the spot market throughout the year and not just as a 
winter problem.  Unfortunately for customers, the FERC Order from the previous fall 
resulted in many forward contracts for electricity being signed during the winter of 2001 
when the forward prices of electricity were at their highest levels. 

 
Figure 7:  Forward Price Ratios of Electricity at Palo Verde to Natural Gas at Henry Hub 
for Five Trading Dates in 2000 and 2001. 
 

In the winter of 2001, traders believed that the spot market for electricity was 
truly dysfunctional and that the spot prices of electricity would continue to be abnormally 
high into the future.  Furthermore, both the FERC and the California state government 
did little at that time to reestablish confidence in the spot market.  Compounding the 
concerns of traders about the spot market, Pacific Gas and Electric (PG&E) filed for 
bankruptcy.  This was the first major electric utility to do so in the history of the industry.  
Firms with commitments to serve customers must have viewed this bankruptcy as a very 
ominous omen for the future.  Any firm that continued to buy high in the spot market and 
sell low at regulated rates to customers could end up facing the same predicament at 
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PG&E.  In this market, buyers were exposed to unacceptably high levels to risk (i.e., 
there appeared to be no limit on how high the price of electricity could go, and both 
federal and state regulators seemed reluctant to intervene in an effective way).  

 
In contrast to the risk faced by buyers in a deregulated market for electricity, 

suppliers have a built-in call option when they own a generator because they do not have 
to sell if the spot price is below their operating cost (i.e., operating profits do not fall 
below zero for sales in the spot market).  Consequently, there is an asymmetry of risk that 
is favorable to suppliers compared to buyers when forward contracts are made.  More 
uncertainty about future spot prices will tend to make the risk premium higher in a 
forward contract.  As a result, forward prices for electricity in a dysfunctional spot market 
are likely to be much higher than the true statistical expectation of the future spot price.  
This risk premium is an important reason why the forward ratios in Figure 7 on 2/2/01 
and 4/2/01 were so abnormally high. 

 
Figure 8:  Forward Price Ratios of Electricity at Palo Verde to Natural Gas at Henry Hub 
for Seven Trading Dates in 2000 and 2001. 
 

Figure 8 shows the forward the price ratio for two additional trading dates.  The 
forward curve on 6/1/01 had shifted down from the forward curve on 4/2/01, but the 
ratios for the next two summer months in 2001 were still high (over 70) even though the 
ratios for the coming winter were back to normal.  The ratios for the following summer of 
2002 reach 40 and are similar to the corresponding ratios that were expected a year 
earlier during the previous summer on 8/1/00.  In other words, traders still expected the 
market to have problems in the summer months, but they believed that conditions would 
return to normal in the winter months.  When the actual spot prices of electricity 

Forward Price Ratio of Electricity/Natural Gas 

0

20

40

60

80

100

120

140

M
ar

-0
0

M
ay

-0
0

Ju
l-
0
0

Se
p-

00

N
ov

-0
0

Ja
n-

0
1

M
ar

-0
1

M
ay

-0
1

Ju
l-
0
1

Se
p-

01

N
ov

-0
1

Ja
n-

0
2

M
ar

-0
2

M
ay

-0
2

Ju
l-
0
2

Se
p-

02

DELIVERY DATE

3/1/00 8/1/00 12/1/00 2/2/01

4/2/01 6/1/01 8/1/01

 



 14   

continued to fall during the summer of 2001 (see Figure 2), traders believed the problem 
in the summer had also been solved.  The forward curve on 8/1/01 has essentially 
returned to the original forward curve on 3/1/00 when market conditions were normal and 
traders expected that they would remain normal. 

 
In summary, there were effectively two different types of dysfunction in the spot 

market for electricity.  First, traders interpreted the unusually high prices in the summer 
of 2000 as a summer problem only.  Second, the unusually high spot prices in the winter 
of 2001 were interpreted by traders as a much more serious problem that would persist 
and affect future prices in all months.  By the end of the winter of 2001, forward prices 
for delivery in the summer months reflected the combination of both types of 
dysfunction. As soon as it became clear that regulators were determined to do something 
about the dysfunctional spot market, then confidence in the market returned.  After a hard 
price cap was enforced by FERC throughout the WECC in June 2001, it appeared 
unlikely that the high prices experienced in the winter of 2001 would occur again.  By 
August 2001, the low spot prices of electricity helped to convince traders that the 
problems of the previous summer had also been eliminated.  Wolak (2003a) has argued 
that the increase of purchases from forward contracts at that time was also a major reason 
why spot prices returned to normal.  There were probably a number of different reasons 
why both the spot and forward prices returned to normal in the summer of 2001.  
However, these reasons do not include any obvious reduction in production costs during 
the summer.  For example, the spot price of natural gas fell steadily from February to 
August 2001 (see Figure 9 in the next section).  Limiting the effects of market power and 
lowering the risk faced by buyers are the main reasons why conditions in the market 
returned to normal.   
 
 
4. The Relationship between the Spot and Forward Prices of Electricity 

An important policy issue is whether the high forward prices of electricity during 
the winter and spring of 2001 were affected by the high spot prices in the California spot 
market because many forward contracts were executed during that period.  In this section, 
an econometric analysis shows that the unexpectedly high prices in the spot markets for 
both electricity and natural gas contributed to the high forward prices of electricity.  The 
models have a structure that is consistent with economic principles, and explain the 
dramatic changes in the forward prices for specified delivery months from June, 2001 to 
August, 2002.  Each model uses the ratio of the forward price of electricity at Palo Verde 
to the forward price of natural gas at Henry Hub (in logarithms) for a specified delivery 
month as the dependent variable.  The basic structure of the model allows the forward 
price to converge towards the spot price as the trading date gets closer to the delivery 
date.  However, the main purpose of the model is to estimate how the forward price ratio 
responded to conditions in the corresponding spot markets for electricity and natural gas.  

 
The first step of the analysis is to separate the typical seasonal patterns of the spot 

prices from the price shocks when the market was dysfunctional.  The forward curves 
quoted on 3/1/00, shown in Figure 5, represent the typical seasonal patterns before the 
market became dysfunctional.  Figure 9 shows that the seasonal patterns of different 
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forward curves (in logarithms), quoted on the first trading day of each month from 
November 1999 to March 2000, were all very similar to each other.  For these months 
prior to the market dysfunction, changes in the expectations about forward prices were 
relatively minor.  There were small parallel changes in the forward curves for natural gas, 
and small changes in the forward price ratio for the nearest delivery months.  Since the 
earliest forward price data available for electricity at Palo Verde were for November 
1999, the forward curves quoted on 1/11/99 were used to predict the normal seasonal 
pattern of prices for natural gas and the price ratio (EL/NG). 
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Figure 9:  Forward Price Ratios of Electricity (Palo Verde) to Natural Gas (Henry Hub) 
and Forward Prices of Natural Gas on Monthly Trading Dates from 11/1/00 to 3/1/00 
Source : Utility A and NYMEx. 

 
 
Separate regression models were fitted for 1) the logarithm of the forward price 

ratio of electricity at Palo Verde to natural gas at Henry Hub quoted on 11/1/99, and 2) 
the logarithm of the forward price of natural gas at Henry Hub quoted on 11/1/99.  Using 
the forward price ratio provides an estimate of the seasonal pattern for electricity 
conditional on the forward price of natural gas.  The forward price ratio represents 
traders’ expectations about the typical change in the ratio of the spot prices of electricity 
to natural gas associated with annual changes in the production costs of the marginal 
generator.  The seasonal cycle is represented by a Sine and a Cosine variable plus a 
summer effect.  The model also allows for an initial adjustment in the forward curve over 
time.  The models for electricity and natural gas can be specified as follows:  
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Model for electricity (conditional on the price of natural gas) 
 

tt43210t åDât)èCos(ât)èSin(âTââFR +++++=  [1] 

 

Model for natural gas 
 

t3210t åt)èCos(ât)èSin(âTââFNG ++++=  [2] 

 

where 
FRt : forward price ratio of electricity to natural gas quoted on 11/1/99 (trading 
date) for delivery month t (in logarithms) 
FNGt:  forward price of natural gas quoted on 11/1/99 (trading date) for delivery 
month t (in logarithms) 

T:  inverse time trend 
1()1t=+

 

Sin, Cos: yearly cycle variables with 2 /12! "=    
D: summer variable (if month is July or September, D = 1;  
if month is August, D = 2; and D = 0 otherwise) 

 
 

Table 1.  Estimated Models of Normal Price Behavior 

Parameters Model for Electricity (1) Model for Natural Gas (2) 

0
!  2.39689 0.93123 
 (0.04524) (0.00955) 

1
!  0.11285 0.10623 
 (0.14205) (0.03131) 

2
!  -0.19192 0.04471 
 (0.03446) (0.00536) 

3
!  0.00204 0.04701 
 (0.02450) (0.00538) 

4
!  0.31622                                 - 

 (0.03797)                                 - 

R2 0.9253 0.8738 
SSE 0.2589 0.0130 
DFE 28 29 

The numbers in parentheses represent standard deviations, and bold coefficients 
have P-values < 0.05. 
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Figure 10:  Actual and Fitted Forward Curves Quoted on 11/1/99 for the Price Ratio of 
Electricity to Natural Gas and for Natural Gas (in logarithms) 
Source :   Utility A for Electricity and NYMEx for Natural Gas. 

 
For both electricity and natural gas, the fitted models in [1] and [2] represent price 

behavior under “normal” conditions.  The regression results are summarized in Table 1, 
and the actual and fitted forward curves are shown in Figure 10.  The models fit the data 
well and the coefficients are determined reasonably accurately.  
 

The two estimated models in Table 1 were then used to predict the normal annual 
patterns of the corresponding daily spot prices of natural gas and the spot price ratio 
(EL/NG) (in logarithms).  The monthly time variables were converted to days by scaling  
(tmonth = tday / 30.5).  The actual and predicted normal daily values are shown in Figure 11.  
The important implication for natural gas is that the spot prices were persistently higher 
than normal from May 2000 to August 2001.  The same is true for the price ratio from 
May 2000 to June 2001.  However, for the price ratio, there is an important difference 
between the high values in the summer of 2000 and the winter of 2001.  Since high price 
ratios are normal in the summer and not in the winter, the high values in the winter of 
2001 were much more of a surprise to traders than the high values in the summer.  The 
FERC concluded that the market had been dysfunctional in the summer of 2000, and in 
view of the results in Figure 11, the market must have been even more dysfunctional in 
the winter of 2001.   

 
The differences between the actual and the fitted values in Figure 11 represent the 

“price shocks” in the spot markets for electricity and natural gas.  From this point on, 
“price shocks” will be used to represent the uncertainty about current market conditions 
when spot prices departed from the normal seasonal patterns shown in Figures 10 and 11. 
Under normal conditions, the price shocks will tend to vary around zero.  However, after   
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Figure 11:  Spot Price Ratios of Electricity (Palo Verde) to Natural Gas (Henry Hub) and 
Spot Prices of Natural Gas (in logarthims) 
Source:  Energy Market Report for Electricity and Platts for Natural Gas 
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Figure 12:  Monthly Average Price Shocks for Electricity and Natural Gas 
Source : Derived from Figure 11 
 



 19   

May 2000, both markets were abnormal and the price shocks were consistently positive.  
For electricity, the price shocks are computed from the price ratio, and therefore, are 
conditional on the current spot price of natural gas.  In the summer of 2000, the price 
shocks for electricity are relatively small because higher prices are expected in the 
summer under normal conditions.  In contrast, the price shocks for electricity in the 
winter of 2001 are much larger because prices are normally low in the winter.  The 
monthly averages of the price shocks for electricity and natural gas are shown in Figure 
12.  (Monthly averages are shown because monthly data are used in the next part of the 
analysis).  It is interesting to note that both price shocks in Figure 12 have similar 
patterns even though the effects of the high spot prices of natural gas have been removed 
from the price shocks for electricity.  Both types of price shock were highest in the winter 
of 2001. 
 

The next step in the analysis is to estimate the effects of the price shocks in the 
spot markets for electricity and natural gas on the forward price ratios for different 
delivery dates (i.e., to explain the changes in the forward price ratio described in Section 
3).  The model uses a weighted average of the actual spot price ratio (adjusted for 
seasonality) and a function of the price shocks in the spot market.  The weights of both 
components of the model add to one.  The weight for the adjusted spot price ratio 
increases to one as the trading date gets closer to the delivery date.  At the same time, the 
weight for the function of price shocks goes to zero.  This structure was specified to 
capture the economic principle that a forward price should converge to the spot price 
when the trading date approaches the delivery date. For the purpose of estimating the 
model, however, the price shock component of the model is completely dominant until 
the last two or three months before delivery.   
 

 The dependent variable in the model is the logarithm of the forward price ratio of 
electricity to natural gas (EL/NG).  The first component of the model corresponds to a 
naïve forecast based on the observed spot price ratio in the previous month, adjusted for 
seasonal effects.  If the current trading month is t and the delivery month is T, then the 
forecasted logarithm of the price ratio is:  
 

   

! 

FRfT ,t = Pelt"1 " Pngt"1( ) + FRT " FRt"1,( ) = PelSt"1 " PngSt"1 + FRT ,  
 
where Pel and Png are the average spot prices for electricity and natural gas, PelS and 
PngS are the corresponding price shocks, and FR is the forward price ratio predicted in 
[1] (all in logarithms).  Under this specification, the forecasted price ratio equals the 
actual price ratio when the trading month and the delivery month are the same (T = t-1). 
 
 The second component of the model incorporates the unexpected price shocks in 
the spot market using a distributed lag framework.  The model implies that traders 
respond to a weighted average of past price shocks.  Under normal market conditions, 
average price shocks will be close to zero, but when the market was dysfunctional, the 
price shocks were persistently above zero.  The model estimates how the cumulative 
effects of these positive price shocks affected the risk premium for electricity in the 
forward market.  Three different price shocks are identified in the model.  These are 1) 
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electricity before the soft-cap auction was introduced, 2) electricity after the soft-cap 
auction was introduced, and 3) natural gas.  The specific form of the model can be written 
as follows: 
 

( ) +!+"=
tTt0tT

FRfW1FR
,,

 

                      ( )( )1 2 1 1 3 1 1 4 1 5 , 1
1t t t t T t tW D PelS D PelS PngS FR! ! ! ! ! "# # # #+ + # + + +         [3] 

 
where      t = 1,2,…,T is the trading month 

T is the delivery month 

Wt :  

! 

=1"
1

T " t +1( )
2

 is a specified weight between 0 and 1  

FRT,t is the logarithm of the ratio of the forward prices of electricity at Palo 
Verde to natural gas at Henry Hub traded on the first business day of 
month t for delivery in month T 

FRfT,t is the forecast of FRT,t made on month t (lagged spot price ratio adjusted 
for seasonal effects) 

D1 is a dummy variable for months prior to the soft-cap auction 

PelSt is the conditional price shock for electricity for month t (deseasonalized 
spot price ratio in logarithmic form) 

PngSt is the price shock for natural gas for month t (deseasonalized spot price 
in logarithmic form) 

  
The inverse quadratic form of the weight W in [3] was selected on the basis of fit 

over a simple inverse function.  The quadratic form implies that the weight is close to one 
for most of the sample, and therefore, the price shock component of the model is the most 
important for estimation.  Initial versions of the model were simpler in structure, and in 
particular, the important role of the price shocks for natural gas was not anticipated.  
These simpler models are nested in [3], and the two most important can be specified in 
terms of which price shocks affect the risk premium as follows:   
 

Conditional price shocks for electricity only (PelS)  0and
432
=!!=!  

 
Unconditional price shocks for electricity only (PelS + PngS)  

432
!=!=!  

 
Neither of these simple forms of the model were supported by the data.  The final form of 
the model in [3] allows for different coefficients for PelS before and after the introduction 
of the soft-cap auction, and our expectation, based on the discussion in Section 3, was 
that the soft-cap auction introduced an additional source of uncertainty into the market 
that would increase the risk premium

! 

i.e.,0 < "
2

< "
3

( ) . 
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Table 2.  Regression Results for the Forward Price Ratio in Summer Months 
 

Delivery Date (Summer 2001) Delivery Date (Summer 2002)  
Parameters D_6_01 D_7_01 D_8_01 D_6_02 D_7_02 D_8_02 

0
!  
 
1
!  
 
2

!  
 
3
!  
 
4

!  
 
5
!  

 

1.1369 
(0.9434) 

0.8629 
(0.8491) 

0.1649 
(0.2649) 

0.6153 
(0.2404) 

0.4080 
(0.1541) 

0.2486 
(0.2143) 

-1.1365 
(0.5450) 

3.4592 
(0.5714) 

0.3324 
(0.1634) 

0.7651 
(0.1361) 

0.2637 
(0.0921) 

0.2412 
(0.1199) 

  -1.5799 
(0.6874) 

4.1291 
(0.5241) 

0.2491 
(0.1972) 

0.6510 
(0.1445) 

0.4289 
(0.1162) 

0.2195 
(0.1565) 

1.5903 
(2.2526) 
-0.1253 

(2.3001) 
-0.0374 

(0.1720) 
0.0794 

(0.1068) 
0.3587 

(0.1154) 
0.4138 

(0.1682) 

  0.0054 
(3.1738) 

2.8252 
(3.2644) 

0.3308 
(0.1579) 

0.5187 
(0.1006) 

0.4088 
(0.1104) 

0.0058 
(0.1332) 

 -11.5812 
 (4.6136) 
14.8557 

 (4.8581) 
 0.4470 

(0.1474) 
0.5472 

(0.0959) 
0.3126 

(0.1005) 
  -0.0422 
(0.1404) 

 R2 
SSE 
DFE 

0.9304 
0.2742 

12 

0.9683 
0.1145 

13 

0.9637 
0.2106 

14 

0.8384 
0.4465 

22 

0.9240 
0.3710 

22 

0.9337 
0.3160 

22 
   The numbers in parentheses are standard deviations and the estimated coefficients are bold if  
P-values < 0.05.  DFE measures the degrees of freedom. 
 
Table 3.  Regression Results for the Forward Price Ratio in Winter Months 
 

                   Delivery Date (Winter 2002)  
Parameters D_1_02 D_2_02 D_3_02 

0
!  
 
1
!  
 
2

!  
 
3
!  
 
4

!  
 

               
5
!  

0.4432 
(0.3995) 

0.7183 
(0.4814) 
-0.1535 

(0.1200) 
0.1032 

(0.0784) 
0.2472 

(0.0759) 
0.4988 

(0.1287) 

0.1770 
(0.4864) 

0.9746 
(0.5891) 
-0.1676 

(0.1450) 
0.0669 

(0.0923) 
0.3082 

(0.0962) 
0.4967 

(0.1459) 

0.2934 
(0.6244) 

0.8579 
(0.8177) 
-0.0466 

(0.1944) 
0.0378 

(0.1612) 
0.3499 

(0.1217) 
0.4907 

(0.2436) 
 R2 
SSE 
DFE 

0.9287 
0.1752 

19 

0.9042 
0.2856 

20 

0.8587 
0.4977 

21 
   The numbers in parentheses are standard deviations and the estimated coefficients are bold if  
P-values < 0.05.  DFE measures the degrees of freedom. 
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Separate models were estimated for each delivery month from June 2001 to 
August 2002.  The models for all delivery months are summarized in Appendix B, and 
the following discussion is limited to the summer months (Table 2) and winter months 
(Table 3).  In general, the models fit the data very well and the statistical properties are 
sound, particularly for delivery in the summer months.  All of the R2 are greater than 84% 
and most models have a R2 greater than 90%.  In Table 2, the price shocks for both 
electricity and natural gas explain the observed changes in the forward price ratios for 
summer months.  Except for June 2002, the coefficient for electricity after the soft-cap 
auction was introduced ( )

3
!  is the largest among the three price shocks for the summer 

months.  In Table 3, conditions for the winter months are different, and the price shocks 
for natural gas have the biggest effect.  The price shocks for electricity after the soft-cap 
auction ( )

3
!  are smaller and are not statistically significant.  The price shocks for 

electricity before the soft-cap auction 

! 

"
2

( )  have small negative coefficients and are also 
not statistically significant. 
 

The overall conclusion is that the price shocks for natural gas have consistent 
effects on the risk premium for electricity delivered in both summer and winter months.  
The corresponding effects of the conditional price shocks for electricity are small in the 
winter months and large in the summer months.  Although additional restrictions could be 
placed on the models to eliminate incorrect signs, our current research is investigating 
how to combine all delivery months into a single model using new data for the daily 
quotations of the forward prices.  We anticipate that the results using daily data will 
provide even stronger statistical evidence for the relationship between price shocks in the 
spot markets and the forward prices of electricity. 

 
One final issue concerns the use of natural gas prices at Henry Hub in the model.  

Basic economics suggests that it would be better to use prices for delivery at a location in 
California.  Generally, the prices of natural gas at different locations are highly correlated 
(see FERC, 2002).  However, the typical historical relationship between the reported 
prices for California and the prices at Henry Hub did not hold during the winter of 2001, 
and the reported prices in California were substantially higher than the already high 
prices at Henry Hub.  The report by FERC staff has raised serious doubts about the 
accuracy of these reported price data for California.  The FERC staff shows, for example, 
how “wash trades” between two affiliated companies were used to distort the reported 
prices in California.   

 
Adding the ratio of spot prices of natural gas at Southern California to Henry Hub 

(in logarithms, with a coefficient
6

! ) to the model in [3] does not improve the fit of the 
model significantly.  A special case of this augmented model corresponds to replacing the 
price at Henry Hub by the price at Southern California ( )

64
!=! .  However, most of the 

estimates of 
6

! are small and have the wrong sign for this special case (i.e. 
6

! < 0).  None 
of the estimates of 

6
! are statistically significant. For the sample period used in this 

analysis, we conclude that the price of natural gas at Henry Hub was actually a better 
source of price discovery for traders than the reported price in California.  Under normal 
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conditions, the choice of which price to use for natural gas would not matter because the 
prices at the two locations would be so highly correlated. 
 
 
5. Measuring the Cost of the Market Dysfunction 
 

The results in the previous section show that the cumulative price shocks in the 
spot markets for both electricity and natural gas explained the high forward prices of 
electricity when the market was dysfunctional.  The objective of this section is to use the 
models estimated in Section 3 to determine 1) the size of the risk premium in the forward 
market for electricity, and 2) the levels of “mitigated” prices without the risk premium.  
The high risk premiums and the corresponding high forward prices are, in effect, the cost 
of the market dysfunction in California to customers in the WECC.  The results in this 
section strengthen the general conclusions in Section 3, and show that this cost to 
customers was much higher in the winter of 2001 than in the summer of 2000. 

 
The sizes of the different price shocks and their corresponding coefficients 

contribute to the size of the risk premium in the forward market for electricity.  Since the 
basic model in [3] is dynamic and the estimated rates of adjustment (β5) vary by the 
month of delivery, the risk premium is defined as the long-run effect of the price shocks.  
For trading month t, this can be written: 

 
 

            Risk Premium
213145[(1))/(1)]tttExpDPelSDPelSPngS!!!!=+"+"

       [4] 
 
 
The risk premiums for delivery in two summer months (from Table 2) and one 

winter month (from Table 3) are shown in Figure 13, and they measure the percentage 
increase in the forward price of electricity for different trading dates.  The risk premiums 
for delivery in July 2001 are over 400% during the winter of 2001, and over 150% for 
delivery in July 2002.  The risk premiums are smaller for delivery in February 2002 but 
are still close to 100%.  Figure 13 shows clearly the difference between the relatively 
small risk premiums during the first period of the market dysfunction in the summer of 
2000 and the extremely high risk premiums during the second period of the market 
dysfunction in the winter of 2001.  The risk premiums were much higher after the FERC 
intervened in the CAISO market and introduced new auction rules in this market.  The 
economic logic is that the high spot prices of electricity in the winter, when prices are 
usually low, were a sign that conditions for buyers in the spot market would be much 
worse during the next summer, when prices are usually twice as high (see Figure 5).  The 
risk premiums fell back to zero when a hard-price cap was finally imposed by the FERC 
in June 2001 on the WECC (see Figure 1). 
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Figure 13:  Risk Premiums for the Forward Price of Electricity due to Price Shocks in the 
Spot Markets for Electricity and Natural Gas 
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Figure 14:  Risk Premiums for the Forward Price of Electricity due to Price Shocks in the 
Spot Market for Electricity Only 
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 The risk premiums for the three delivery months shown in Figure 13 were 
recalculated using the conditional price shocks for electricity only (i.e., setting 

! 

"
4
= 0 in 

[4]).  These revised risk premiums are shown in Figure 14.  Comparing Figures 13 and 14 
provides additional insight into the sources of risk.  The price shocks for electricity in 
Figure 14 were the dominant source of risk for delivery in the summer months but had 
only a minor effect for delivery in the winter months.  In contrast, the price shocks for 
natural gas increased risk consistently for all delivery months.  These results give a more 
complete explanation of the sources of risk than the general conclusions reached in 
Section 3 (all of the risk was attributed implicitly to the spot market for electricity in 
Section 3). 
 
 The risk premiums shown in Figure 13 illustrate the cumulative effects of the 
persistently positive price shocks in the spot markets for electricity and natural gas on the 
forward prices of electricity.  Under normal conditions, these price shocks would vary 
around zero, and the forward prices would follow the typical seasonal patterns shown in 
Figure 5.   However, prices for natural gas at Henry Hub were much higher than normal 
when the market for electricity was dysfunctional (see Figure 11).  Given these higher 
prices for natural gas, prices for electricity would also be higher under normal conditions.  
It is possible to use [1] to predict the forward prices of electricity for different trading 
dates, and at the same time, to account for the current prices of natural gas and the typical 
annual changes in production costs of the marginal generator.   This is equivalent to 
setting the risk premiums for electricity to zero, and it provides a way to determine 
“mitigated” forward prices for electricity for any selected trading month.  The differences 
between the actual forward prices and the mitigated forward prices measure the cost of 
the market dysfunction. 
 

The mitigated forward prices for electricity were computed as follows: 
 
                    ( ), ,

ˆ
t T T t TMFEL Exp FR FNG= !  [5] 

where 

! 

MFEL
t ,T

 : mitigated forward price of electricity for delivery month T on  
trading month t 

! 

ˆ 
F R

T
 : forward price ratio of electricity to natural gas predicted in [1] 

for delivery month T 

! 

FNG
t ,T

 :     actual forward price of natural gas for delivery month T on 
trading month t 

 
The actual forward curves and mitigated forward curves are shown for twelve 

different trading dates in Figure 15.  (The vertical scale is price, 0 – 700 $/MWh; the 
horizontal scale is the delivery month, March 2000 to August 2002; and the trading date 
is given in the top right-hand corner.)  The mitigated prices are lower than, but still 
relatively close to, the actual prices in the summer and fall of 2000 (first column of 
Figure 15).  These trading dates correspond to the first period of dysfunction in the spot 
market before the FERC intervened in the CAISO market. In contrast, the actual prices  
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Figure 15:  The Actual and Mitigated Forward Prices of Electricity at Palo Verde on 
Specified Trading Dates  
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are much higher than the mitigated prices during the winter and spring of 2001 (middle 
column of Figure 15).  The actual forward price quoted on 4/2/01 for delivery in August 
2001 is $672/MWh compared to a mitigated price of $134/MWh (the latter price is still 
high compared to historical levels).  During the second period of dysfunction, the effects 
of the high prices of natural gas on production costs are dwarfed by the risk premiums on 
the forward prices of electricity (the mitigated prices are actually substantially higher in 
the winter of 2001 than the corresponding prices in the summer of 2000).  The actual and 
mitigated prices are relatively low and almost identical to each other after the market 
dysfunction was corrected in the summer of 2001 (third column of Figure 15).  

 
The high forward prices of electricity experienced in the winter and spring of 

2001 were unprecedented.  Under normal conditions, a forward price of $672/MWh for 
electricity delivered in the summer of 2001 would correspond to a price of $26/MMBtu 
for natural gas at Henry Hub using the price ratio in [1].  The actual forward price for 
natural gas quoted on 4/2/01 for delivery in August 2001 was only $5/MMBtu, 
corresponding to a price of $134/MWh for electricity under normal conditions.  The 
overwhelming conclusion is that the relatively high prices of natural gas in the winter of 
2001 only account for a small part of the increase in the forward prices of electricity.  The 
risk premiums associated with the dysfunctional spot market in California were the 
primary cause of the high forward prices.   
 
 
6. Summary and Conclusions 
 

The econometric analyses in this paper lead to two major conclusions.  First, the 
spot prices at different hubs in the Western Interconnection (or WECC) are highly 
interrelated (Section 2).  Consequently, the problem of high spot prices in California 
when the market was dysfunctional was transferred almost immediately to other trading 
hubs.  In addition, the effects of structural changes in the CAISO market, associated with 
regulatory intervention by the FERC, were reflected by similar changes in spot prices at 
all trading hubs.  The effects were not limited to the central market in California.  
Second, the high spot prices resulted in high forward prices due to high risk premiums 
when the market in California was dysfunctional (Section 4).  In this respect, the FERC 
made a big problem into a huge problem by failing to reestablish just and reasonable 
prices in California when the problem of high prices was first evaluated in the fall of 
2000.  After intervening in the CAISO market in December 2000, spot prices were 
allowed to remain at high levels that were truly unprecedented.  Prices did not return to 
normal levels until the summer of 2001.  Both of these specific conclusions support the 
general conclusion that “The California energy crisis was not a market failure, but a 
regulatory failure” (Wolak, 2003a, p. 2).  
    
 The close relationships among spot prices of electricity at different locations in a 
market are not a surprise to economists.  Traders look for arbitrage opportunities in an 
active market.  As soon as high prices for electricity were seen in California, efforts were 
made by suppliers in other locations to get in on the action.  Eventually, farmers in Idaho 
decided it was more profitable to transfer irrigation water to hydro power rather than to 
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grow potatoes;  aluminum producers decided it was more profitable to sell their 
allocation of power from Bonneville than to produce aluminum;  and BC Hydro wheeled 
surplus power to California to earn profits from the high prices.  In fact, residential 
customers in British Columbia, who received rebate checks from their regulated utility, 
may be the only ones so far to benefit from deregulation in California.  The WECC is a 
single market.  Transmission capacity limits the interdependencies between the WECC 
and other regions further east.  However, only Texas, by design, can operate 
independently of other markets. 
 
 Treating the WECC as a single market would not be a surprise to engineers.  All 
generators from Canada to Mexico must be closely synchronized to ensure that the 
supply system is reliable.  Small perturbations in one location are transferred 
instantaneously by the laws of physics to other locations.  Surges in voltage can travel 
hundreds of kilometers in a few seconds like waves on an ocean. The WECC is a single 
supply system.  Isolating California from the rest of the WECC would require physical 
intervention by system operators by, for example, throwing switches to take transmission 
lines out of service. 
 
 The econometric results in Section 2 confirm that spot prices at different locations 
in the WECC are highly interdependent.  A second order VAR model was estimated 
using the spot prices at Mid-Columbia, the California-Oregon-Border (COB), Mead and 
Palo Verde.  The model shows that these four locations share a common dynamic 
structure and exhibit the same upward shift in prices associated with the intervention by 
the FERC in the CAISO market.  A second VAR model was estimated using spot prices 
at COB, Northern California, Southern California and the California Power Exchange 
(CAPX).  These four locations also share a common dynamic structure, but, due to data 
limitations for the CAPX, this model only uses prices before the FERC intervention, and 
consequently, the effects of this intervention were not estimated.  For the VAR analysis, 
the number of different locations specified in a model was limited by collinearity because 
the spot prices at different locations in the WECC are so highly correlated. 
 
 In spite of the overwhelming evidence from economic and engineering principles 
and econometric analyses such as the one shown in Section 2, the FERC has not yet ruled 
that the WECC is a single market.  Initial decisions by the Administrative Law Judges 
(ALJ) at the FERC in hearings on rebates are limiting the enforcement of just and 
reasonable rates to customers in California.  Customers in the Pacific Northwest will not 
be protected in the same way unless the FERC rules otherwise. 
 
 Although the consequences of high spot prices in the WECC were serious for 
buyers, the resulting consequences in the forward market were truly catastrophic.  
However, public data on forward prices are very limited, and it was fortunate for this 
analysis that a set of forward prices at Palo Verde was provided by Utility A.  Since the 
behavior of forward prices has not been discussed in the literature as much as the 
behavior of spot prices, Section 3 provides a descriptive analysis of how forward price 
curves at Palo Verde changed when the spot market was dysfunctional.  
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 Under normal conditions, the forward prices for electricity exhibit a strong 
seasonal pattern relative to the corresponding price of natural gas.  Prices in the summer 
are about 25 times the price of natural gas, and fall to about 10 times in the winter.  This 
substantial seasonal swing in the price ratio reflects the change in production costs 
associated with the use of generators with high heat rates and high emission rates in the 
summer. 
 
 During the market dysfunction, the ratio of forward prices for electricity to natural 
gas departed from normal seasonal patterns.  The price ratio increased to well over 50 in 
the winter of 2001, five times the normal level.  This happened in spite of the fact that the 
spot prices of natural gas were also much higher than historical levels and over twice as 
high as they had been in the summer of 2000.  The forward price ratios remained at 
abnormally high levels through the winter and spring of 2001, and then fell rapidly back 
to normal levels in the summer of 2001.  This return to normal levels coincided with the 
imposition of a price cap on all spot prices in the WECC by the FERC.  Since that time, 
spot and forward prices have remained at normal levels relative to the price of natural 
gas. 
 
 Economic principles imply that forward prices should equal the expected spot 
price for a specific delivery date plus a premium for risk.  However, the risk faced by 
buyers and sellers in a deregulated electricity market are very asymmetric.  In effect, 
owners of generators hold call options because they are not obligated to generate if the 
spot price is lower than their operating cost.  Deregulated markets do not guarantee that 
suppliers will earn an adequate rate of return on capital, but operating losses are limited.  
In contrast, buyers with an obligation to serve load (i.e. the incumbent utilities) have no 
such protection.  In the winter of 2001, there seemed to be no limit on how high spot 
prices could go.  Utilities were buying power at $300/MWh and receiving less than half 
of that price from their customers, who were still paying regulated rates.  Under these 
adverse circumstances, buyers were willing to pay high risk premiums in forward 
contracts to stabilize the cost of their purchases. 
 
 The intervention by the FERC in the CAISO market exacerbated the problem of 
risk for buyers.  The change in market rules implemented in December 2000 did not put 
an effective cap on prices.  Suppliers were allowed to justify offers above a “soft” price 
cap of $150/MWh on the basis of production costs.  The reaction of suppliers to this 
policy would not have been a surprise to federal regulators if they had listened to the 
concerns raised by the state regulators in California (Wolak, 2003a).  The FERC rules 
encouraged suppliers to use expensive generators, and as a result, added the problem of 
production inefficiencies to the problem of market power.  In addition, efforts were made 
by suppliers to exaggerate the reported costs of input factors such as natural gas and 
emission permits in California.  In essence, the FERC had identified in November 2000 
that there was a serious “meltdown” in the California spot market and had promised to do 
more than “offer short-term or band-aid solutions” to lower prices (FERC, 2000).  The 
actual results of the FERC intervention were very different.  Spot prices immediately 
increased and remained at unprecedented high levels for almost six months.  This 
situation effectively created a state of panic among buyers in the market.  It did not 
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appear that the FERC was willing or able to fulfill the mandated role of ensuring that 
wholesale prices should be just and reasonable.  
 
 The econometric analysis in Section 4 estimated the relationship between spot 
prices and forward prices at Palo Verde when the market was dysfunctional.  The 
important explanatory variables are the price shocks for electricity and natural gas.  These 
price shocks were specified as the difference between the actual spot price and the 
“normal” spot price anticipated in the forward markets before the market dysfunction 
occurred.  For electricity, the price shocks are conditional on the current spot price of 
natural gas (i.e. they account for the high price of natural gas in the winter of 2001).  The 
price shocks for natural gas measure the uncertainty about the supply of the primary fuel 
for generating electricity.  The price shocks for electricity measure the uncertainty about 
the performance of the spot market.  Under normal conditions, the price shocks would 
vary around zero, but they were persistently positive from May 2000 to June 2001.  The 
cumulative effect of both types of price shock explained roughly 90% of the variability of 
the forward price ratio for different delivery months from June 2001 to August 2001.   
 

The effects of the price shocks for natural gas on the forward price of electricity 
were moderately high for all delivery months.  In contrast, the price shocks for electricity, 
particularly for the period after the intervention by the FERC, resulted in major increases 
of forward prices for delivery in summer months.  Since the new FERC rules had failed 
to control spot prices, buyers assumed that the bad market conditions in the winter would 
be even worse in the following summers when spot prices are normally high.  The 
inability of regulators to lower spot prices in the winter of 2001 increased the uncertainty 
faced by buyers in the spot market, and as a result, risk premiums in the forward market 
were extremely high.  The problems of high prices in the dysfunctional spot market were 
transferred to the forward market.  To a large extent, the responsibility for this happening 
can be attributed to the inability of the FERC to act decisively in the fall of 2000 and 
bring wholesale prices down to just and reasonable levels. 
 
 An additional issue in the econometric analysis of forward prices is the use of 
prices at Henry Hub for natural gas.  Economic principles imply that it would be 
preferable to use the price for a location in California.  The problem with doing this is 
that it requires replacing the prices from an established exchange (NYMEx) with over-
the-counter prices for bilateral trades reported by traders.  There is a substantial amount 
of evidence, for the reasons explained earlier, that these prices were exaggerated (FERC, 
2002).  Adding the price of natural gas for Southern California to the model does not 
improve the fit.  The conclusion is that the price from a reputable market at Henry Hub 
was a better source of price discovery for natural gas.  The reported prices in California 
provided another source of uncertainty for buyers. 
 
 The econometric results in Section 4 were further elaborated in Section 5 to show 
the effects of the dysfunctional spot market in California on forward prices.  Since the 
expected price shocks should be zero under normal conditions, the effects of the 
persistently positive price shocks provide estimates of the risk premium paid for 
electricity.  The results in Figure 13 show very clearly how the risk premium changed 
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while the market was dysfunctional.  The risk premiums were relatively small until the 
intervention by the FERC in the CAISO market.  From December 2000 to May 2001, risk 
premiums for delivery in the following two summers were very high, due primarily to the 
price shocks for electricity.  The risk premiums for delivery in the winter of 2002 were 
smaller, due primarily to the price shocks for natural gas.  In June 2001, the risk 
premiums had dropped back to zero.  The high risk premiums in the winter and spring of 
2001 should be called the FERC effect. 
 
 The second part of Section 5 estimated the “mitigated” prices of electricity using 
the actual prices of natural gas and the normal seasonal pattern of price ratios, estimated 
in Section 4.  The actual and mitigated forward prices are shown in Figure 15 for 
different trading dates.  Once again, the effects of risk are relatively small until December 
2000.  The actual forward prices are much higher than the mitigated prices from January 
to May 2001.  By August 2001, the two forward curves are almost identical. 
 
 The method used to compute the mitigated forward prices of electricity is based 
on trustworthy price data for natural gas at Henry Hub.  Hence, this method provides a 
reliable way to determine the “fair” prices in forward contracts for different trading dates.  
Since the prices of natural gas were high in the winter of 2001, the mitigated prices of 
electricity were also higher than historical levels, but not nearly as high as the actual 
forward prices. 
 
 Since the spot prices of both electricity and natural gas were high in the winter of 
2001, it is interesting to consider why the forward markets behaved so differently.  One 
possible explanation is the existence of an established exchange like NYMEx for natural 
gas.  For electricity, Enron-On-Line (EOL) was a major source of price discovery and 
these prices may have been manipulated (FERC, 2002).  For natural gas, prices were 
expected to drop by the summer.  For electricity, however, the prices in the summer were 
expected to go even higher.  This possibility created a frightening prospect for buyers that 
was not resolved until June 2001.  By this time, most forward contracts for electricity had 
been signed.  The basic choice faced by buyers was to pay the high spot prices now or 
pay on the installment plan in a forward contract. 
 
 Unfortunately for customers in the WECC, the FERC is the only regulatory 
organization with the authority to require that forward contracts should be renegotiated.  
Hence, the FERC is in the position of ruling on a problem that they helped to create.  The 
current recommendations of the ALJ at the FERC are that forward contracts are not 
covered by the just and reasonable standard due to the Mobile-Sierra decisions of the 
Supreme Court in the nineteen fifties.  A much higher standard of damage to the public 
interest is required to break a contract.  When the FERC eventually rules on whether 
forward contracts should be renegotiated, we will see whose interests are being protected. 
 
 The Mobile-Sierra standard is a sensible standard in a fully regulated system 
because different utility service areas are effectively independent financial islands.  The 
first lesson from the California energy crisis is that it was really a WECC energy crisis.  
All states in the WECC were adversely affected.  This is an important feature of any 
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deregulated market.  It is virtually impossible to contain high prices in only one location.  
The problem spreads rapidly to all locations until physical transmission constraints or 
regulated regions are reached.  The conclusion is that the Mobile-Sierra standard should 
be replaced by a new standard for deregulated markets. 
 
 The second lesson from the California energy crisis is that bad regulation can 
make matters worse.  The intervention by the FERC in the CAISO market turned a crisis 
into a catastrophe.  New and better procedures are needed to determine when and how the 
FERC should intervene in a deregulated market.  The ambivalent role of the FERC in the 
California energy crisis has undermined the credibility of deregulation.  As Bushnell 
argues (2003), regulators are now more concerned about getting acceptable market 
outcomes rather than setting rules to make a market perform competitively.  This is a bad 
direction for regulation to take.  For example, the success of mitigation in the northeast 
on reducing the number of price spikes in the spot markets has resulted in a shortage of 
new generating capacity.  Elaborate and expensive ways of solving this new problem are 
now being evaluated.  Without a clear policy from the FERC on how to prevent a crisis 
from becoming a catastrophe in the future, the slide back to virtual regulation is likely to 
continue.  At the present time, the uncertainty faced by the public in a deregulated market 
is very asymmetric.  While there is a potential for modest reductions in prices, if things 
go wrong, the sky is the limit. 
 

 

References  
Borenstein, S., J. Bushnell and F. Wolak (2002). “Measuring Market Inefficiencies in 

California’s Restructured Wholesale Electricity Market,” American Economic 
Review, December 92(5), pp. 1376-1405. 

Bushnell, Jim (2003). “Looking for Trouble: Competition Policy in the U.S. Electricity 
Industry,” Center for the Study of Energy Markets (CSEM) Working Paper 109, 
University of California Energy Institute, Berkeley, California, April. 
<www.ucei.org>. 

Chao, H-p. and C.R. Plott (2000). “A Competitive Mechanism for the Distribution of 
Electric Power through a Network and the Determination of Network 
Capabilities.” Working Paper, Department of Management Science and 
Engineering, Stanford University, Stanford, California. 

Faruqui, A., H. Chao, V. Niemeyer, J. Platt and K. Stahlkopf (2001). “Analyzing 
California’s Power Crisis,” The Energy Journal, Vol. 2, No. 4, International 
Association for Energy Economics.  

Federal Energy Regulatory Commission (FERC), (2003). “Final Report on Price 
Manipulation in Western Markets,” Staff Report on Western Markets 
Investigation, Docket No. PA 02-2-2000, March 26. 



 33   

Federal Energy Regulatory Commission (2002).  “Initial Report on Company-Specific 
Separate Proceedings and Generic Reevaluations; Published Natural Gas Price 
Data; and Enron Trading Strategies:  Fact-Finding Investigation of Potential 
Manipulation of Electric and Natural Gas Prices,” Docket No. PA02-2000. 

Federal Energy Regulatory Commission (FERC), (2000). “Commission Proposes to 
Reshape California’s ‘Seriously Flawed’ Electricity Markets with Sweeping 
Changes,” News Release, November 1. 

Hildebrandt, E., (2001). “Further Analyses of the Exercise and Cost Impacts of Market 
Power in California’s Wholesale Energy Market,” Department of Market 
Analysis, California Independent System Operator Corporation, Folsom, 
California. 

Joskow, P. and E. Kahn (2002). “A Quantitative Analysis of Pricing Behavior in 
California’s Wholesale Electricity Market During Summer 2000: The Final 
Word,” The Energy Journal, December. 

Kolstad, J.T. and F.A. Wolak. (2003) “Using Environmental Emissions Permit Prices to 
Raise Electricity Prices: Evidence from the California Electricity Market, 
Stanford University, Stanford, California.  March 10. 
<http://www.stanford.edu/~wolak>. 

Mount, T. D., C.A Vossler, R.J. Thomas, and R.D. Zimmerman (2003). “The California 
Electricity Crisis: An Experimental Investigation of the Effects of Changing the 
Market Rules,” Working Paper, Presented at Eighth Annual POWER Research 
Conference, University of California, Berkeley, California.  March 14. 

Neenan, B.F., D.K. Pratt, P.A. Cappers, R.N. Boisvert and K.R. Deal (2002). “NYISO 
Price-Responsive Load Program Evaluation Final Report,” NISCO Report 
prepared by Neenan Associates, LLC, January. 

Wolak, F. A. and R. Nordhaus (2000). “An Analysis of the June 2000 Price Spikes in the 
California ISO’s Energy and Ancillary Services Markets,” Market Surveillance 
Committee (MSC) of the California Independent System Operator (ISO), 
September 6.  

Wolak, F.A. (2003a). “Lessons from the California Electricity Crisis,” Center for the 
Study of Energy Markets (CSEM) Working Paper 110, University of California 
Energy Institute, Berkeley, California, April. <www.ucei.org>. 

Wolak, F.A. (2003b). “Measuring Unilateral Market Power in Wholesale Electricity 
Markets: The California Market 1998 to 2000,” American Economic Review, 
May, forthcoming.  Available at http://www.stanford.edu/~wolak. 

 


