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The elasticity of substitution (ES) in this model is a function of three terms, as shown 
below: 

(4) 

Other customer characteristics, such as income, household size, and number of people in 
the household, may also influence the elasticities in the CES model. They can be 
included in the specification by introducing additional price interaction terms in a similar 
manner to the CAC and weather terms shown above. Formulas for estimating the 
standard errors of the elasticity estimates when interaction terms are included, and for 
estimating the standard error of demand impacts based on these models, are provided in 
Appendix 10. 

where 

N 

1n(QJ)) =a+ ~:;e.D, +I]In(~»)+ p(CDHf))+ x(CDHD)In{PD ) 

1=1 

Qf) = average daily energy use per hour 
I] = the daily price elasticity 

PD = average daily price 
p = measure of weather sensitivity 

X = the change in daily price elasticity due to weather sensitivity 

CDHo= average daily cooling degree hours per hour (base 72 degrees) 

; = the change in daily price elasticity due to the presence of central air 
conditioning 
CAG = 1 if a household owns a central air conditioner, 0 otherwise 

B; = fixed effect for customer i 

(5) 

D, = a binary variable equal to 1 for the ilh customer, 0 otherwise, where there are 

a total of N customers. 

Ii = regression error term. 

The composite daily price elasticity in this model is a function of three terms, as shown 
below: 

(6) 

As described in subsequent sections, the specific price interaction terms used in the 
demand models vary with the rate treatment. For the CPP-F tariff, the specifications 
depicted above are the primary ones used, although other customer characteristics were 
also examined. 

CHARLES RIVER ASSOCIATES 36 



3. Methodology 

The substitution and daily use equations could have been estimated using the generally 
accepted estimation method known as ordinary least squares (OLS). OLS yields 
unbiased parameter estimates under fairly general assumptions about the distribution of 
the error term. However, if the error terms do not conform to the basic assumptions of the 
classical regression model29

, the usual reported standard errors associated with the 
parameter estimates may be biased. This can happen, for example, if the error terms are 
either autocorrelated or heteroscedastic. The error terms are considered to be 
autocorrelated if the error term in a given time period is correlated with the error term in 
subsequent time periods. The error terms are considered to be heteroscedastic if they 
don't display a constant variance across cross-sectional units. 30 

In the presence of autocorrelation and heteroscedasticity, the standard errors of the 
parameter estimates would be biased downward which, in turn, would make the t
statistics, which are used to judge the statistical significance of the parameters, biased in 
an upward direction.31 Under such circumstances, one could erroneously conclude, for 
example, that time-varying prices have a statistically significant impact on customer 
energy use when there may be insufficient precision in the estimation to reach such a 
conclusion. 

Corrections for heteroscedasticity and autocorrelation when estimation is based on panel 
data can be made using standard estimation software and generalized least squares 
(GLS) estimation methods if the panel data is balanced. 32 A balanced panel data set 
involves repeated observations of the same set of cross-section units. Unfortunately, the 
dataset used for estimating the SPP demand models was comprised of participants that 
were enrolled at different times. This creates an unbalanced panel, that is, one involving 
repeated observations on a varying set of cross-sectional units. 

Given the reality of an unbalanced panel data set, as well as several other practical 
considerations such as the need for joint estimation of the two demand system equations, 
weighting and other factors, a variety of pragmatic solutions to the autocorrelation and 
heteroscedasticity problems were examined.33 One such approach is averaging across 
the daily observations for each day type. Under this approach, for each customer, there 
would be an observation representing average energy use for all pre-treatment days, one 

29 These assumptions require that the error tenns to be independently and identically distributed according to 
the normal distribution with a zero mean and constant variance. 

30 For further discussion of these tenTIs, see any standard textbook on econometrics such as the one by Stock 
and Watson mentioned earlier, Jeffrey M. Wooldridge, Introductory Econometrics: A Modem Approach, South
Western College Publishing, 2003; Jack Johnston and John NiNardo, Econometric Methods, Fourth Edition, 
The Mc-Graw Hill Companies, 1997; or William H. Greene, Econometric Analysis, Fifth Edition, Prentice Hall, 
2003. 

31 The t-statistic is obtained by dividing the mean estimate of a parameter (regression coefficient) by its 
standard error. A value of 1.96 for this statistic indicates that the parameter estimate is statistically 
significantly different from zero at a 95% confidence level, 

32 For example, the TSCS PROC in SAS could be used if the panel dataset was balanced. 

33 A more detailed discussion of these empirical issues and their resolution is contained in Appendix 11. 
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for critical event days and one for normal weekdays during the treatment period. That is, 
there would be three observations for each customer, each one haviQg a different price. A 
variation of this approach that introduces some additional longitudinal variation in weather 
would be to divide the day-type observations into days that vary in terms of weather (e.g., 
hot days and cool days). An approach similar to this was used to produce the results 
presented in the Summer 2003 report. 

After estimating models based on the averaging approach described above, a close 
examination of the model residuals showed that not all of the residual correlations had 
been eliminated and there was still some downward bias in the coefficient standard errors. 
An alternative approach to addressing the autocorrelation problem involves transforming 
the daily observations using a procedure known as "first differencing." This is a common 
technique for dealing with serial correlation in which the previous day's observation is 
subtracted from the current day's observation for each of the variables in the regression 
equation. Compared with the averaging approach, first differencing allows for more 
precise estimates of both weather and price effects, since averaging suppresses the daily 
variation in weather and also suppresses some of the variation in prices over the course 
of the experiment as various (mostly minor) rate changes were rolled out by each utility. 
In addition, daily data makes it possible to determine the persistence of demand response 
over a multi-day critical event. First differencing eliminates the fixed effects and reduces 
the degree of serial correlation. The estimates that were derived using differenced data 
were similar to those using averages and fixed effects. The degree of "over-differencing" 
seems to be small because the implied first order serial correlation (from the Durbin 
Watson statistic) is typically modest. 

As seen in subsequent sections, the estimated standard errors and computed standard 
errors for elasticities and impacts using first differences are quite small compared to the 
magnitudes of the estimated effects. Given the small amount of apparent over
differencing, it is implausible that there could be any pattern of serial correlation in the 
errors and in the regressors that would alter the statistical significance or substantially 
alter the confidence intervals derived from the differenced data. In other words, we don't 
expect that any decisions about whether or not to deploy advanced metering infrastructure 
(AMI) would be changed, even if some alternative approach were taken to dealing with 
any remaining serial correlation in the SPP sample. 

One final empirical issue that was addressed concerned the joint estimation of the two 
equations in the CES demand system. The two equations must be estimated jointly, 
using a technique known as seemingly unrelated regressions (SUR), in order to obtain the 
most efficient parameter estimates and to account for the statistical correlations between 
the daily equation and the substitution equation" 

" For an explanation of SUR, see Arnold Zellner, "An Efficient Method of Estimating Seemingly Unrelated 
Regressions and Tests for Aggregation Bias," Journal of the American Statistical Association, 57,1962,348-
68. 
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3.2 ESTIMATION DATABASE 

In order to estimate the models described in the previous section, four types of data were 
needed: 

• Customer-specific load data 

• Weather 

• Customer characteristics 

• Electricity prices 

Each data category is briefly discussed below. 

3.2.1 Customer loads 
The primary load data for each customer consisted of 96 values for each day representing 
integrated demand at 15-minute intervals. For model estimation, the interval data were 
aggregated by rate period. Off-peak period energy consumption for all weekdays covered 
the time period from midnight until 2 pm and from 7 pm until midnight. Peak-period 
energy use on all weekdays covered the period from 2 pm to 7 pm for CPP-F customers. 
For CPP-V customers, the length of a critical event was either the entire five-hour period 
from 2 pm to 7 pm or a two-hour period that occurred sometime between 2 pm and 7 pm. 
If only two hours in length, the time corresponding to the critical period varied from day to 
day. When the peak period was less than five hours, a CPP-V customer would actually 
have three rate periods for that day: (1) the two-hour period that was priced at the critical 
peak rate; (2) the remaining three hours within the eligible peak period that was priced at 
the normal peak rate; and (3) the remaining hours in the day that were priced at the off
peak rate. 

3.2.2 Customer Characteristics 
Information on household characteristics was gathered through a mail survey conducted 
among all SPP participants, including treatment and control customers.35 This data 
included information on the following variables: 

• Appliance holdings 

• Appliance usage patterns 

• Housing type, age, size and tenure 

• Socio-demographic information (e.g., persons per household, education level, 
language spoken and income) 

• Satisfaction with utility performance 

• Opinions about the environment. 

35 A copy of the residential survey instrument is contained in Appendix 12. In most instances, the survey data 
were recoded for use in the regression analysis. The coding instructions are contained in Appendix 13. 
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In the case of C&I customers, the survey was much shorter than for residential 
customers. 36 In brief, the C&I survey gathered the following types of information: 

• Size of structure (in square feet) 
• Percent of structure that is air conditioned 
• Tenure (e.g., own or lease) 
• Whether the bill is paid directly or as part of the rent 
• Hours of operation 
• Thermostat setting 
• The presence of an energy management system 
• Number of employees 
• Type of business. 

Given the importance of the survey information to the demand analysis, every effort was 
made to maximize the survey response rate. Multiple mailings and telephone follow-up 
calls were made and respondents were paid $25 for completing the survey. Toward the 
end of the data collection process, in some cases, site visits were made to collect 
information on non-respondents. 

The overall survey response rate was 90 percent. In general, treatment customers 
responded at a higher rate than control customers. The response rates for the CPP-F, 
TOU and Information Only treatment groups were 96, 95 and 96 percent, respectively, 
whereas the average response rate for the corresponding control group was 84 percent. 
The response rate for the CPP-V control groups was also 84 percent while the CPP-V 
treatment group response rate was near 100 percent. 

3.2.3 Weather 
Each utility assigned a specific weather station to the control and treatment customers in 
its service area, based on proximity to the customer's location. This yielded a total of 58 
weather stations across the state. Station-specific population values were used to 
calculate climate-zone-specific, weighted average values for the weather variables. 37 

Each utility provided temperature and humidity data for each weather station. PG&E and 
SeE provided average temperature data for each hour of each day, whereas the 
temperature data from SDG&E was the instantaneous reading at the top of each hour. 
Previous work by a PG&E meteorologist showed that there is very little difference 
between average hourly values and peak values within an hour, so the instantaneous 
readings from SDG&E were treated as if they were the same as the average values 
provided by PG&E and SCE. Each utility also provided data on relative humidity but this 
data was not used. 

36 The C&I survey questionnaire is contained in Appendix 14. 

37 When a weather station was included in more than one climate zone, the distribution of control group 
customers in the experiment assigned to that weather station was used to allocate the station population to 
each climate zane. 
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Hourly temperature data were used to calculate cooling and heating degree hours by time 
period. The number of cooling degree hours in an hour equals the difference between a 
base value, say 72 degrees, and the average temperature in the hour. For example, if the 
average hourly temperature equals 80 degrees, the number of cooling degree hours in 
that hour would equal 8. The number of cooling degree hours over a period of time, say 
the peak period, equals the sum of the hourly values for that period. Thus, if the hourly 
temperature values during the 2 pm to 7 pm peak period in a day equaled 80, 82, 84, 82 
and 78 degrees, the number of cooling degree hours to base 72 in that period would equal 
46. A base of 72 degrees was used in the analysis after testing degree hour values to a 
variety of bases including 68, 70, 72, 74 and 76 degrees. There was very little difference 
in the results regardless of which base value was used. 

Weather variables for the winter analysis were based on heating degree hours (HDH). 
HDH equals the difference between a base value and the average temperature in an hour. 
For example, if the base value is 65 degrees and the temperature in an hour equals 60, 
there would be 5 heating degree hours in that hour. Various heating degree hour bases 
were tested and the results varied little. A base of 65 degrees was used for the winter 
analysis. 

Tables 3-1 and 3-2 contain population-weighted estimates of cooling and heating degree 
hours for selected time periods and seasons for the state as a whole. We have also 
provided estimates of average temperature for the same periods as a reference, although 
average temperature was not used in any of the regression models. 36 As seen in Table 3-
1 , there are nearly twice as many cooling degree hours in each rate period in the inner 
summer months than in the outer summer months. A similar pattern is seen in Table 3-2 
for the difference in heating degree hours between the inner and outer winter periods. 
Differences in average temperature and degree hours across the two summers are small. 

79.4 68.6 70.8 

5.1 1.1 1.9 74.4 64.4 66.5 

38 As described above, cooling degree hours per hour for any period are estimated by subtracting 72 from the 
temperature in each hour and then summing those values over the number of hours in the period and dividing 
by the number of hours in the period. If the temperature in a particular hOUf is less than 72, a value of 0 is 
counted for that hour. As a result, the number of cooling degree hours over a period of time will not equal 
average temperature in the same period minus 72, unless all hours have non-zero values. 
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Season 

7.7 13.8 12.5 57.8 51.3 52.6 

2.8 8.2 7.1 66.6 57.9 59.7 

3.2.4 Electricity Prices 
Given the complexity of electricity tariffs in California, a key issue in the estimation of 
demand models is how best to represent the price of electricity. There is an extensive 
literature on this subject dating back to the mid-1970s, and it shows that many different 
price terms have been used, including current and lagged marginal price with and without 
infra-marginal price terms, price indices, current and lagged average price and total bills. 39 

Several alternatives, discussed in Appendix 15, were considered for estimating price. The 
method used was based conceptually on the prices that were communicated to customers 
in the Welcome Package they received after enrolling in the SPP. Prices using this 
approach vary by rate type (e.g., CPP-F), rate level (high or low) and utility. These prices 
appear on Chart 11 of the Welcome Package and generally correspond to the average 
price faced by the average customer at the outset of the pilot. For example, for the CPP-F 
rate in the SDG&E territory, the average price under the standard tariff was stated to be 
15.5 cents/kWh. The SPP treatment rate was stated to be 10.8 cents/kWh off-peak for 85 
percent of the hours in the year, 27.6 cents/kWh on-peak for 14 percent of the hours of 
the year and 76.8 cents/kWh super peak for 1 percent of the hours of the year. The chart 
also indicated the specific times for the peak and off-peak periods. 

For estimation purposes, prices for all customers were set equal to the average price for a 
customer with consumption at the midpoint of tier 3. This approach allowed prices to vary 
with general rate adjustments for each utility over the treatment period. The prices also 
reflected whether or not a customer received the CARE discount. With this approach, 
prices primarily reflected the experimental design and did not vary with customer usage, 
making them excellent instruments for the demand models. 

Reasonable results were obtained using the average price for a customer at the midpoint 
of tier 3. To test the sensitivity of the results to the choice of tiers, initial models were also 

39 The "infra-marginal price" is the amount paid by customers on a multi-part tariff for the electricity used up to 
the marginal block in which they are consuming. In the simplest case of a two-part tariff with a fixed and 
variable component, the infra-marginal price would equal the monthly fee. However, if the tariff has two tiers 
in addition to a fixed monthly charge, and the consumers usage placed him or her in the second tier, the infra
marginal price would equal the fixed charge plus the marginal price of first-tier usage times the length of the 
tier. 

CHARLES RIVER ASSOCIATES 42 



3. Methodology 

estimated using the average price for customers at the midpoints of tier 1 and tier 2. The 
results were quite robust across the three price sets. This is not surprising since the TOU 
and CPP rates implicitly impose a constant surcharge on the underlying rates during the 
peak and critical peak period and give a credit during the off-peak period. The amount of 
the surcharge and credit does not vary by tier. Since customers are spread across all five 
tiers, and since the average customer in all three utilities has usage that typically ends in 
tier 3, a decision was made to use the average price for a tier -3 customer. 

Finally, demand models were estimated using both average and marginal prices. The 
difference in demand elasticities across these two price definitions was only 2 percent. A 
decision was made to use average prices because they correspond more closely to the 
prices in the Welcome Package. They also are conceptually the same as the prices that 
customers see in the supplementary billing sheet they receive each month. 
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This section summarizes the analysis associated with the residential CPP-F tariff. Recall 
from previous sections that the CPP-F tariff consisted of a two-period, TOU rate that 
applied on every non-holiday, weekday of the year. On normal weekdays, the peak-to-off
peak price ratio was relatively modest, but on up to 15 critical days a year, much higher 
peak-period prices were in effect. Customers were notified the day before a critical day 
that prices would be higher during the entire peak period on the following day. The 
weekend price equaled the weekday, off-peak price. 

Table 4-1 contains average prices for the summer and winter periods for the CPP-F tariff. 
The average control group price was $0.13/kWh. On CPP days, the average peak-period 
price equaled $0.59/kWh and the off-peak price equaled $0.09/kWh, for an average price 
ratio of 6.6 to 1. High price-ratio customers faced a peak-period price of roughly 
$0.68/kWh on critical days and an off-peak price of $0.07/kWh, for a price ratio of nearly 
10 to 1. Low price-ratio customers had a peak price of $0.50/kWh and an off-peak price 
of $0.11/kWh, for a price ratio of 4.5 to 1. The average price ratio on normal weekdays 
was 2.4 to 1, with a 3 to 1 ratio for the high-ratio customers and roughly a 2 to 1 ratio for 
low-ratio customers. 

Summer 
(03104) . Treatment 

A variety of important policy issues are addressed in this section. Section 4.1 presents 
estimates of the elasticity of substitution and daily price elasticities associated with the 
CPP-F rate. It also presents estimates of the impact of these rates on energy demand in 
each rate period. The important issue of whether impacts were similar or different during 
the two summers over which the SPP ran is examined. Since treatment-period data were 
only available for the months of July through October in 2003 and May through September 
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in 2004,40 a comparison across years is, arguably, only meaningful for the common 
months of July through September. Thus, in order to address the question of change over 
time, we also had to examine whether responsiveness differed across the months of July 
through September (designated as the "inner summer") and the months of May, June and 
October (designated as the "outer summer"). 

Section 4.2 examines the persistence of impacts across the first, second and third days of 
a multi-day critical event. This is an important question for estimating the benefits 
associated with CPP rates, as the benefits, which consist primarily of avoided capacity 
costs, would be much less if responsiveness declined on the second and/or third day of a 
multi-day event. 

Section 4.3 examines how responsiveness varied with changes in customer 
characteristics, such as appliance holdings, income and average energy use (e.g., high 
versus low users). Section 4.4 presents the elasticities and demand response impacts for 
the winter period while Section 4.5 briefly summarizes the overall change in annual 
energy use resulting from the average CPP-F prices used in the experiment. 

Section, 4.6, examines the Information Only treatment. Recall from Section 2 that this 
treatment left participants on a standard, non-time varying rate, but asked them to 
voluntarily curtail energy use during the peak period on critical days. This treatment was 
included as a cross-check on the CPP-F tariff impacts to ensure that it is the time-varying 
price that primarily drives behavioral response on critical days, not some altruistic desire 
to reduce demand when asked. 

Finally, Section 4.7 provides a brief overview of the experimental design for the Track B 
treatment. The Track B analysis is summarized in detail in a separate report. 

4.1 IMPACT ANALYSIS 

This section presents estimates of the elasticity of substitution, the daily price elasticity 
and average impacts by rate period for the CPP-F tariff.41 We first examine whether 
impacts are the same or different across the two summers, 2003 and 2004. While some 
relatively minor differences are found, we conclude that the most important variables (the 
critical day impacts and the elasticity of substitution) do not differ. Consequently, we pool 
the data and examine whether responsiveness differs significantly across the hotter, inner 
summer months of July through September and the milder shoulder months of May, June 

40 Although the experimental rate was also in effect in October 2004, data for October was not available in 
time to include in this analysis. 

41 The regression models underlying all of the elasticity and impact estimates discussed in this section as well 
as Sections 5 and 6 are contained in Appendix 16. As discussed in Section 3, the elasticity and impact 
estimates presented here are, in many instanCes, a function of the saturation of central air conditioning. The 
air conditioning saturations by climate zone and statewide that underlie the values presented in this report are 
as follows: zone 1, 7 percent; zone 2, 29 percent; zone 3, 69 percent; zone 4, 73 percent; statewide, 43 
percent. 
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and October. Significant differences are found. Nevertheless, we also understand the 
need for simplicity and see the potential value of having an all-summer average rather 
than distinguishing between the inner and outer periods. The all-summer estimates are 
provided in subsection 4.1.3. The final subsection provides graphical illustrations of 
demand curves for energy by rate period. 

As discussed previously, the impact estimates contained in the rest of this report were 
derived by using the two demand equations in the CES demand system described in 
Section 3.1. The specific formulas used to predict the change in energy use by rate 
period given a change in prices are relatively complex (see Appendix 8). Conceptually, 
the impacts are derived in the following manner. First, the elasticity of substitution and the 
daily price elasticity are calculated based on the population-specific values for weather 
and central air conditioning saturations.'2 The elasticity of substitution is used to predict 
the change in the ratio of peak-to·off-peak energy use given a change in the ratio of peak
to-off-peak prices. The daily price elasticity is used to predict the change in daily energy 
use given a change in daily average price. The two predicted values are combined to 
produce a change in energy use by rate period. 

4.1.1 Comparison Of 2003 and 2004 Impacts 
There are two approaches to examining differences in elasticities and impacts across the 
summers of 2003 and 2004. 

One approach is to examine whether or not price response has changed for customers 
that participated in the experiment for both summers (designated as "common 
customers"). This approach addresses the question of whether demand response for the 
same group of customers increases (as they learn better how to respond to price signals), 
decreases (as the initial enthusiasm fades) or stays the same (reflecting a quick learning 
curve that doesn't degrade over time). 

A second approach to examining the difference across years is to develop elasticities and 
impacts for each summer based on the entire sample of customers that participated in 
each summer, rather than constraining the sample to customers that are common to both 
years. For the CPP-F rate, approximately 57 control customers and 55 treatment 
customers were added to the sample after October 31, 2003 as either replacement or new 
participants. 

Both approaches involved the use of a pooled database containing information on energy 
use during the treatment period for all relevant summer months from both years." As 
discussed previously, the summer 2003 treatment period included the months of July 
through October whereas the summer 2004 treatment period covered the months of May 
through September. Given that responsiveness might vary between the milder months of 
May, June and October, we introduced a binary variable for the outer summer months of 

42 Not every demand model included these variables as interaction terms with price, but most did. As seen in 
Section 4.3, sometimes variables representing other customer characteristics were also included in the 
models and-would be treated in this first step in a manner similar to the CAG saturation variable. 

43 The database also contained pretreatment data for all customers, whenever it occurs. 
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October 2003 and May and June 2004. We then compared the annual differences for the 
common, inner summer months of July, August and September. 

A binary variable was used to represent the summer of 2004 and was interacted with all 
price and weather variables to assess whether or not price responsiveness varied across 
the two summers. If there were just a single price/year interaction term, the t-statistic for 
the interaction term could be used directly to assess whether or not the elasticity of 
substitution or daily price elasticity differed across years. However, there are three terms 
that underlie the elasticity estimates (e.g., price, price times weather and price times a 
variable representing central air conditioning ownership). Thus, standard errors had to be 
developed for the elasticity of substitution and for the 2004 differential that takes into 
account the standard errors of each price coefficient as well as the covariance across the 
coefficients in each equation and across the two equations in the demand system4

' A 
detailed description of the calculation of standard errors is provided in Appendix 10. 

Table 4-2 contains estimates for the two elasticities for 2003 and 2004 based on a 
database that is restricted to customers that were in the experiment in both summers.45 
These values are based on average critical-day weather across the two years. The 
elasticity of substitution in 2003 from the pooled model is -0.090, with a t-statistic of 
_20.86 46 Table 4-2 also shows the differential value for each elasticity between the two 
years. The difference in the elasticity of substitution is 0.004 and, with a t-statistic of 0.64, 
is not statistically significant.47 

44 It should be noted that the standard errors of the elasticities and the impacts vary with the mean values of 
the weather and air conditioning saturations that underlie them. Furthemnore, we note that, when estimating 
the standard errors, we have taken into account the fact that neither the impacts nor the elasticities are 
nomnally distributed - they are at best approximately-by using the "delta method" for estimating standard 
errors, which can be applied to all the complex functions underlying the elasticities and impacts 
simultaneously. It is standard usage in statistics and provides a useful guide to the magnitudes of uncertainty. 

45 The 2003 values reported here differ from those reported in the Summer 2003 report primarily because 
these represent the inner summer months whereas the Summer 2003 values reported previously included the 
month of October in the estimating database. 

46 The values for the elasticity of substitution and the daily price elasticity reported in the remainder of this 
document are negative. When two values are compared, the value that is larger in absolute terms is referred 
to as "larger" because it means pride responsiveness is greater. In other words, a value of -0.2 is referred to 
as larger than -0.1 even though mathematically it is smaller (e.g., more negative). 

47 All statistical test results are reported at the 5 percent level of Significance. A t-statistic greater than 1.96 
indicates statistical Significance at the 95 percent confidence level. 
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The daily price elasticity in 2003 equaled -0.035, with a t-statistic of -7.18. The annual 
differential value equaled -0.019 and had a t-statistic equal to -2.42, indicating that the 
2003 and 2004 values differed by a statistically significant amount The 2004 daily price 
elasticity was -0.054, with a t-statistic of -8.41. 

Statewide impacts on peak, off-peak and daily energy use on critical days are presented 
in Table 4-3. Two impact measures are shown, one labeled the "average customer 
approach" and one labeled the "zonal weighted average approach." The average 
customer approach involves using input values for the impact evaluation model (e.g., 
weather, air conditioning saturations and starting energy use values by rate period) 
representing the average customer across all climate zones. The zonal weighted average 
approach uses input values pertinent to each climate zone and then computes a 
population-weighted average of the absolute impacts developed for each zone. The zonal 
average approach is more accurate, but computing standard errors and t-statistics for the 
overall average impact estimate using this approach is very complex. However, we 
believe the standard error based on the average customer approach is a good proxy for 
the standard error for the zonal weighted average approach. Therefore, we recommend 
that the average customer standard error be used to develop confidence bands around 
impact estimates based on the "bottoms-up," zonal average impact 

CHARLES RIVER ASSOCIATES 48 



4. Residential CPP-F and Information Only Treatments 

.Rate 
Period 

Residential 

The average customer impact on peak-period energy use on critical days in 200348 is 
-13.30 percent, with a standard error of 0.62 percent. The corresponding zonal average 
impact in 2003 is -14.62 percent. The average customer impact in 2004 is -13.81 
percent, with a standard error of 0.77 percent, and the corresponding zonal average 
impact is -15.09 percent. The 2003 and 2004 critical day impacts are not statistically 
different from each other, since the differential of -0.61 percent has a large standard error 
of 1.08 percent and a t-statistic of -0.57. 

In 2003, the average customer impact for off-peak energy use on critical days is +2.61 
percent, with a standard error of 0.34 percent. The change in this impact between the two 
years is -1.41 percent, with a standard error of 0.54 percent. This has an implied t
statistic of -2.60, indicating that the change is statistically significant at the 95 percent 
confidence level. Thus, the increase in off-peak energy use on critical days was less in 
2004 than it was in 2003. 

48 As discussed above, reference to a 2003 or 2004 value expresses a focus on the behavioral activity in each 
year and whether that differs. As such, the values are calculated based on average weather and starting 
values across the two years. Thus, when we say "2003 impact" we mean 2003 behavior based on cross-year 
averages weather values. 
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The impact on daily energy use on critical days in 2003 was -2.09 percent, with a 
standard error of 0.29 percent and a t-statistic equal to -7.25, showing that daily price was 
highly significant. The change in the daily energy use impact on critical days between the 
two years was -1.17 percent with a standard error of 0.48 percent and an implied t
statistic of -2.44. That is, daily price responsiveness increased between 2003 and 2004 
by a statistically significant amount. 

In summary, when the comparison is based on the same group of customers and average 
weather and starting values, the reduction in peak-period energy use on critical days 
resulting from the CPP-F rate is essentially the same during the inner summers of 2003 
and 2004. The increase in off-peak energy use (resulting from the lower off-peak prices) 
is actually less by a statistically significant amount in 2004 than it is in 2003. The 
reduction in daily energy use on critical days is greater by a statistically significant amount 
in 2004 than in 2003. 

Table 4-4 contains estimates of the elasticities based on the database that includes all 
customers who were in the experiment in each summer, not just the common customers. 
The elasticity of substitution in 2003 is -0.086, with a t-statistic of -20.51. The 2004 value 
is not statistically different from the 2003 value. The daily price elasticity is -0.032 in 
2003, with a t-statistic of --6.80. The 2003 value is statistically different from the 2004 
value of -0.054. In general, these results are very similar to those based on the common 
customer database. 

Table 4-5 contains the impact estimates for each year based on all customers who 
participated in each summer using common starting values and average weather for both 
years. The average customer impact on peak-period energy use on critical days in 2003 
is -12.71 percent, with a standard error of 0.61 percent. The corresponding all zone 
impact in 2003 is -14.00 percent. The impact in 2004 is -13.93 percent, with a standard 
error of 0.75 percent, based on the average customer approach, and the all-zone value is 
-15.19 percent. The two impacts do not differ from each other by a statistically significant 
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amount, since the differential of -1.32 percent has a large standard error of 1.06 percent, 
and an implied t-statistic of -1.39. 

In 2003, the average customer impact for off-peak energy use on critical days is +2.57 
percent, with a standard error of 0.33 percent. The change in this impact between the two 
years is -1.29 percent, with a standard error of 0.53 percent. This has an implied t
statistic of -2.43, indicating that the change between the years is statistically significant. 

The impact on daily energy use on critical days in 2003 is -1.95 percent, with a standard 
error of 0.28 percent. The change in the daily use impact between the two years is -1.32 
percent with a standard error of 0.47 percent and an implied t-statistic of -2.79. Thus, 
while the peak period impact for the CPP-F rate in the inner summer is statistically 
indistinguishable between the years 2003 and 2004, the impacts during the off-peak 
period and on daily energy use are statistically different. 

In summary, whether based on common customers or all customers, the change in peak
period energy use on critical days was constant across the two summers. 
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4.1.2 Intra-summer Differences 
We next examine whether impacts differed between the relatively hot inner summer 
months of July, August and September and the relatively mild outer summer months of 
May, June and October. A priori, we would expect less price responsiveness during the 
outer summer than during the inner summer because impacts are driven in large measure 
by the presence of air conditioning, and there is less air conditioning use in the outer 
summer compared with the inner summer. In light of the general conclusion in the 
previous section, showing only small differences between the two years, for this 
investigation, we constrained the inner and outer summer values to be the same across 
the two years. 

The model specification used to test for intra-summer differences allows for differences to 
exist in the daily price elasticity between weekdays and weekends. Since there is only 
one price on weekends, it is not possible to estimate a weekend substitution elasticity. 
However, we do allow for a distinct weekend intercept term in the substitution equation, 
which allows the load shape to differ between weekends and weekdays. 

The elasticities of substitution and daily price elasticities for the inner and outer summers 
for the four climate zones for each day-type are shown in Tables 4-6 and 4-7. Associated 
standard errors and t-statistics are shown as well. Average weather conditions across the 
years 2003 and 2004 are used to calculate the mean estimates and standard errors. The 
weather values are specific to each day type and climate zone within each of the two 
summer seasons. 
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Zone OayType Elasticity Type· 

4-6 
Elasticity Estimates 

-0.043 

-0.039 

-0.039 

-0.040 

-0.016 

-0.068 

-0.041 

-0.065 

-0.042 

-0.020 

-0.116 

-0.042 

-0.111 

-0.045 

-0.029 

-0.127 

-0.033 

-0.122 

-0.038 

-0.022 

-0.086 

-0.040 

-0.081 

-0.042 

-0.023 

0.004 

0.005 

0.005 

0.005 

0.007 

0.003 

0.004 

0.004 

0.004 

0.006 

0.004 

0.004 

0.004 

0.004 

0.005 

0.005 

0.008 

0.004 

0.006 

0.009 

0.003 

0.004 

0.003 

0.004 

0.005 

-10.44 

-7.81 

-8.60 

-7.55 

-2.42 

-20.08 

-9.78 

-17.47 

-9.39 

-3.66 

-29.49 

-10.18 

-30.06 

-10.76 

-5.28 

-26.48 

-4.17 

-29.12 

-6.62 

-2.45 

-26.05 

-10.54 

-23.97 

-10.62 

-4.37 

In the inner summer, on critical days, the all-zone substitution elasticity is -0.086, with a t
statistic of -26.05. The elasticity of substitution varies across the four climate zones by 
+/- 50 percent relative to the statewide value, with the lowest value (in absolute terms) of 

CHARLES RIVER ASSOCIATES 53 



4. Residential CPP-F and Information Only Treatments 

-0.043 occurring in the coolest zone 1 and the highest value of -0.127 occurring in the 
hottest zone 4. All estimates are statistically significant at the 95 percent confidence level. 

Zone 
t- statistic 

'Critical 
-0.027 0.007 -3.75 

-0.045 0.006 -7.59 

1 -0.026 0.007 -3.59 

-0.045 0.006 -7.55 

-0.007 0.009 -0.81 

-0.034 0.006 -5.71 

-0.047 0.005 -8.75 

-0.032 . 0.006 -5.07 

-0.048 0.005 -9.17 

-0.012 0.008 -1.46 

-0.045 0.007 -6.85 

-0.052 0.008 -6.95 

-0.043 0.006 -6.74 

-0.054 0.006 -8.71 

-0.020 0.008 -2.44 

-0.051 0.009 -5.75 

-0.050 0.011 -4.56 

-0.049 0.008 -6.37 

-0.049 0.012 -4.16 

-0.015 0.012 -1.31 

-0.038 0.006 -6.55 

-0.049 0.006 -8.19 

-0.036 0.006 -6.17 

-0.050 0.005 -9.14 

-0.014 0.008 -1.80 

Comparing the values in Tables 4-6 and 4-7, it is evident that the elasticities are smaller in 
the outer summer than in the inner summer. In the outer summer, the all-zone elasticity of 
substitution based on critical-day weather is -0.038, with a t-statistic of -Q.55. There is 
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significant variation across climate zones in the elasticity of substttution in the outer 
summer, rising from the coolest zone to the hottest zone. However, the zonal variation is 
not as great in the outer summer, with the ratio of the high to low elasticity of substitution 
equal to 1.9, as it is in the inner summer, where the ratio equals 3.0. This is due to the 
fact that central air conditioning plays a less dominant role in explaining customer price 
responsiveness in the outer summer months, as evidenced by the large, positive 
coefficient on the air conditioning/price/outer-summer interaction term in the demand 
model·9 

The average daily price elasticity on critical days in the inner summer across all-zones is 
-0.042, with a t-statistic of -10.54. There is very little variation in this value across climate 
zones, since the coefficient on the weather/price interaction term in the demand model is 
very small and statistically insignificant and the coefficient on the air conditioning/price 
interaction term is also small (but significant). In the outer summer, the daily price 
elasticity is somewhat larger, with a value of-0.049 and at-statistic of-8.19. 

There is not much variation in the elasticities across critical and normal weekdays since 
the weather/price coefficients are very small. For example, the all zone elasticity of 
substitution is -0.081 on normal weekdays compared to -0.086 on critical days. Weekend 
daily price elasticities are generally much smaller than weekday daily price elasticities. 

The associated impacts for the inner and outer summers are shown in Tables 4-8 and 4-9 
respectively. These values reflect not only differences in the elasticities between the inner 
and outer summer, but also differences in the initial load shapes, or "starting values." The 
columns labeled "starting value" contain data on average energy use in each rate period 
and climate zone for control group customers and are a proxy for what treatment 
customers would use in the absence of the rate treatment. The tables show the impact 
and standard errors expressed in both absolute and percentage terms. 

Table 4-8 shows that the impact on peak-period energy use on critical days in the inner 
summer for all zones is -13.06 percent using the average customer approach, with a 
standard error of 0.48 percent. The impact based on the more accurate zonal average 
approach is -14.37 percent. Thus, a two-standard deviation band representing a 95 
percent level of confidence ranges from -13.51 percent to -15.43 percent. As shown 
earlier with the elasticities, the impacts are smaller in the cooler zones and larger in the 
hotter zones, with the Zone-1 value equal to -12.34 percent and the Zone-4 value equal 
to -23.03 percent. 

"19 The coefficient on the price/air conditioning saturation interaction term in the inner summer equals -0.09 
with a I-statistic equal to -4.28. The coefficient on the price/air conditioning/outer- summer interaction term 
equals +0.07, with a t-statistic equal to 6.49, indicating that the differential on the price/air-conditioning term is 
highly significant and lowers the magnitude of the elasticity. That is, the influence of air conditioning on the 
elasticity of substitution is significantly less in the outer summer than in the inner summer. 
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On critical days, for all zones, off-peak energy use rises by 2.71 percent, with a standard 
error of 0.26 percent. Finally, on critical days, daily energy use across all zones falls by 
-2.34 percent, with a standard error of 0.23 percent. 

Impacts are appreciably smaller on normal weekdays, primarily reflecting the lower peak 
prices on these days. The all-zone average impact during the peak period is -5.50 
percent, with a standard error of 0.21 percent. Weekend use rises by 0.88 percent, with a 
standard error of 0.19 percent. 

Table 4-9 shows the impacts for the outer summer period. The impacts are lower in the 
outer summer compared with the inner summer, reflecting the same pattern that was seen 
for the elasticity estimates. The drop in peak-period energy use on critical days for all 
zones is 7.81 percent using the average customer approach, with a standard error of 0.87 
percent. The impact using the zonal approach is -8.08 percent. Off-peak energy use on 
critical days also shows a decline during the outer summer equal to 0.76 percent, with a 
standard error of 0.39 percent. Finally, daily energy use on critical days falls by 2.65 
percent, with a standard error of 0.32 percent. 

As in the inner summer, impacts are appreciably smaller on normal weekdays than on 
criticaldays, primarily reflecting the lower peak prices on these days. The all-zone impact 
during peak periods equals -2.65 percent, with a standard error of 0.38 percent. 
Weekend energy use rises by 0.54 percent, with a standard error of 0.28 percent. 
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Climate 10." T,JriA 
Zone ."p".lnil 

1 .. 
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4.1.3 All Summer Estimates 
From a policy perspective, it may be useful to have an estimate of elasticities and impacts 
for the entire summer period rather than separate estimates for the inner and outer 
summer periods. These "all summer" estimates are contained in Tables 4-10 and 4-11. 
These estimates are based on regressions run using data from the months of July
October 2003 and May-September 2004. The weather underlying the elasticity estimates 
represents the average conditions for these months. 

Zone 

-0.039 -10.60 

-0.041 0.005 -8.32 

-0.034 0.004 -8.54 

-0.043 0.005 -8.10 

-0.014 0.006 -2.48 

-0.061 .003 

-0.042 0.004 -10.39 
2 

-0.055 0.003 -16.48 

-0.044 0.004 -9.90 

-0.018 0.005 -3.87 

0.004 -11.33 

-0.026 0.005 -5.68 

-0.113 0.004 -26.24 

0.003 -25.73 

0.004 -11.29 

-22.58 

-11.14 

-4.66 
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