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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 
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-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 .. 

CHARLES RIVER ASSOCIATES 58 



4. Residential CPP-F and Information Only Treatments 

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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A comparison of the values in Tables 4-10 and 4-11 with those in Tables 4-6 through 4-9 
reveals that, while the all summer values are in between the values for the inner and outer 
summer periods, they are closer to the inner summer values. This is because much of the 
CPP price variation is concentrated during the inner summer months. Thus, the all
summer elasticity of substitution on critical days, equal to -0.076, is much closer to the 
inner summer value of -0.086 than to the outer summer value of _0.038 50

•
51 

Table 4-11 contains the all-summer impact estimates. Statewide, the average, peak
period reduction on critical days is 13.06 percent, which compares with a drop of 14.37 
percent during the inner summer and a drop of 8.08 percent in the outer summer. 

The variation across zones ranges from a low of -7.61 percent in climate zone 1 to a high 
of -15.83 percent in climate zone 4. The average-summer increase in off-peak energy 
use on critical days is 2.04 percent, and daily energy use on critical days falls by 2.37 
percent. On normal weekdays, peak-period energy use falls by 4.71 percent statewide, 
with a low of -2.23 percent in climate zone 1 and a high impact of -6.47 percent in climate 
zone 4. The statewide average change in weekend energy use equals -0.79 percent. 

50 It should be noted that there were only two critical days in the outer summer, which occurred in October 
2003. These days were relatively cool compared with the critical days that occurred in July, August and 
September. 

51 We also note that the all-summer value of -0.076 is identical to the summer 2003 value of -0.076 contained 
in Table 5-1 of the Summer 2003 report. The all-summer elasticity of substitution on non-CPP days, -0.069, is 
also nearly identical to the previous estimate of -0.067 reported in the Summer 2003 report. The daily price 
elasticities contained in Table 4·10 are roughly twice as large as the daily elasticities estimated previously 
(reported in Table 5-1 of the Summer 2003 report), while the daily elasticity on the weekend is significantly 
less than the previous value. We believe the new estimates are more accurate as they are based on daily 
data, whereas the previous estimates relied on data averaged across all the days within a particular day-type, 
which masked much of the daily variation in energy use. 
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Climate 
Zone 

. 1 

. Critical 
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4.1.4 Demand Curves 
The relationship between price and energy use by rate period underlying the impact 
estimates presented in this report can be displayed graphically in what are called demand 
curves. The demand curve depicted in Figure 4-1 shows how energy use in the peak 
period varies with peak-period price, other things equal. The curve shows the combined 
impact of the elasticity of substitution and the daily price elasticity of demand. II should be 
noted that a number of factors are held constant along the curve. If any of these factors 
change, such as weather, the saturation of air conditioning or off-peak prices, the curve 
will shift to the left or right, depending upon the nature of the change in the underlying 
factors. 

Figure 4-1 
Peak Period Demand Curve, Statewide Average 
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The demand curve shows that at a price of 13 cents/kWh, which is the approximate price 
facing the control group and the price that treatment customers faced in the pre-treatment 
period, peak-period electricity use is 1.22 kWh/hour. At a price of 22 cents/kWh, 
corresponding to the average peak-period price on normal weekdays, demand falls to 
1.18 kWh/hr. 

One way of summarizing price responsiveness when price changes are large is the arc 
elasticity. Arc elasticity equals the percentage change in energy use relative to the 
average of the new and old values for both quantity and price, as depicted in the following 
equation: 
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In the example in Figure 4-1, a rise in the price from $0.13/kWh to $0.22/kWh (or 51.43 
percent using the averaging approach in the formula) produces a drop in electricity use of 
3.33 percent (from 1.22 kWh/hr to 1.18 kWh/hr), yielding an implicit arc own-price 
elasticity of demand of -0.065 (= -3.33%/+51.43%). When the price increases to 58 
cents/kWh, corresponding to the average peak-period price on critical days, demand falls 
to 1.08 kWh/hr. Thus, a rise in the price of 126 percent from the initial average value of 
13 cents/kWh produces a drop in electricity use of 12 percent, yielding an implicit arc own
price elasticity of demand of -0.096. 

Figure 4-2 shows the demand curve for off-peak electricity use. The curve shows that a 
reduction in the price of off-peak electricity from the control group value of 13 cents/kWh 
to an average off-peak price on critical days of 9 cents/kWh increases hourly energy use 
from 0.78 kWh to 0.80 kWh. That is, a 36 percent decrease in price induces a rise in 
demand of 2 percent, yielding an implicit arc own-price elasticity of off-peak demand of-
0.05, a value slightly higher than that observed for peak-period energy use based on the 
normal weekday peak-period price. 

Figure 4-2 
Off-Peak Period Demand Curve, Statewide Average 
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Figure 4-3 shows the influence of central air-conditioning on the demand curve for peak
period electricity use. The demand curve for customers without central air-conditioning 
has a much steeper slope than the average statewide demand curve, indicating a lower 
degree of price responsiveness. For customers with central air-conditioning, the demand 
curve is flatter, indicating that as the saturation of central air-conditioning increases, price 
responsiveness also increases. 
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Figure 4-3 
Peak Period Demand Curves, Default and CAC Variations, Statewide 
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Figure 4-4 shows the influence of weather on the slope of the demand curve. Hotter 
weather conditions produce a slightly flatter, more price-responsive demand curve, and 
cooler weather conditions produce a slightly steeper, less price-responsive demand curve. 

CHARLES RIVER ASSOCIATES 64 



4. Residential CPP-F and Information Only Treatments 

Figure 4-4 
Peak Period Demand Curves, Default and Weather Variations, Statewide 
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Similar demand curves can be constructed for peak and off-peak energy use in each of 
the four climate zones. The demand curves would be expected to vary across zones, 
because weather conditions and the saturation of central air conditioning vary by zone, 
which causes variation in the elasticity of substitution and in the daily price elasticity. 
Values for these variables and parameters were reported earlier in Tables 4-6, 4-7 and 4-
10. 

Figure 4-5 displays demand curves for each of the four zones, and also repeats the 
statewide demand curve for comparison. The steepest demand curve (showing the least 
amount of price responsiveness, as evidenced by an elasticity of substitution of -0.04 and 
a daily price elasticity of -0.04 on critical days for the average summer) is found in Zone 
1, and the flattest curve is found in zone 4 (showing the highest amount of price 
responsiveness, as evidenced by an elasticity of substitution of -0.11 and a daily price 
elasticity of -0.03). The figure also shows how much the quantity consumed in the peak 
period would change by zone as the price of electricity moves up from 13 cents/kWh to 58 
cents/kWh. The biggest impact is observed in Zone 4 (-13.2 percent), followed by Zone 3 
(-12.9 percent), Zone 2 (-9.03 percent) and Zone 1 (-6.64 percent). The implied arc 
elasticities of demand equal -0.112 in Zone 4, -0.109 in Zone 3, -0.079 in Zone 2 and -
0.054 in Zone 1. 
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Figure 4-5 
CPP Day Peak Period Demand Curves by Climate Zone 
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4.2 PERSISTENCE ACROSS MULTIPLE-DAY CRITICAL EVENTS 

In 2004, several multiple-day, critical events were conducted in order to examine whether 
people respond differently on the second and/or third days of a multi-day critical event. 
This is an important question for estimating the benefits associated with CPP rates, as the 
benefits consist primarily of avoided capacity costs, and avoided capacity would be much 
less if responsiveness declined on the second and/or third day of a multi-day event. 

There were no multi-day critical events in 2003. In 2004, two three-day events and one 
two-day event were called. Thus, of the 12 critical days called during the summer of 
2004, there were a total of seven days that were either stand-alone days or the first day of 
a multi-day event, three days that were the second days of a multi-day event and two 
days that were the third day of a multi-day event. 

To test for differences across the critical day types, binary variables representing each 
day type (e.g., first, second and third days) were developed and used as interaction terms 
with each of the price and weather terms in the basic model speCification. Two 
approaches were used to test for differences across the day types. The first approach 
involved the use of binary variables representing the second and third critical days in a 
multi-day event. This test measures whether the second and third days differ from the 
average responsiveness for single critical days, the first day of a multi-day event, and 
normal weekdays. The test was conducted using a model speCification that allows 
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responses to differ across the two years and between the inner and outer summers, in 
addition to differing across the critical day types. 

The second approach involved the use of binary variables for the first, second and third 
crttical day. This approach measures whether or not the deviations in price 
responsiveness on each critical day type are statistically different from each other. This 
test is based on the chi-squared statistic. 

The results of the first persistence test, using second and third day binary variables, are 
reported in Tables 4-12, 4-13 and 4-14. Table 4-12 contains the elasticity estimates and 
the following two tables contain the impact estimates. Results are reported by climate 
zone and for the state as a whole based on the average customer approach.52 All values 
in the table are based on average weather across the three critical day types and the two 
summers. For example, the 2nd_Day differential is calculated using the average weather 
across all critical days, not the average for only 2nd CPP days. Average weather is used, 
rather than weather for each day type, since our focus is on behavioral change across the 
day types, not developing actual impact estimates for each day type. 

The first two columns in Table 4-12 contain the substitution and daily elasticities for 
summer 2003. Since there were no mult-day events called in 2003, these elasticities 
represent the average responsiveness on normal weekdays and first critical days. 
Columns 3 and 4 in Table 4-12 contain the same elasticities for summer 2004. Columns 5 
through 8 contain estimates of the differentials between the average elasticity for nomnal 
weekdays and first critical days and the elasticities on the second and third critical days of 
2004. 

52 Recall from the previous discussion that the zonal weighted average approach is preferred, and produces 
somewhat higher impacts, but it is difficult to estimate standard errors for the statewide estimate using this 
approach and the standard errors for the average customer approach are good proxies for the zonal average 
approach. 
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The first thing to note is that, consistent with the earlier discussion, the average value for 
the elasticity of substitution for the normal-weekdaylfirst-critical-day type, -0.084, is 
essentially constant across the two years, while the daily price elasticity rises from -0.034 
to -0.055 in 2004. Focusing next on the differentials associated with the second and 
third critical days, we find that only one of the four differentials is statistically significant at 
the average customer level, namely the differential corresponding to the elasticity of 
substitution on the second day, which has a t-statistic of -2.08. This indicates that the 
elasticity of substitution on the second day is larger in absolute terms by a statistically 
significant amount than on normal-weekdays/first-critical days for the average California 
customer. This difference in behavior appears to originate in zones 1 and 2 where the t
statistics on the differentials are both roughly -2.5. The daily price elasticity differential on 
the third critical day is also statistically significant in zones 1 and 2, and suggests a 
dampening of response. However, the average customer daily price elasticity differential 
on the third day, while numerically sizeable at 0.023, is not statistically significant at the 95 
percent confidence level. 

The normal-weekday/first-critical-day impacts are shown in Table 4-13. For the average 
customer, the impact on peak-period energy use on critical days rises from -12.54 
percent to -13.57 percent between 2003 and 2004. The impact differentials for days 2 
and 3, compared to the normal-weekday/first-critical-day value, are shown in Table 4-14. 
For the average customer, peak-period impacts on the second and third critical days of a 
multi-day event are not statistically different from the normal-weekdaylfirst-critical-day 
average. In zones 1 and 2, the impacts are larger on the second day by a statistically 
significant amount. 
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The impact differential for off-peak energy use for the average customer for the second 
critical day-type is positive and statistically significant on the second day, with a value of 
1.49 percent. This impact differential is statistically significant in zones 1, 2 and 3 as well. 
It is also significant on the third day for zone 2. The third day differential is not statistically 
significant at the 95 percent confidence level for the average customer, but it is at the '90 
percent confidence level. 

The impact differentials for daily energy use are not statistically significant for the average 
customer on either the second or third day. However, they are significant in zones 1 and 
2. 

To summarize, based on the first approach, the impact differentials for peak-period energy 
use on critical days are not statistically significant for the average customer statewide on 
either the second or third day of a multi-day event. However they are significant in zones 
1 and 2, and show an increase in impacts on these days compared with the average of 
normal weekdays and first critical days. 

The results of the second persistence test, which includes binary variables representing 
all three critical day-types, are reported in Tables 4-15, 4-16 and 4-17. Table 4-15 
contains base value elasticity estimates and estimates of the differential between the base 
value and the value for the first, second and third days of a multi-day event for the 
average customer. Table 4-16 contains estimates of the differentials by climate zone. To 
make the estimates comparable across the three day-types, the estimates are all based 
the same average weather conditions, which represent the average across all critical days 
during the inner summer months for both years. 
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Measilte 

,,'-.<, -0.069 0.008 -9.13 -0.074 0.011 -6.58 

-0.016 0.007 -2.31 0.D15 0.012 

-0.028 0.008 -3.50 0.021 0.012 

-0.018 0.011 -1.63 0.034 0.015 

As seen in Table 4-15, the base-value substitution elasticity for the average customer is 
-0.069 and the daily price elasticity is -0.074. Both are statistically significant. The 
differential between the base value and the value on the first critical day-type is -0.016 
and is statistically significant with a t-statistic equal to -2.31. The daily elasticity is lower 
by 0.015 but the difference is not statistically different. On the second critical day type, 
the substitution elasticity is larger than the base value by -0.028 and the difference is 
statistically significant. The daily elasticity is smaller by 0.021 but the difference is not 
significantly different at the 95 percent confidence level. Finally, on the third critical day 
type, the substitution elasticity is also greater than the base value, -0.018, but the 
difference is not significantly significant. The daily elasticity is lower by 0.034 and the 
difference is statistically significant. 

1.26 

1.81 

2.28 

The key question, of course, is whether or not the differentials in the CPP elasticities are 
statistically different from each other. This can be determined using the chi-squared test. 
The results are reported at the bottom of Table 4-15. They indicate that the null 
hypotheSiS that the differentials are the same cannot be rejected for either the elasticity of 
substitution or the daily price elasticity at the 5 percent level of significance. 
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Climate ElastIcity Type 
Zone 

1 

Table 4-17 contains estimates of the differential impact for each critical day-type 
compared with the base value. As seen, none of the differentials for peak-period energy 
use on the first critical day-type are statistically significant at either the 90 or 95 percent 
confidence level. Of greater importance is whether the second and third day differentials 
are significant. On a statewide basis, the second day differential is not significant at the 
95 percent confidence level, but it is at the 90 percent confidence level. The differential 
impacts for climate zones 1 and 2 are significant at the 95 percent level. The results 
indicate that responsiveness is actually greater on the second critical day than it would be 
under the same weather and price conditions on a day that was not the second in a multi
day event. Statewide, the incremental impact is -2.35 percent. The incremental impact 
on peak-period energy use on the third critical day is not statistically significant at either 
the statewide level or for any climate zone . 

. In contrast to the peak-period impacts, the differential impacts in off-peak and daily energy 
use are significant in most instances on the second and third days in a multi·day critical 
event. Indeed, off-peak energy use increases by a statistically significant amount 
statewide and in every climate zone on both the second and third critical days of a multi· 
day event, and daily energy use increases by a statistically significant amount in all but 
two climate zones (zones 1 and 2). These results indicate that customers are shifting load 
from the peak to the off-peak period on these days, not merely curtailing load during the 
peak period. 
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4.3 CUSTOMER CHARACTERISTICS 

Understanding how price responsiveness varies with differences in selected customer 
characteristics can be useful from both a policy and marketing perspective. For example, 
if high users are more responsive than low users, different tariffs might be targeted at 
each customer segment in order to maximize demand response and/or minimize 
implementation costs. If swimming pool owners are more responsive than households 
that do not have swimming pools, it may be possible to improve overall demand response 
from a voluntary program by targeting pool owners. 

The impact on price responsiveness of the following variables was examined using the 
CES model specification and interaction terms between the price variable and a variable 
representing each characteristic: 

• Average daily energy use in Summer 2002 (e.g., the summer prior to the start of 
the SPP) 

• Central air conditioning ownership 
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• Housing type (single family versus other) 

• Number of bedrooms in the house 

• Annual income 

• Swimming pool ownership 

• Spa ownership 

• Electric cooking ownership 

• Whether or not the head of household is a college graduate 

• Persons per household 

• Whether or not a customer receives the CARE discount. 

A statistically significant coefficient on the interaction term for each variable indicates that 
price response varies between customers who either own or don't own a particular end 
use represented by the variable or between customers that have different values for a 
particular continuous variable (e.g., households with two or four bedrooms or high income 
and low income households). On the other hand, and importantly, a statistically 
insignificant coefficient does not necessarily mean that the characteristic of interest does 
not influence price response. It may simply mean that there is insufficient variation in the 
presence or absence of that particular characteristic in the experimental sample to 
precisely determine causality. Ensuring that there is sufficient variation in the sample to 
precisely measure the impact of all variables of interest would have required a much 
larger sample and a much more expensive experiment than the SPP. In order to 
maximize the variation in each characteristic in the existing sample, the analysis was done 
using data pooled across climate zones, as there is often more variation in certain 
characteristics across zones (e.g., air conditioning ownership, pool ownership, etc.) than 
there is within a specific climate zone. 

The influence of each customer characteristic was examined individually. That is, we did 
not estimate a model that included all of the variables at once. Since many of these 
variables are correlated, including all of the variables in a single regression would make it 
difficult to isolate the specific impact of each variable. On the other hand, examining them 
one at a time means that the impact of each variable may be overstated in terms of the 
influence of that particular factor, as the variable is actually a proxy not only for the factor 
it represents but also for other factors with which it is correlated. This may be irrelevant 
from a policy perspective, however. Indeed, the combined impact may be exactly what is 
needed, since few policies are likely to vary across all of the many market segments that 
might be partially represented by each individual variable. For example, the coefficient on 
the high user variable may represent the combined impact of higher income, more air 
conditioning ownership, more pool ownership and perhaps other factors. But since 
policies are more likely to be targeted at all high users than to high users who do and 
don't have an air conditioner or who do and don't have a swimming pool, knowing how 
impacts vary across these SUb-segments of high users is largely irrelevant. 
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Of the eleven characteristics examined, only pool ownership was statistically insignificant 
in both the substitution and daily equations, with t-statistics of -1.55 and -1.32 
respectively. All of the remaining variables were statistically significant at the 95 percent 
confidence level in both the substitution and daily equations except for the spa variable in 
the daily equation, which was significant at the 90 percent confidence level. 

Table 4-18 shows how the elasticity of substitution varies with each of the significant 
variables and Table 4-19 shows the variation in peak-period energy use on critical days 
across customer characteristics. Key findings include: 

• The differential impact of central air conditioning ownership on peak-period energy 
use is quite large, with critical day, peak-period reductions being more than twice 
as large for households with central air conditioning than for those without. The 
elasticity of substitution is nearly three times larger for CAC households than for 
non-CAC households, and the daily price elasticity is 50 percent larger for CAC 
households. 

• Variation in average daily energy use (ADU) has only a modest impact on price 
responsiveness. The reduction in peak-period energy use on critical days for 
households that have ADU equal to 200 percent of the population average is 14.7 
percent, or 1.6 percentage points greater than for the average household. Critical
day, peak-period reductions are one percentage point lower for households with 
ADU equal to 50 percent of the population average compared with the average 
household. 

• Spa ownership has a moderate impact on price responsiveness, with the elasticity 
of substitution being roughly one-third larger for customers with a spa than for 
those without. The daily price elasticity for households with a spa is actually less 
than for households without a spa. As such, the variation in peak-period impacts 
is less than the variation in the elasticity of substitution. Households with spas 
reduce peak-period energy use on critical days by roughly 16 percent whereas 
those without spas reduce peak-period demand by roughly 13 percent. 

• Households with electric cooking are less price responsive than households 
without electric cooking, suggesting that consumers are less willing to shift their 
dinner hour in response to price signals than they are to shift or reduce the use of 
other appliances. The average reduction in energy use during the peak-period on 
critical days is 11.5 percent for households with electric cooking and 14.1 percent 
for households without electric cooking. 

• Price responsiveness falls with the number of persons per household. The 
elasticity of substitution is about 25 percent larger for a two-person household than 
for a four-person household, and peak-period reduction in energy use is about 15 
percent (1.9 percentage points) larger for a two-person household. 

• High-income households are more price-responsive than low-income households. 
The percent reduction in peak-period energy use on critical days is nearly 50 
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percent (5.3 percentage points) greater for households with average annual 
income equal to $100,000 than for households with average annual income equal 
to $40,000. 

• Housing type (e.g., single versus multi-family housing) also influences demand 
response, with single-family households responding more to time-varying price 
signals than do multi-family households. 

• Housing size, as measured by the number of bedrooms in the house, is positively 
correlated with demand response. Households with four bedrooms reduce peak
period demand on critical days by roughly 15.7 percent whereas households with 
only two bedrooms reduce peak-period demand by roughly 11.6 percent. There is 
a high correlation between the number of bedrooms and housing type. Indeed, 
housing type and the number of bedrooms has a correlation coefficient equal to-
0.6, the highest correlation of any two variables that were examined. 

• There is significant variation in demand response between households where the 
head of the house is a college graduate and those where the head did not 
graduate from college. Indeed, the variation is comparable to that caused by 
variation in CAC ownership. The reduction in peak-period demand on CPP days 
for households where the head graduated from college is 18.5 percent whereas 
the reduction for households where the head did not graduate is only 8.6 percent. 
Of course, college education is highly correlated with income (the correlation 
coefficient of 0.46 is the second highest among all of the two-way correlations). 

• Customers who receive the CARE discount are much less price responsive than 
those who don't. Indeed, the elasticity of substitution for CARE households is 
essentially zero and the daily price elasticity is less than half the magnitude of the 
price elasticity for non-CARE households. 
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Dally of 
Variable . Characteristic 
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Variable 

Central AlC 

4·19 
Percent Impact on Peak Period 

Critical Given a 

Peak Period 

Use on 

Off-Peak Period Dally Period 

Electric Codldngh-'7:...,.c*=------+--~~-_+--~~--_+---~;_-_j 

2.46 -2.35 

Housing 'Type 

College 
Education 

CARE Discount r---=---'--I-------+--------+-------j 

4.4 WINTER ANAL VSIS 

The winter rate period for residential CPP-F customers in the SPP ran from November 1, 
2003 through April 30, 2004. For purposes of simplicity, the 2 pm to 7 pm peak period 
that was in effect during the summer was maintained for the winter period as well. As 
discussed in Section 2.2.1, customers who experienced the high price ratio during the 
summer months were placed on the low price ratio in the winter period and vice versa. 

The regression analysis for the winter period was conceptually similar to the approach 
used for the summer period, but there were some important differences. First, no winter 
pretreatment data were available so the winter analysis does not include any pretreatment 
data in the estimating database. Second, the weather term used in the substitution 
equation equals heating degree hours (HDH) per hour in the peak period minus HDH/hour 
in the off-peak period and the term in the daily equation is daily HDH/hour. Both of these 
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terms were constructed using a base of 65'F.53 Third, the price/CAC interaction term 
used in the summer equations was dropped, as air conditioning does not occur during the 
winter period. A price/space-heater interaction term was tested but it was not significant 
in either the substitution or daily equations. 

A regression was run using data pooled across all four climate zones and binary variables 
representing zones 2, 3 and 4 were interacted with the price and price/weather variables 
to test whether elasticities varied across zones for reasons other than the variation in 
weather. Only one of the twelve54 binary variable interaction terms had a significant t
statistic, namely the price term by itself for climate zone 2 in the daily energy use 
equation. Based on these results, we concluded that the data could be pooled across all 
zones without accounting for zonal differences in the elasticities"5 

As with the summer analysis, tests were done to see if there are significant seasonal 
differences in price response within the winter period. The inner winter was defined as the 
months of December, January and February and the outer winter by the months of 
November, March and April. Table 4-20 shows the elasticity of substitution and the daily 
price elasticity for the outer winter and the coefficients on the inner winter interaction 
terms that test for differences between the inner and outer periods. As seen, the average 
elasticity of substitution for all zones in the inner winter on normal weekdays is -0.033. 
The corresponding value on normal weekdays in the outer winter is -0.012. With a t
statistic equal to -1.82, the outer winter value is not quite statistically Significant, although 
it is Significant in zones 1 and 2. The delta value (not shown), equal to -0.021 at the 95 
percent confidence level, indicates that the elastiCity of SUbstitution is greater in the inner 
winter than in the outer winter, and the t-statistic of -2.40 (shown) indicates that this 
difference is statistically significant. There is very little variation in values across climate 
zones in the inner winter period, as the price-weather interaction term is essentially zero. 
There is slightly more variation in the outer winter. The daily price elasticities are also 
Significantly different across the two seasons. However, in this instance, price 
responsiveness is less (and not significant) in the inner winter than in the outer winter. 

53 HDH variables to base 55'F, 60'F and 65'F were all tested and the general results were similar regardless 
of the variable used. We also note that, since HDHlhr is often greater at night than during the day, the 
variable used in the substitution equation often has a negative value. 

54 There are 6 variables in each of the substitution and daily energy equations, two for each zone with one 
interacting with price alone and the other interacting with the price/weather interaction term, for a total of 12 
variables. 

55 As seen below, there are still zonal variations in the elasticities due to differences in weather across zones. 
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·2.58 

-3.24 2.07 

3.22 nfa 

nfa nfa nfa 

nfa nfa nfa 

Table 4-20 also shows the difference between weekend daily elasticities in the outer 
versus inner winter. The weekend daily elasticities in the inner winter are slightly positive 
but not significant whereas the outer winter values are positive and significant, indicating 
that treatment customers, in spite of lower weekend energy prices, use less energy on 
weekends than do their control group counterparts. 

CHARLES RIVER ASSOCIATES 79 



4. Residential CPP-F and Information Only Treatments 

Also shown in Table 4-20 are the critical day elasticities for the inner winter period. There 
were only three critical days during the inner winter and none in the outer winter. As was 
true for normal weekdays, there is very little variation in the elasticity of substitution across 
the four climate zones. Although there is some variation across zones in the daily 
elasticity, the average value is close to zero and not significant. 

Table 4-21 shows the impacts for the inner winter period on both critical and normal 
weekdays. The statewide impact during the peak period is -4.73 percent on critical days 
and -1.80 percent on normal weekdays. The impacts in other periods and on weekends 
are largely zero. 
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Table 4-22 shows the impacts for the outer winter period for normal weekdays and 
weekends. All of the impacts fall into the +/- 1 percent range. 

Regression models were also run in which seasonal variation was not allowed. The all
winter average elasticities are shown in Table 4-23. As expected, these elasticity 
estimates fall within the range of the inner and outer winter elasticities. The average 
elasticity of substitution across the four climate zones is -0.025 for both critical and normal 
weekdays and is statistically significant in both cases, with a t-statistic of -6.07 and -6.11, 
respectively. The average daily elasticity does varies day types: on critical days, the value 
is about 40 percent less (and not significant) than on normal weekdays. This result is 
similar to the values reported above for the inner and outer winter. Also similarly, the 
weekend daily elasticities are positive. 
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-0.026 -6.16 

-0.017 0.007 -2.35 

0.020 0.009 2.29 

-0.026 0.004 -6.17 

-0.013 0.007 -1.95 

-0.026 0.004 -6.17 

-0.020 0.008 

Table 4-24 shows the estimates for the average impact across the entire winter, based on 
the average prices used in the pilot. The winter average peak-period price was 
$O.61/kWh and the off-peak price was $O.11/kWh. As seen, the average critical day, 
peak-period impact hovers around 4 percent, notably less than the average summer 
impact of around 14 percent. The peak period impact on normal weekdays was less than 
2 percent for the state as a whole. 
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4.5 ANNUAL IMPACTS 
The change in annual energy use was calculated for the average CPP-F prices that were 
used in the pilot. The calculation was done at the zonal level by using starting values and 
impacts estimated separately for the inner and outer summer and inner and outer winter 
periods for each day type (e.g., critical days, normal weekdays and weekends). The 
population-weighted average change in energy use across all zones is zero. The change 
in each zone is essentially zero as well (-0.04 percent in zone 1, -0.01 percent in zone 2, 
0.02 percent in zone 3 and -0.01 percent in zone 4). 

4.6 INFORMATION ONLY TREATMENT 

The Information Only treatment was included primarily as a cross-check on the results of 
the CPP-F rate treatment. Specifically, it's purpose is to determine whether simply 
appealing for a reduction in energy use on critical days might produce significant impacts 
even in the absence of any price incentive. If this were true, dynamic demand-response 
could be achieved at a much lower cost than that associated with a CPP-F rate as there 
would be no need for the interval metering that is required when dynamic tariffs are 
implemented. 

In order to test the hypotheses that customers might reduce peak-period energy use in 
response to a critical event notification, customers were recruited for the Information Only 
treatment from PG&E's climate zones 2 and 3. These customers were given educational 
material in the form of a welcome package that provided information on how to reduce 
loads, and they were notified in the same manner as were CPP-F customers when critical 
days were called. However, participant's prices did not change from what they were prior 
to going on the treatment-that is, participants were not on time varying rates. 

In order to test for the impact of critical-day notifications on peak-period energy use, a 
binary variable was used in both the substitution and daily energy use equations. The 
variable is equal to 1 for Information Only treatment customers on critical days, zero 
otherwise. If treatment customers reduced demand during the peak period on critical 
days, or reduced demand overall on critical days in response to the notification, the 
coefficient on the binary variable would be statistically significant and have a negative 
value. Separate models were estimated for each climate zone and each year. The 
regression results are summarized in Table 4-25. Regressions were run using the 
statewide sample as a control group as well as using a subset of the statewide sample 
consisting of just PG&E customers, since the treatment group was located only in PG&E's 
service territory. The value of the coefficients were similar in both cases, but the 
t-statistics for the regressions using the statewide control were larger, probably due to the 
larger sample sizes. The results reported here are based on the statewide control group. 
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Table 4-25 
Coefficient On Binary Variable Representing Critical Day Notification 

For Information Only Treatment Customers 
Substitution Daily Energy Climate 

Zone Year Equation t- statistic Equation t-statistic 
. Coefficient Coefficient 

2 2003 0.001 0.04 -0.022 -1.84 

3 2003 -0.101 -3.86 -0.026 -1.87 

2 2004 0.036 1.35 0.014 0.86 

3 2004 . 0.010 0.28 0.017 0.85 

As seen in the table, the critical-day notification appears to have little impact on the ratio 
of peak-to-off-peak energy use on critical days in climate zone 2 in either 2003 or 2004. 
Both the regression coefficient and the t-statistic are very close to zero in 2003 and the 
coefficient is positive in 2004, but highly insignificant. The same thing can be said for 
climate zone 3 in 2004. However, in 2003, the price coefficient is large and highly 
significant. with a t-statistic equal to -3.86. We examined the data to try and identify what 
might be causing the anomaly of a large impact in zone 3 in 2003 and found nothing. 
Nevertheless, given the absence of any significant impact in zone 2 in 2003, and the fact 
that the large impact in zone 3 in 2003 is completely absent in 2004, at a minimum, we 
believe it is fair to conclude that the impact of critical day notification on the usage ratio in 
the absence of price signals is not sustainable. Furthermore, we believe it is reasonable 
to consider that the zone 3, 2003 estimate is an unexplained anomaly. In other words, it 
is not unreasonable, in our opinion, to conclude that there is no credible evidence from 
this experiment that there is any impact from the Information Only treatment on the ratio of 
peak-period energy use to off-peak energy use. 

It would appear from the results summarized in Table 4-25 that there may have been 
some modest impact of the critical-day notification on daily energy use on critical days in 
2003. The coefficients are almost identical in climate zones 2 and 3, as are the 
t-statistics, which indicate that the treatment is Significant at the 90 percent confidence 
level (but not at the 95 percent level of confidence). However, the modest impact 
disappears completely in both zones in 2004. Indeed, the results suggest that treatment 
customers actually use a bit more energy on critical days than do control customers, 
although the difference is not statistically significant. Again, at a minimum, one can 
conclude that the influence of the information treatment is not sustainable. 

4.7 TRACK B ANALYSIS 

The Track B treatment examined whether customer price responsiveness can be 
enhanced by an information treatment, provided in the context of a community program 
housed within a contiguous geographic area faced with environmental problems 
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associated with power generation. This section provides a brief summary of the Track B 
pilot design. Additional details on the design and a presentation of the results are 
contained in a separate report produced by San Francisco Community Power (SF Power), 
the contractor that implemented and evaluated the Track B treatments. See Statewide 
Pricing Pilot-Track B: Evaluation of Community-Based Enhanced Information 
Treatment, Draft Final Report, March 8, 2005. 

Track B customers were located within the service area of Pacific Gas & Electric 
company. They were located entirely within climate zone 1 but had very different socio
economic and demographic characteristics from the average zone 1 customer. Track B 
customers reside in the Bay View, Hunters Point, and Potrero Hill districts of San 
Francisco (home to two aging power plants that generate above-average levels of air 
pollutants). SF Power provided these customers with information about the economic and 
environmental consequences associated with peak power energy use, and informed them 
of the potential to reduce reliance on a locally polluting power plant through adoption of 
the CPP-F tariff. Participants received educational information regularly to reinforce this 
message and were informed through a variety of communication channels when critical 
peak prices were in effect. The SPP also included a control group of PG&E customers 
randomly selected from another Bay Area community [Richmond] situated near a known 
and publicized environmental hazard. Customers in Richmond had similar socio
economic and demographic characteristics to those in the Hunter's Point/Bay View area, 
in addition to being located in a similar climatic region. 

Track B began on July 14, 2003 and the new rates went into effect on August 14, 2003. 
Winter treatments began on November 1, 2003 and continued through April 30, 2004. 
Summer 2004 began on May 1,2004 and continued through October 31, 2004. 

The pilot design for Track B allows for the estimation of two treatments. One involves 
estimating the impact of the CPP-F rate, conditional on both treatment and control 
customers receiving an extended community-based information treatment. The other 
involves comparing the impact of the extended information treatment, conditional on both 
groups being on the CPP-F rate. 

Table 4-26 summarizes the experimental design for Track B. It should be noted that there 
is no pure control group that received neither an information treatment nor a price 
treatment. As such, it is not possible to estimate the impact of information without a 
dynamic rate or the impact of the dynamic rate without information. 

CHARLES RIVER ASSOCIATES 87 



4. Residential CPP-F and Information Only Treatments 

Reference Name = Treatment 

Values: TREATMENT =1, 
INFORMATION = 1. 

Reference Name = Information 
Control 

Values: TREATMENT =1, 
INFORMATION = O. 

Location = Rich CA 

Reference Name: Rate 
Control 

Values: TREATMENT =0, 
INFORMATION = 1. 

There are no customers for 
this combination. 

Values: TREATMENT =0, 
INFORMATION = O. 

The Track 8 analysis involved three comparisons. One involved a regression using the 
801 and 802 cells only, both of which are located in Hunter's Point. A second comparison 
involved the 802 and B03 cells and a third involved all three cells. 

As with Track A, the Track 8 model specification included two equations, one for modeling 
peak/off-peak substitution and one for modeling daily electricity consumption. Each 
equation included an intercept term, a price term and a weather term. In addition, when 
measuring the impact of the extended information treatment on price responsiveness, a 
binary variable representing the provision of information was interacted with the price 
term. 
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This section examines the impact of the residential TOU rate on energy use by rate 
period. Before discussing the results, it is useful to recall the purpose of the TOU 
treatment cells in the design of the SPP. The CPP-F tariff consists of a TOU rate that 
differs on critical and normal weekdays. As such, the CPP-F rate can be used to estimate 
response to both the very high peak-period prices on critical days as well as the more 
moderate TOU rates on normal weekdays. However, in the early design stages of the 
SPP, some felt that it would be useful to have a pure TOU treatment to allow for 
comparisons with other studies. Since there was a fixed budget for conducting the SPP, 
the bulk of it was devoted to populating the CPP-F treatment cells, given that there was 
greater uncertainty about customer response to CPP-F rates than to TOU rates and 
greater potential benefits that might be achievable from these dynamic rates. As such, 
the final sample design allocated only 57 customers on average to each TOU treatment 
cell versus 161 customers on average for each climate zone for the CPP-F rate. 

The TOU rate analysis relied on the same control groups that were used to analyze the 
impact of the CPP-F treatment. Like the CPP-F treatment, the TOU treatment was 
implemented statewide and customers were segmented into the same four climate 
zones:6 

Table 5-1 shows the average TOU prices that were used in the experiment. The average 
peak-period price across the two summers for high price-ratio customers was $0.24/kWh 
and the off-peak price was $0.09/kWh, for a peak-to-off-peak price ratio of roughly 2.7 to 
1. The price ratio for low-ratio customers was roughly 1.7 to 1 while the average price 
ratio across the two prices was 2.2 to 1. During the winter period, customers that faced 
the high price ratio in the summer were placed on the low price ratio and customers that 
faced the low price ratio in the summer were given the high price ratio. The average 
peak-period price in the winter was $0. 19/kWh. 

56 In light of the small sample sizes associated with this treatment, the statewide allocetion of samples to 
SDG&E was very small. Consequently, to simplify pilot implementation, the original samples alloceted to 
SDG&E were realloceted to SCE and PG&E. That is, no SDG&E customers were included in the TaU rate 
treatment. 

CHARLES RIVER ASSOCIATES 89 



5. Residential TOU Rate Treatment 

Season 

Treatment 

5.1 SUMMER ANALYSIS 

Average 
($/I\Wh) 

The model specification used for the summer TOU rate analysis was quite similar to the 
one that was used for the CPP·F analysis. The model included price interaction terms for 
weather and central air conditioning ownership. Preliminary model runs indicated that, 
once these variables were included, there were no significant differences across climate 
zones. Consequently, the models were run on data pooled across the four zones. 

Separate model runs were initially made for each of the two summers over which the SPP 
operated. Unlike with the CPP-F tariff, where differences across the summers were 
minor, these initial results indicated that there were significant differences in response 
across the two summers. Consequently, we pooled the data across the two summers and 
used a binary variable representing the summer of 2004 interacting with each price term 
in the specification to test conclusively whether there were statistically significant 
differences. A binary variable representing the inner and outer summer periods was also 
included in the specification, interacted with each of the price terms. 

Table 5-2 summarizes the elasticity estimates associated with each of the inner summer 
periods and with the outer summer, which spans 2003 and 2004. The last column of the 
table shows the t-statistic associated with the differential between 2003 and 2004 for the 
inner summer period. Examining the statewide values first, the most dramatic finding is 
the large change in the elasticity of substitution between the two summers. In 2003, the 
estimated elasticity of substitution in the inner summer equaled -0.099 and was highly 
significant, with a t-statistic equal to -10.17. This value is similar to the summer 2003 
elasticity of substitution for the CPP-F rate, which equals -0.090 (see Table 4-2). Indeed, 
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-0.090 is within two standard deviations of the TOU value (based on the TOU standard 
error estimate of 0.010). In contrast to the CPP-F analysis, which showed no statistically 
significant change in the elasticity of substitution between the two summers, the elasticity 
of substitution for the TOU rate essentially dropped to zero in the inner summer of 2004. 
This dramatic decline in price responsiveness is evident not just statewide but also in 
every climate zone. 

-0.090 0.023 -3.89 -0.104 -0.44 

-0.007 0.019 -0.39 0.019 nfa 

-0.090 0.010 -8.64 -0.057 5.35 

-0.168 0.032 -5.21 -0.14 

-0.063 0.011 -5.61 6.21 

The change in the daily price elasticity across the two years was much more modest than 
the change in the elasticity of substitution. There actually was a nominal increase in the 
daily price elasticity from 2003 to 2004, but the change is not statistically significant.57 

The daily price elasticities estimated for the TOU rate in both summers are significantly 
larger than those estimated for the CPP-F rate. This would suggest that the primary 
impact of the TOU rate, indeed the only impact in 2004, is load reduction overall, not load 

57 Recall from Section 4 that the CPP-F daily elasticity also increased between the two summers (see Table 4-
3) 
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