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Energy Probe Research Foundation (“Energy Probe”) has reviewed the expert reports of London 

Economics International (“LEI”)
1
 and Pacific Economics Group (“PEG”)

2
, and their respective 

responses and revised responses to its interrogatories and those of other intervenors.  Energy 

Probe seeks further clarification on the experts’ calculation and reporting of their respective 

productivity growth rates and intends to question LEI and PEG at the upcoming hearing about, 

inter alia, the matters raised in this Note. 

 

Energy Probe provides this Note to assist the Board’s understanding of how LEI and PEG have 

obtained their estimates of the long-run productivity growth rate in hydro-electric generation.  

Energy Probe hopes that this Note will reduce the time devoted to questions on this material at 

the hearing. 

 

 

1. Analysis of LEI Growth Rates 

 

At Figure 27 of the LEI Report, LEI presents the percentage changes in its Output and Input 

Indexes for each year from 2003 to 2014 and the resulting yearly Total-Factor Productivity 

(“TFP”) growth rate which is the difference between the two.  Averaging over these twelve 

yearly changes, LEI reports that the average growth rate of TFP is -1.01% per year.
3
 

 

Using the data as shown in Figure 27, Energy Probe confirms LEI’s calculation of the -1.01% 

average TFP growth rate, but notes that it may be sensitive to the rounding-off of the various 

data that LEI has used in its calculation and reporting. 

 

The LEI Report does not present the output, input and TFP growth rates for individual 

companies in LEI’s sample.  This is perhaps because, as it appears, LEI has adopted an index 

methodology and has constructed a TFP Index for each company in its sample.  Its research 

problem was therefore to combine these indexes into an industry (or sample) index and compute 

the annual growth rates of that aggregate TFP index. 

 

Energy Probe sought to understand how the -1.01% average TFP growth rate reported in Figure 

27 relates to company-level data.  Further to Undertaking JT3.24, OPG provided in hardcopy the 

annual productivity growth rates that LEI had calculated for each company in its sample of 16 

companies for each year in the 12-year period 2003-2014 using its “average growth method”.
4
  

Energy Probe thanks OPG and LEI for their time and effort in responding to its request. 

 

Energy Probe manually entered this hardcopy company-level TFP growth rate data into an Excel 

spreadsheet, and reviewed and analyzed these data in order to confirm/disconfirm LEI’s -1.01% 

                                                 
1
 EB-2106-0152. Exhibit A1-3-2, Attachment 1.  Empirical Analysis of Total Factor Productivity Trends in the 

North American Hydroelectric Generation Industry, February 19, 2016. (the “LEI Report”) 
2
 EB-2016-0152. Exhibit M2. IRM Design for Ontario Power Generation, November 23, 2016. (the “PEG Report”) 

3
 See LEI Report at p.44. 

4
 EB-2016-0152.  JT3.24. Chart 1 – TFP Index Growth – Average growth method (%),   at p. 2 of 4 
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growth rate in Figure 27.  To this end, it has conducted various statistical calculations and 

analyses.  In addition to the company growth rates provided by OPG, Table 1 below shows: 

 

 an additional column labelled COMPANY AVG which shows the average of the 

yearly TFP growth rates for each company, and 

 

 an additional row labelled YEARLY AVG which shows, by year, the average of 

company TFP growth rates 

 

All of Energy Probe’s calculations below used the LEI hardcopy data as received.
5
   

 

It is instructive to examine the data in Table 1.  The data can be averaged in three ways: over that 

entire sample, by company, and by year. 

 

 In the first, there are 12x16=192 observations of the annual TFP growth rate.  Energy 

Probe has calculated the average annual TFP growth rate thereof as approximately           

-1.01% with rounding.  Energy Probe has also calculated the standard deviation of 

26.40%.
6
 

 

 In the second, there are 16 rows in Table 1, one for each company in LEI’s sample, each 

row displaying 12 annual TFP growth rates for the years 2003-2014.  Averaging over the 

12 years for each company, the COMPANY AVG annual growth rates shown in Table 1 

range from 3.40% (GPA) to -5.98% (SoCal).  The mean of the 16 COMPANY AVG’s 

provides information on the “average company” in LEI’s sample; that mean is -1.01% 

with rounding and the standard deviation is 2.37%. 

 

 In the third approach, Table 1 contains 12 columns of yearly data, each displaying the 

TFP growth rates of the 16 firms for each year in the period 2003-2014.  Averaging over 

the 16 firms’ growth rates in each year, the YEARLY AVG shown in the final row of 

Table 1 ranges from 20.17% (2009) to -16.98% (2007).  The mean over the 12 YEARLY 

AVG’s provides information on the “average year” in LEI’s sample period; that mean is  

-1.01% with rounding and the standard deviation is 10.77%. 

 

Energy Probe concludes that the -1.01% average annual TPF growth rate reported in the LEI 

Report at Figure 27 (presumably derived from LEI’s aggregate TFP index) is confirmed by its 

own analysis of the company-level data. 

                                                 
5
 Energy Probe notes that LEI has formatted and displayed the percentage TFP growth rates to two decimal places in 

Figure 27 of its Report. In Chart 1 of its response to Undertaking JT3.24, LEI formats and displays the percentage 

company growth rates to one decimal place and the company averages (AVG) to two decimal points.  Since Excel 

stores numbers to 15 decimal places and calculations in Excel are performed on the numbers as stored, not as 

formatted, it could be that LEI’s calculations are based on its data as stored, not as formatted and reported.  Energy 

Probe worked with the hardcopy data as received.  Accordingly, where LEI and Energy Probe have performed the 

same calculation, there may be differences in the result.   
6
 Energy Probe used the Excel functions AVERAGE (.) and STDEV.S(.) for these calculations. 
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Energy Probe invites LEI to confirm/disconfirm Energy Probe’s above calculations of the 

averages and standard deviations from the annual TFP growth rate data provided by OPG in 

response to Undertaking JT3.24. 
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TABLE 1 
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2. Analysis of PEG Growth Rates 

 

At page 49 of the PEG Report, PEG states that  “over the featured period 1996-2014 sample 

period, the average annual growth rate in the MFP of all sampled US hydropower generators was 

about 0.29%.”  Table 3 of the PEG Report presents the yearly MFP growth rates that PEG has 

averaged.
7
 

 

It appears that, similar to LEI, PEG adopted an index methodology and constructed an MFP 

Index for each company in its sample.  Its research problem was therefore to combine these 

indexes into an industry (or sample) MFP Index and compute the annual growth rates of that 

aggregate index. 

 

Energy Probe submitted interrogatories on the PEG Report on December 2, 2016.
8
  In its 

interrogatory #2 i), Energy Probe requested that PEG provide its calculated productivity growth 

rate for each company in each year of its sample.
9
 

 

In its response to Energy Probe, PEG referred to several working papers and Excel workbooks 

that it had provided in response to an interrogatory from Ontario Power Generation which, it 

noted, contained the information that Energy Probe had requested.  PEG did not indicate which 

working paper or part thereof contained the information that responded to Energy Probe’s 

interrogatory.
10

 

 

From Energy Probe’s review of PEG’s working papers, it appeared that the information it sought 

was in Excel workbook M2-11.1-OPG-Attachment PEG-WP-1_20161214.XLSX.  That Excel 

workbook contains a spreadsheet named “Indexes”.  The Indexes spreadsheet contains the 

heading “Productivity Calculations”.  Columns AC, AD and AE thereof contain productivity 

growth measures by company and by year for “O&M”, “CAPITAL” and “MFP” respectively. 

 

On January 8, 2017, Energy Probe requested that PEG clarify certain of its interrogatory 

responses.  In particular, Energy Probe requested that PEG confirm that the Indexes spreadsheet 

was the document that PEG intended as its response to Energy Probe’s Interrogatory #2 i).  

Energy Probe further requested that PEG confirm that the data in Column AE of that spreadsheet 

were the data PEG itself used to calculate its 0.29% MFP growth rate, and if not, then to indicate 

the data source for that number. 

 

On February 8, 2017, PEG filed its revised responses.
11

  It did not confirm that the Indexes 

spreadsheet was the document that PEG intended as its response to Energy Probe’s interrogatory.  

                                                 
7
 See PEG Report at p.49 and Tables 3 and 4. 

8
 EB-2016-0152. Interrogatories of Energy Probe Research Foundation, December 2, 2016 

9
 ibid, at p. 4: 

i) As LEI had done, please provide PEG’s estimates of annual productivity growth for each company in 

its sample and for each year in its sample. 
10

 EB-2016-0152. OEB Staff IRR, Exhibit M2/Tab 11.1, December 14, 2016.  Schedule EP-002 at page 3 states: 

h)    The working papers provided in response to M2-11.1-OPG-1 contain year-by-year productivity growth   

rates for the individual companies in the sample. 
11

 EB-2016-0152, OEB Staff M2 11.1 Energy Probe 002 Revised IRR OPG 20170208 
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PEG did not indicate the location of the company-level data that it used to calculate its 0.29% 

average annual MFP growth rate. 

 

a. PEG’s Indexes Spreadsheet: Analysis of Column AE growth rates 

 

Energy Probe has downloaded the MFP growth rate information for PEG’s “larger sample” of 

twenty U.S. companies
12

 from Column AE of the Indexes spreadsheet for the years 1996-2014 

(its “featured sample period”
13

) to an Excel spreadsheet.  The information is displayed in Table 2 

in a format that facilitates comparisons with the LEI data provided by OPG. 

 

For comparability with Table 1, Table 2 also shows: 

 

 an additional column labelled COMPANY AVERAGE 1996-2014 which shows the 

average of the yearly MFP growth rates for each company, and 

 an additional row labelled Yearly Average which shows, by year, the average of 

company MFP growth rates 

 

Similar to the LEI data in Table 1, the data in Table 2 for PEG’s featured sample period can be 

averaged in three ways: over that entire period, by company, and by year.
14

 

 

 In the first, there are 20x19=380 observations of the annual productivity growth rate.  

Energy Probe has calculated the average annual MFP growth rate thereof as 0.088…%.  

Energy Probe has also calculated the standard deviation of 6.38%. 

 

 In the second, there are 20 rows in Table 2, one for each company in the larger sample, 

each row displaying 19 annual growth rates for the years 1996-2014.  Averaging over the 

19 years for each company, the annual growth rates shown in the COMPANY 

AVERAGE 1996-2014 column range from 3.37% (Virginia Electric and Power) to          

-3.75% (Puget Sound).  The mean thereof provides information on the “average 

company” in the larger sample; that mean is 0.088…% and the standard deviation is 

1.56%. 

 

 In the third approach, Table 2 contains 19 columns of yearly data, each displaying the 

growth rates of the 20 firms for each year 1996-2014.  Averaging over the 20 firms’ 

growth rates in each year, the Yearly Average row shown in the table ranges from 2.46% 

(1997) to -2.62% (2009).  The mean of the 19 Yearly Averages provides information on 

the “average year” in the featured sample period; that average is 0.088…% and the 

standard deviation is 1.35%. 

                                                 
12

 See PEG Report at p.46 
13

 ibid. 
14

 Energy Probe notes that PEG has formatted and displayed the MFP growth rates in Column AE of the Indexes 

Excel spreadsheet to two decimal places.  In Table 2, Energy Probe displays the same data to three decimal places.  

This is possible because Energy Probe downloaded PEG’s Excel data as stored (i.e.to 15 decimal places). 
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As these averages drawn from the data in Table 2 differ from PEG’s 0.29% figure, all that can be 

concluded is that PEG’s approach to aggregating company-level MFP data differs from LEI’s 

approach thereto. 

 

Energy Probe invites PEG to confirm/disconfirm Energy Probe’s above calculations of the 

averages and standard deviations from the annual MFP growth rate data from Column AE of the 

Indexes spreadsheet. 
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TABLE 2 
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b. PEG’s Aggregation Spreadsheet: Cost-Weighted Growth Rates 

 

Based on Energy Probe’s review of PEG’s working papers, it appears that PEG has used the 

information in its “Aggregation” spreadsheet that is contained in Excel workbook M2-11.1-

OPG-Attachment PEG-WP-1_20161214.XLSX.  Column I contains the MFP growth rates by 

company and by year for its featured sample of twenty companies over the years 1996-2014.
15

  

These growth rate data are identical to the data in Column AE of the Indexes spreadsheet 

referred to above. 

 

Column F of the Aggregation spreadsheet contains PEG’s calculated total cost by company and 

by year, and Column G contains each company’s share of the annual aggregate cost of all sample 

companies in each year. 

 

PEG uses these cost shares as weights for the MFP growth rates it reports in Column I.  More 

precisely, it calculates the average of the current-year cost share and the previous-year cost share 

and multiplies by the current-year growth rate. 

 

To illustrate using the data as displayed for PEG’s company #2’s (apparently, Alabama Power), 

the MFP growth rate in 1996 was calculated as follows: 

 

MFP growth rate: 0.79%  

1995 Cost share:  8.12% 

1996 Cost share:  6.08% 

Weighted MFP growth rate: 0.79% x (8.12% + 6.08%)/2 = 0.056% 

 

Energy Probe has extracted PEG’s cost-weighted MFP growth rates for each company and each 

year of its sample from Column I of the PEG’s Aggregation spreadsheet
16

 and reported same in 

Table 3 below.  The Table contains 20x19=380 observations of the annual MFP growth rate.  

Note the weighted MFP growth rate for company #2 in 1996 shown in Table 3 is 0.056%, 

confirming the calculation immediately above. 

   

As with Table 2, Table 3 also shows an additional column labelled COMPANY AVERAGE in 

which Energy Probe has calculated the average growth rate for each company over the 1996-

2014 period.  Table 3 also has an additional row labelled YEARLY AVERAGE in which it has 

calculated the average of the company growth rates in each year.  Once again, the mean 

COMPANY AVERAGE, the mean YEARLY AVERAGE and the average of all 380 

observations are the same and equal 0.014%.  The associated standard deviations are 0.085%, 

0.086% and 0.374% respectively. 

 

The final row of Table 3 shows Energy Probe’s calculation of the year-by-year sums of PEG’s 

calculated growth rates.  For example, the sum of all company growth rates for 1996 was found 

                                                 
15

 In its Indexes spreadsheet, PEG refers to MFP.  In its Aggregation spreadsheet, PEG refers to TFP.  Energy Probe 

agrees that the two terms have identical meanings and uses MFP consistently in discussing and analyzing PEG’s 

data. 
16

 In extracting the data from the Aggregation spreadsheet, Energy Probe followed PEG’s practice and extensively 

used the advanced Excel data-handling function SUMIFS.    
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to be -5.034%.  These growth-rate YEARLY SUMs in Table 3 are the same as the growth rates 

reported in Table 3 of the PEG Report.
17

 

 

Averaging across the row of YEARLY SUMs, Energy Probe finds that the mean is 0.288% 

which, upon rounding, becomes 0.29% which, as noted above, is the PEG Report’s “average 

annual growth rate in the MFP of all sampled US hydropower generators”
18

.  The standard 

deviation of the YEARLY SUMs is 1.711%. 

 

Energy Probe invites PEG to confirm/disconfirm Energy Probe’s above calculations of the 

averages and standard deviations from the annual MFP growth rate data in the Aggregation 

spreadsheet. 

 

 

3. Interim Comparisons 

 

Subject to confirmation from PEG, Energy Probe believes that its analysis of the PEG data has 

replicated the procedures that PEG followed in obtaining its 0.29% average annual MFP growth 

rate as reported in the PEG Report. 

 

More importantly, Energy Probe has shown that LEI and PEG appear to have aggregated their 

sample data into a final estimate of long-term industry MFP growth in very different ways.  LEI 

has obtained its estimated -1.01% average annual MFP growth rate by averaging over its 

calculated growth rates of each company in each year of its sample.  PEG, on the other hand, has 

obtained its 0.29% estimate by summing its calculated weighted annual growth rates of the 

companies in its sample in each year and then averaging those annual sums. 

 

As suggested immediately above, Energy Probe feels that it may be premature to conclude that 

LEI and PEG have undertaken very different approaches to deriving their final aggregate 

estimate from their underlying sample growth rate data.  This hesitation springs, in part, from 

Energy Probe’s limited understanding of LEI’s sample data.  It is not yet clear whether LEI has 

weighted its sample growth rates in a manner similar to (or different from) PEG’s weighting as 

discussed above.  Similarly, the fact that Energy Probe has not identified aggregation by 

summing in LEI’s company-level data does not indicate that LEI has not done so. 

 

                                                 
17

 See PEG Report at p. 50, Table 3. 
18

 See PEG Report at p.49. 
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TABLE 3 
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4. Other Issues 

 

Energy Probe intends to raise the following related matters at the upcoming hearing. 

 

a. Logarithmic and Simple Growth Rates 

 

PEG and LEI have constructed productivity indexes for each firm in their samples.  These 

indexes differ in important conceptual ways, but it is also important to understand how the 

experts have calculated and reported growth rates from their respective indexes. 

 

The PEG Report points out in several places that the growth rates it has reported are logarithmic 

growth rates.
19

  This raises the possibility that PEG and LEI have calculated and reported growth 

rates in different ways.  If LEI’s reported growth rate is a simple growth rate, it will only be 

comparable to PEG’s corresponding logarithmic rate where the former is close to zero.  

However, some reported growth rates in both expert reports exceed 25% so the differences may 

be substantial. 

 

Accordingly, Energy Probe seeks to determine whether LEI’s reported growth rates are 

logarithmic rates in order to determine their comparability with PEG’s reported rates.  

 

b. Variability and Statistical Significance 

 

Energy Probe Interrogatory #1, parts f) and g) asked PEG to perform tests of statistical 

significance on certain of LEI’s and PEG’s estimates of annual average MFP growth.  PEG 

concluded that on the basis of these tests, the null hypothesis that the population productivity 

growth rate differed from zero could not be rejected.
20

 

 

PEG’s response to Energy Probe’s Interrogatory #1, part f) also includes the statement: 

 

“However, we note that the small sample can lead to inaccurate results when 

performing the requested test.” 

 

In its expert report, PEG argues for a longer sample period because it “more effectively smooths 

the effects of volatility in the sample. …”.
21

  It appears that PEG is asserting a relationship 

among sample size, variability of sample data, and the accuracy of tests of statistical 

significance. 

 

Energy Probe wishes to pursue this asserted relationship with the experts and to seek their view 

on an alternate explanation for the lack of statistical significance: i.e., that there is too much 

                                                 
19

 If the one-period growth rate is g, then the logarithmic growth rate is ln(1+g).  If g=0.15 (15%), then the 

logarithmic growth rate is ln(1.15)=0.13976… which, after rounding, might be reported as 14%.  The logarithmic 

growth rate is equivalent to the continuously-compounded growth rate. 
20

 EB-2016-0152, Exhibit M2, Tab 11.1, Schedule EP-001, p.3. Energy Probe had calculated the 8.40% standard 

deviation using the data for LEI’s TFP Index Growth in Figure 27 of the LEI Report.  PEG confirmed Energy 

Probe’s calculation. 
21

 See PEG Report at p.60. 



 

Page 13 of 15 

 

variability in the data, hence increasing the sample size would not necessarily reduce that 

variability. 

 

Energy Probe also wishes to have the experts’ further view on the proper interpretation of a 

failure to reject the null hypothesis in a conventional statistical test.  In particular, does the 

failure to reject the null hypothesis provide evidence that the true population parameter is in fact 

zero?  Alternately, does the failure to reject simply mean that, on the available evidence, there is 

no basis for making any conclusion at all about the true value of that parameter? 

 

c. The Research Question 

 

If LEI and PEG have indeed pursued the very different data-aggregation methods discussed 

above, Energy Probe suggests that they may have interpreted the basic research question 

differently.  It appears that LEI has understood the goal of its research (providing “the industry 

TFP growth over the study period”
22

) as determining the average productivity performance of the 

companies in its sample of peer-group hydro generators, i.e. of a typical hydro generator. 

 

It appears that PEG has understood the research question as asking for the aggregate productivity 

growth of the hydro generation industry over a particular time period.  From this perspective, 

summing the growth rates of the companies in its sample is one way to estimate that aggregate 

MFP trend. 

 

d. Other Measures of the MFP Growth Rate? 

 

Because of the substantial variability in the annual productivity growth data used by both PEG 

and LEI, Energy Probe suggests that other growth-rate measures and statistical tests should be 

considered for determining the appropriate long-run growth MFP rate in North American 

hydroelectric generation. 

 

One such alternative is the conventional compound annual growth rate (“CAGR”). The CAGR 

calculation requires only two data points: the value of a company’s productivity index at the very 

beginning of the sample period, and the value of that index at the end of that period.  Because the 

CAGR involves only the endpoints of the sample period, its calculation is unaffected by the 

intermediate year-to-year variability that contributes to the lack of statistical significance of 

virtually all of PEG’s and LEI’s calculated growth rates. 

 

Neither PEG nor LEI report these productivity index levels in their expert reports.  An alternate 

but equivalent CAGR calculation can be made using the annual MFP growth rates from the data 

already provided.
23

 

 

Using sample data again raises the question of how CAGR’s of individual companies should be 

aggregated into a measure of central tendency.  Energy Probe suggests that the median CAGR is 

a better indicator of productivity growth than the arithmetic average thereof.  Firstly, it is less 

                                                 
22

 See LEI Report, footnote 1 supra at p.48. 
23

 As PEG and LEI are undoubtedly very familiar with CAGR calculations, it is not necessary to discuss the relevant 

mathematics in this Note. 
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affected by extreme values than the average.  Secondly, it requires only the endpoints of the 

sample period and is unaffected by the inherent variability in the data.  Thirdly, a negative 

average productivity growth rate is unacceptable to the policymaker. 

 

Table 4 below shows Energy Probe’s CAGR calculations for each company in PEG’s larger 

sample and both the arithmetic average and the median CAGR for the sample.  The average is     

-0.154% but the median is 0.147%.  On Energy Probe’s further tests, neither estimate is 

statistically significant.
24,25

 

 

Energy Probe is interested to have the experts’ views on whether the use of the median CAGR or 

any other particular measure would be an improvement that would assist the Board in 

determining the appropriate long-term MFP growth rate in this and future cases. 

 

It is apparent to Energy Probe that statistical significance is not, and cannot be, the sole or even 

the most important criterion for deciding which long-term MFP growth rate the Board should 

adopt for the purposes of incentive regulation.  Indeed, Energy Probe agrees with the Board’s 

policy of rejecting proposed negative growth rates even if the supporting research could 

demonstrate statistical significance in the conventional manner. 

 

Since, as it appears, neither of the experts’ MFP growth estimates are statistically significant, 

Energy Probe is of the view that the parties and their experts should put forward other criteria 

that the Board could consider in evaluating the two experts’ recommended long-term MFP 

growth rate.
26

   

 

 

 

  

                                                 
24

 The sample average is tested on a conventional one-sample two-tailed t-test with a 5% significance criterion. 
25

 The sample median is tested with a sign test. Of the 20 CAGR’s, 10 are above the median and 10 below.  The 

binomial probability of observing this outcome is approximately 17.6%.  With a 5% significance criterion, the null 

hypothesis is not rejected. 
26

 For example, having regard to its discussion of issues surrounding sample size, Energy Probe suggests that, in 

this case, larger sample size would not be a good criterion. 
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TABLE 4 

 
 


