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Report of the Board Ontario Energy Board

The Board first described the components of an X-factor in its 3" Generation IR report

as follows:

The productivity component of the X-factor is intended to be the external
benchmark which all distributors are expected to achieve. It should be
derived from objective, data-based analysis that is transparent and
replicable. Productivity factors are typically measured using estimates of
the long-run trend in TFP growth for the regulated industry.

The stretch factor component of the X-factor is intended to reflect the
incremental [efficiency] gains that distributors are expected to achieve
under IR and is a common feature of IR plans. These expected
productivity gains can vary by distributor and depend on the efficiency of a
given distributor at the outset of the IR plan. Stretch factors are generally
lower for distributors that are relatively more efficient. '

The RRF Report stated that X-factors for individual distributors under this next version
of IR (“Price Cap IR") will continue to consist of an empirically derived industry
productivity trend (productivity factor) and a stretch factor.

PEG made specific recommendations in its May 2013 Updated PEG Report for the
productivity and stretch factor components of the X-factor. These recommendations
provided the basis for stakeholder consultations. PEG updated its analyses to include
2012 electricity distributor data and presented the results in a report released on
September 6, 2013, entitled “Empirical Research in Support of Incentive Rate setting:
2012 Update” (the “2012 Update PEG Report”). PEG’s final recommendations to the
Board are set out in its report released on November 21, 2013, entitled “Empirical
Research in Support of Incentive Rate Setting in Ontario” (the “Final PEG Report’)™.

2 Ontario Energy Board. EB-2007-0673 Report of the Board on 3" Generation Incentive Regulation for
Ontario’s Electricity Distributors. July 14, 2008. p.12.

'3 pacific Economics Group Research, LLC. Empirical Research in Support Of Incentive Rate Setting in
Ontario. November, 2013. (htip #vaww ontanpengrayboard calOEB! Documents/ER-2010-0379EB 2010

0379 Final PEG Report_20121111,pdf)

-12 - November 21, 2013
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6.2  Industry TFP results

6.2.1 Industry TFP results using the average growth method

The results for the industry TFP study over the 2002-2014 period using the average growth
method suggest a TFP growth rate of -1.01%, as summarized in Figure 23.

Figure 2_5._Iéé;r TFP study results using- the average_g;ov;th method

Average index growth rates (2002-2014)

Input Index Qutput Index TFP Index

0.38%

130

e T

2006 2007 2008 2009 2010 2011 2012 2013 2014

0.90

2003 2004

2005

Input - Capital MW Input - O&M costs Output - Net Generation (MWh)

Figure 26, average growth rate for capital inputs measured in MW was 0.15% over the 2002-
2014 period, with little year over year fluctuations. This result is to be expected for a mature
hydroelectric industry as construction of new generation facilities is infrequent. O&M input
growth was higher than capital input at an average rate of 1.85% over the study period, and
year over year fluctuations were greater. LEI calculated capital’s share of input for this peer set
to be on average 80%, and O&M share of input to be 20% (see Section 4.2.2 for more background
information on input shares); annual input weights are listed in Figure 24. With more weight
assigned to capital, the total input index growth rate is estimated to be 0.38% using the average
growth method, and year over year fluctuations are small, as seen in Figure 26.

41
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- Figure 27, Input, dutput and TFP index growth rates using the average gr_ov_vm method

Quantity Sub-Index Growth Rates

Input Index Outputindes TFMIndex

Growth Cerowth Growth

2002-2003 269% 9.80% 711%
2003-2004 0.66% -3.69% -4.35%
2004-20056 0.07% 1.64% 1.58%
2005-2006 0.62% 1.79% 1.17%
2006-2007 -1.00% -17.98% -16.98%
2007-2008 1.78% 5.18% 3.40%
2008-2009 0.21% 9.40% 9.61%
2009-2010 1.20% 4.65% -5.85%
2010-2011 -2.27% 5.69% 7.97%
2011-2012 0.04% -14.38% -14.42%
2012-2013 0.34% 2.55% 2.22%
2013-2014 0.61% -3.00% -3.60%
AVERAGE 0.38% -0.64% -1.01%

LEI believes that negative TFP trends can be “expected” for mature hydroelectric businesses,
because of the fixed production capability, fixed capital stock and rising costs of maintenance
through the life cycle of a hydroelectric resource. As discussed earlier in Section 3.1, common
drivers of productivity include technological innovation and improved economies of scale.
However, for a mature hydroelectric business, great leaps forward in technology are extremely
rare and economies of scale are generally fixed as soon as the asset is built and put into
operation (although occasionally, refurbishments and other capital programs can increase
energy production due to advances in new equipment). In general, it should be expected that
output levels would be stable over time;s? capital inputs are constant (once a hydroelectric plant
is put into service); and OMé&A would likely be increasing over time (in order to maintain asset
operational capability as the asset ages).

69 Assuming constant water flow levels over the course of the study and given generator design is fixed once the asset
is brought into service, unless there are refurbishments that increase output.
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EP Interrogatory #31

lasue Number: 11.1
lssue: Is OPG's approach to Incentive rate-getting for establishing the regulated

hydroelectric payment amounts appropriate?

{nterrogatory
Reference:
Application Ex A1-Tab 3-Sch 2 and Attachment 1

CANSIM 'i‘able 383-0021: Multifactor productivity...in the Canadian business sector

CANSIM Tabla 383-0032: Multifactor productivity...in Electric power generation,
transmisslon and distribution

Statistics Canada maintains and updates the Canadian Productivity Accounts, and has multi-
factor and other productivity data for years going back to 1981. Data in CANSIM Table 383-
0021 indicate that levels of multi-factor productivity in the Canadian business sector fell in
eight of the eleven years 2000-2010 inclusive. In the industry category “Electric power
generation, transmission and distribution’, data In CANSIM Table 383-0032 productivity
levels fell in seven of those years. The following chart is based on the CANSIM tables

referenced above.

Witness Panel: Overview, Rate-setting Framework
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The LE| Updated Report used a study period of 2002-2014. According to Figure 27 of the
Updated Report, total-factor productivity growth was negative in five of those years.

The CANSIM data tend to support LEl's conclusion of declining productivity growth in the
study period used in its Updated Report. In the overlapping eight years, the CANSIM series
has 5 negative growth years and the mean annual growth rate is -0.25%, the Updated Report
(Figure 27) has 3 negative growth years and the mean annual growth rate is -0.54%.

In the Report of the Board in EB-2010-0379, the Board refers to the “long-run productivity of
the sector” (at p.15).

1. Please confirm that the study period used in the Updated Report was selected, in part,
because LE! could not obtain comparable data for earlier years.

2. Does OPG regard LE!'s study period as providing evidence on the "long-term productivity
growth rate" to which the Board has referred?

Witness Panel; Overview, Rate-setting Framework
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3. Do the charted CANSIM data suggest that the long-term productivity growth rate for

hydroelectric generation would be more accurately measured by examining a much
longer time period if the relevant data were avaliable?

4, Do the charted CANSIM data tend to support the conclusion thet the long-term

productivity growth rate for hydroelectric generation would be negative or zero if the
relevant date were available?

5. Might the fact thet levels of multi-factor productivity in the Canadian business sector fell in

eight of the years 2000-2010 plausibly suggest that the negative growth rate for hydro
reported by LEl had much more to do with factors and events external to OPG rather

than those factors suggested by LEI?

_6._Please confirm that for the 49 years from 1861-2010 inclusive, the mean productivity

growth rate for the industry category “Electric power ‘generation, transmission and
distribution” was 0.668% per year with a standard deviation of 3.347%. Energy Probe will
provide the charted data from CANSIM Table 383-0032 on annual productivity leveis.

Response
The following response was provided by LEI, except for part 2, which was prepared by OPG.

1.

Yes, while FERC Form 1 data is avallable going back to 1994, data for non-FERC
jurisdictional entities, such as Seattle City & Light and Southeastem Power
Administration, is not readily available going back for earlier years.

Yes, OPG believes that LEl's study and the period on which it was based provide
evidence on the long-term productivity growth rate of the North American hydroelectric

generation industry.

In the context of studying the productivity of the electricity distribution industry, Pacific
Economics Group observed dramatic changes in TFP results when 2012 data was added
to their 2002 to 2011 data set.’ PEG identified three unusual and one-time events that
appeared to create the largest impact, and updated the analysis to exclude those events.
In contrast, when two additional years of data were included in LEl's TFP study, the
negative 1 percent TFP values did not change (Ex. A1-3-2, p. 16). The consistency of
the TFP result supports the conclusion that the study period provides evidence of a long-
term trend.

No. The CANSIM data from Table 383-0032 Is for the broad electric utility Industry and
therefore includes productivity trends assoclated with other electric utility operations,

' Report of the Board: Rate Setling Parameters and Benchmarking under the Renewsd Regulatory
Framework for Onlario’s Eleclricily Distributors, EB-2010-0379, Issued on November 21, 2013 and as
corrected on Dacember 4, 2013, p. 16.

Witness Panel: Overview, Rate-setting Framework
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such as transmission and distribution, as well as non-hydroslectric generation. As such
this data I8 not specific to hydroelectric generation, It is worth noting that this data series
has been terminated by Statistics Canada and no data Is avallable subsequent to 2010.

. Without analyzing the CANSIM data further, it is difficult to draw concrete conclusions

with respect to correlation. That said, the data on multifactor productivity trends in the two
data series are showing a negative growth trend as implied in the question over the 2002-
2010 perlod. indeed, the CANSIM data shows a negative average MFP trend even if we
go back to the late 1980s.

. LEl has not investigated the CANSIM data and drivers of the productivity trends

presented it the data serles that have been highlighted in this question. On the other
hand, LEl has specifically calculated a total factor productivity growth trend for the

hydroelectric generation industry using actual operating data from North American peers

of OPG and OPG, ltself. It is clear in LElI's Report that the negative TFP trend estimated
for the hydroelectric industry is wholly based on drivers specific to inputs and outputs for
the industry and not extermnal factors as presupposed In the question

. LEI confirms that taking the average of year over ysar productivity growth rates for the

1961-2010 period results in 0.668% with a standard deviation of 3.347%. As noted in Ex.
L-11.1-6 EP-30, the data cited in this question is for the electric power generation,
transmisslion and distribution industry, of which hydroelsctric generation is only a small
part. :

Witness Panel. Overview, Rate-setting Framework
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Report of Pacific Economics Group Research, LLC

Turning first to the output quantity results, it can be seen that overall output quantity
grew at an annual rate of 1.30% per annum. Customers grew by an average of 1.55%
annually. In contrast, kWh deliveries and system capacity demand grew more slowly, with
each growing by 0.92% per annum, The fact that customers grew more rapidly than either
deliveries or peak demand means that volumes per customer and peak demand per customer
have declined, on average, over the sample period. Some of these declines clearly result from
the severe recession that took place in 2008-09; for example, kWh deliveries fell by 1.3% and
4.3% in these respective years. However, some of the decline in volumes and demand per
customer may be attributed to energy conservation policies that have been pursued in Ontario
over the sample period.*? Output declines appear to be especially pronounced atter 2006.

In Table 10, it can be seen that OM&A inputs grew at an average rate of 1.70% over
the sample period. In 2012, OM&A input quantity grew by 9.58%. This is nearly three times
the 3.28% growth in OM&A input quantity in 2011 and is by far the most rapid annual
change in OM&A input in any of the sample years. This increase is due to an 11.14%
increase in OM&A expenses in 2012,

Table 11 shows that capital input quantity grew at an average rate of 1.56% between
2002 and 2012. Capital investment grew by 3.58% in 2012 as compared to 1.30% in 2011.
The 2012 increase in capital input is more rapid than the trend in previous years.

Table 12 shows the change in overall input quantity. Overall inputs grew at an
average rate of 1.63% between 2002 and 2012, The 5.99% increase in input quantity in 2012
is more than twice as large as the annual change in input quantity in any year in the 2002-

2011 period.

32 On May 31, 2004, the Minister of Energy granted approval to all electricity distributors in Ontario to
apply to the Board for an increase in their 2005 rates by way of the third instalment of their incremental market
adjusted revenue requirement ("MARR"). This approval was conditional upon a commitment to reinvest in
CDM an equivalent of that amount. Consequently, in 2005 distributors brought forward, and the Board
approved. $163 million in CDM funding for distributors, an amount related Lo the third tranche of their MARR.
Subsequently, electricity distributors were permitted to apply for CDM funding as part of 2006 and 2007 rates.
Beginning in 2008 CDM funding was available to distributors through the OPA. In 2010, in accordance with a
directive from the Minister of Energy and Infrastructure, dated March 31, 2010, the Board was required to take
certain steps to establish targets for the reduction of electricity consumption and peak provincial electricity
demand to be met by certain licensed electricity distributors, as a condition of licence. Currently, to facilitate
achievement of those targets, distributors may access funding from the OPA and through distribution rates.

47
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3 Please find below the annual productivity growth rate that LE! has calculated for each utility
4  inthe sample of LEl's industry TFP study. OPG is the only Canadian peer.
5
6
7 Chart 1 - TFP index Growth - Average growth method (%)
8
Year | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | AVG
| 32| 59| 53| 11| 42| 11| 7| 67| 66| 66| 61 08| -0.40
IR 336 | 270 | 04| 374 | 828 502 | 970 | -51.4 | -120 | -19.2 | 725 | 408 | -1.44
I 507 | 177 | 152 | 70| 52| 124 | 196| 64| -33| 62| 138| 333 -0.82
Ameren .
WA 86 [ 204 | 27| -767| 468 62 26| 80| 61| 266| 210 237 -202
Avista 148 | 65| -59| 124| 13| 39| 32| 69| 243| 96| -142| 151 | 030
Duke 215| -267| e8| 128| 66| 47| -13| 29| -108| 63| 265| -31| -076
AN 507 | 357 | 80| -350| -18.2| 365 | 1103 | 222 | -134| 58| 651 | 381 | 3.41
1D Power 17| 29| 28| 394| 404 110| 163 | -100| 406 | -326 | -345| 94| 006
Pl 55| -161| -35| %65 -21.7| 00| 70| 83| 214| 47| -328| 204| 083
PG&E 03| 74| 145| 178| 61.0| -03| 96| 61| 133 | 501 | -23| -258| 544
Portland 43| 33| -94| 232| 49| 04| -1 62| 77| 88| 49| 49| 132
SCEAG 289 | -122| 122| 265| 60| -138| -37| o8| -134| 67| 25| -284| -3.26
Y 429 | 41| 78| 191| 42| 42| 69| 20| 283 97| 68| 171 -0.15
SEPA 502 | 108 | 122| 587| 09| 172| 284| 148 139 | 114 | 46| 57| 1.80
ES(;’,E; 142 | 132 | 372 -25| -701 21| 335 113| 96| 487 | -20.8 | -243 | -5.98
VA
L 66| 143| 206 95| 150| 405 303 | 198 | -125| 481 | -389| -17| 008
9
10

1
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February 28, 2017
EB-2016-0152
ENERGY PROBE RESEARCH FOUNDATION
NOTE ON DATA AGGREGATION

Energy Probe Research Foundatlon (“Energy Probe”) has reviewed the expert reports of London
Economics International (“LEI”)' and Pacific Economics Group (“PEG’ ) 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 lo 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 LE1 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 TI'P is -1.01% per year

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 LED’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”. !
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 contirm/discontirm LEI’s -1.01%

! 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™)
? See LEI Report at p.44.

*EB-2016-0152. 1T3.24. Chart 1 — TFP Index Growth — Average growth method (%), af 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:

e an additional column labelled COMPANY AVG which shows the average of the
yearly TFP growth rates for each company, and

e 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.’

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.

e 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%.°

o 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%.

e In the third approach, Table 1 contains 12 columns of ycarly 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@G’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.

3 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 | 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.

¢ Energy Probe used the Excel functions AVERAGE (.) and STDEV.S(.) for these calculations.

Page 2 of 15




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.

Page 3 of 15
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TABLE 1

Annual Total Factor Productivity Growth Rates in LEI Sample
Source: LEI Response to Technical Conference Undertaking J73.24

COMPANY

Year 2003 2004 2005 2006 2007 2006 2009 2010 2011 2012 2013 2014 AVG

oPG -3.20% 5.90% -5.30% 1.10% 420% 1110% -1.70% -16.70% 6.60% -6.60% 6.10% 0.80% -0.51%
AB Power 33.60% -27.00% 0.40% -37.40% -82.80% 50.20% 97.00% -51.40% -12.00% -19.20% 72.50% -40.90% -1.42%
AP Power 50.70% -17.70% -15.20% -7.00% -5.20% -12.10% 19.60% -6.40% -3.30% 6.20% 13.80% -33.30% -0.83%
Ameren -8.80% 30.40% 2.70% -76.70% 46.80% 6.20% 2.60% 8.00% -6.10% -26.60% 21.00% -23.70% -2.02%
Avista -14.80% 6.50% -5.90% 12.40% -11.30% 3.90% -3.20% -6.90% 24.30% -9.60% -14.20% 15.10% 0.31%
Duke 21.50% -26.70% 8.80% -12.80% -6.60% 470% -1.30% -2.90% -10.80% -6.30% 26.50% -3.10% 0.75%
GPA 50.70% -35.70% 8.00% -35.00% -18.20% -36.50% 110.30% -22.20% -13.40% 5.80% 65.10% -38.10% 3.40%
ID 1.70% -2.90% 2.80% 39.40% -40.40% 11.00% 16.30% -10.00% 40.60% -32.60% -34.50% 9.40% 0.07%
PacifiCorp 5.50% -16.10% -3.50% 36.50% -21.70% 0.00% -7.00% 8.30% 21.40% -4.70% -32.80% 20.40% 0.53%
PGEE 10.30% -7.40% 14.50% 17.80% -61.00% -0.30% 9.60% 16.10% 13.30% -50.10% -2.30% -25.80% -5.44%
Portland -1.30% 3.30% -9.40% 23.20% -14.90% 0.10% -1.10% 6.20% 7.70%  -9.80% -14.90% -4.90% -1.32%
SCERG 28.90% -12.20% 12.20% -26.50% 8.00% -13.90% -3.70% 0.80% -13.40% 6.70% 2.50% -28.40% -3.25%
Seattle -12.90% -1.10% -7.50% 19.10% 4.20% -4.20% -6.90% -2.90% 28.30% -9.70% -16.80% 17.10% -0.14%
SEPA 50.20% -10.80% 12.20% -58.70% -0.90% -17.20% 2840% 14.80% -13.90% -11.40% 34.60% -5.70% 1.80%
SaCal 14.20% -13.20% 37.20% -2.50% -70.10% 2.10% 33.50% 11.30% 9.60% -43.70% -20.80% -24.30% -5.98%
VA 6.60% -14.30% -20.60%  9.50% 15.00% -40.50% 30.30% 19.80% -12.50% 48.10% -38.90% -1.70% 0.07%
YEARLY AVG 14.56%  -B.69% 1.96% -6.10% -16.98% -2.21% 2017% -213% 4.15% -10.53% 4.18% -10.44% -1.01%

Page 4 of 15
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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 0.297)%.” Table 3 of the PEG Report presents the yearly MFP growth rates that PEG has
averaged.

It appears that, similar to LEL, 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) MI'P Index and compute the annual growth rates of that
aggregate index.

Energy Probe submitted interrogatories on the PEG Report on December 2, 201 6. Inits
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 papcrs 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.

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.“ Tt 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.
: EB-2016-0152. Interrogatories of Energy Probe Research Foundation, December 2, 2016
ibid, at p. 4:
i) AsLEl had done, please provide PEG's estimates of annual productivity growth for each company in
its sample and for each year in its sample.
'® EB-2016-0152. OEB Staff IRR, Exhibit M2/Tab | 1.1, December 14,2016. Schedule EP-002 at page 3 states:
h) The working papers provided in response to M2-11.1-OPG-| contain year-by-year productivity growth
rates for the individual companies in the sample.
' EB-2016-0152, OEB Staff M2 } 1.1 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. c:ompanies'2 from Column AE of the Indexes spreadsheet for the years 1996-2014
(its “featured sample period”'?) 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:

e an additional column labelled COMPANY AVERAGE 1996-2014 which shows the
average of the yearly MFP growth rates for each company, and

e 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. 4

e 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%.

e 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 gee PEG Report at p.46

13 ibid. T

. 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.

Page 7 of 15
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TABLE 2

Arowcl Mt Fackor Poducthity Gromth Rate i PEG Sample

Sowce Workbook:  M2-1L1-096 - Atzchment PEG-WP-1_ 20161214 XX

Spreadshest Indetes

Basedon Cutput Capedty CONPANY

Loparithwmie Annia Grouth Rates IVERASE
TER B M M 1% %0 M AR 2 M0 N5 26 W7 B8 A XD XU A2 M3 AU 16NN
Hebama Power I LOME O30 LTB 1M LM DT 0% X U 7 s X s, ST T R 1 L T S
{nion Bleethc DI ST I LB 006%  0SI% DAY LK 158% A4S QU% LI TR 4G 5% SRR MEE RS SR LTk
Aovlachizn Power S Q0% Lo% OO 2355% LGN AUk 20M% LI DO 100k LS OMM D% M4 Dm% 18 Rk LR OOl
s LM L LMY 06T% LDSE G 0B LISR ONY O7H 1S 7R M 0B% LGB ANI IBR M 2@%
Duke Erergy Progress SEROSEM OBW LBG 00 LB% 0% UM% GG LD A SE A6 M ISR DT LR LEB Ta% 006
Ok Erergy Caroitas IO W% G 208 I0% AW S16%  O7m%  0%E  OSh du% OBSh LR D5eh LI DIk S 163M% 134 L%k
Georga Poveet U0 AWM LY TSR 3% LM SASK 06%  033%  DAGE 230% I OGIK 6SN A% T LK LR 44 Q1
Green Mountain Power OBE LY G U e 107% MY M JIE 0SB Ali% LAk SHON SN SR B 0UR 40 16 Loh
tgana Power B L% BN 0% 2SR LM% O LG 0I5 LA 07X DOOK LN DOSh 04T LR 06 LBk LB Ak

ALLETE (Minnesota Power} 1 SBE 1NE AT GI% DO L% L0M RANE R 4% LIk A% 4RM AN L0 23 S 3 0.766%
NewVokSlebedichbes 7% ST 1% AMTh 4654 Z0BR 2% 34N 03 D4SK A6k MGk 3O IBG 1065 0fI0%  O3BK D1 1T LY
Paifi Gzs and Herfric 0% SE% LNK s L% % OSM% RSB 2% LS 34 TR LM% L0 OSI% 2%k 34K 1R 3B L2%
FacifiComp 0% Q6% AOMY 20K% DK LM% DB LM% 6% LM% 1R LBB 5% DHH A ST AN ASB 19 4
Dorland General Sectri IME AN L% % 6% 60 SN DM 1A% SR OBNK ISR LM 4B RERE SR LBS Tk M D804
b Sevice Companyof Color 14805 MM 250% LES 14BN LTk 0%E% 1% A% SI% M ESEY LGB AR DK 608 A L L806%
Puget Sound Enerzy T AN% LR Q0% 05K LOMN DBEY  ONGR 0M% R4 360% SEIE MG DI0K LNS% 0% DA BAR SIRG 3ARh
Rochester Gas and Hectrc SO LS LU 265 LR MG IS AN A% OBB CIM% BE 4B 3MD ME ATIE AN MBE T%E WM
SoutnCarolna Bectrie G 2406 L I LN A0 00N 2% LMEE DENE 03NS MG 0% CAK IR LI ION% L 1B 1B 7k
Southern Cabfomia Eson AT LMY A% 00NR  DAWN A2 O ITAY OIS BN M4% 15RO h ANR B% Anh S SR LI
Gafeicadhr AN LU LISY LEM AWM QTN UK QAN LM% LMGS 00 KSR DA 18 MR LR MK LAR UM 1
Vearly Average A4k LN L% O5I% L0U% LB LGk OB L% 0O 0% 4% 0SR20 OB0F DS 0P 499K ~1.5
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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. N
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 spleadsheet % 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

'* In its Indexes spreadsheet, PEG refers to MFP. In its Aggregalion 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.
' In extracting the data from the Aggregation spreadsheet, Energy Probe followed PEG’s practice and extensively
used the advanced Excel data-handling function SUMIFS.

Page 9 of 15



22

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,'’

Averaging across the row of YEARLY SUMSs, 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”'®. The standard
deviation of the YEARLY SUMs is 1.711%,

Energy Probe invites PEG (o confirm/disconfirm Energy Probe s above calculations of the
averages and standard deviations from the annual MEP growth rate data in the Aggregation
spreadsheel,

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. LEIl
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 LE] 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 LET has not done so.

17 See PEG Report at p. 50, Table 3.
'® See PEG Report at p.49.
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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 LET 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
expetts 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.” This raises the possibility that PEG and LEI have calculated and reported growth
rates in different ways. 1f 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 LED's reported growth rates are
logarithmic rates in order to determine their comparability with PEG s reported raies.

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 hy?othesis that the population productivity
growth rate differed from zero could not be rejected. g

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. .71 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 o seek their view
on an alternate explanation for the lack of statistical significance:. i.e., that there is (oo much

'% )f the one-period growth rate is g, then the logarithmic growth rate is In(1+g). If g=0.15 (15%), then the
logarithmic.growth rate is_[n(/.15)=0.13976. .. which, after rounding, might be reported as_14%. The logarithmic
growth rate is equivalent to the continuously-compounded growth rate.

“ EB-2016-0152, Exhibit M2, Tab 1.1, Schedule EP-001, p.3. Energy Probe had calculated the 8.40% standard
deviation using the data for LEl's TFP Index Growth in Figure 27 of the LE1 Report. PEG confirmed Energy
Probe’s calculation.

2 see PEG Report at p.60.
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variabilily 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 10 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 parameler is in fact
zero? Alternately, does the failure to refect simply mean thai, on the available evidence, there is
no basis for making any conclusion at all about the true value of that parameter?

¢. 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”?) 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.?®

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

2 See LEI Report, footnote 1 supra at p.48.
% As PEG and LE! 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.2%%

Energy Probe is interested to have the experts’ views on whether the use of the median CAGR or
any other patticular measure would be an‘improvement that would assist the Board in
determining the appropriate long-term MFP growth rate in this and future cases.

1t is apparent to Energy Probe that statistical significarice 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 i 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.”’

2 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

lzlaypothesis is not rejected.. - - ' . S :
CORRECTION March 14, 2017: The test described in footnote 25 incorrect because it tests the wrong null -

hypothesis. The correct null hypothesis states that the true CAGR is zero. Of the 20 CAGR’s, 11 are positive (+)

and 9 are negative'(<). The binomial probability of observing-11-+’s and-9-’sin-20 trials is-16.02%. Witha 5% -

significance criterion, the null hypothesis is not rejected.

7 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.

Page 14 of 15

26



TABLE 4
Compound
Annual
Growth

YEAR Rate
Alabama Power 1.525%
Union Electric -0.812%
Applachian Power 0.446%
Avista 0.269%
Duke Energy Progress -0.013%
Duke Energy Carolinas 1.519%
Georgia Power -0.526%
Green Mountain Power 1.335%
Idaho Power 0.851%
ALLETE (Minnesota Power) 0.702%
New York State Electric & Gas 0.809%
Pacific Gas and Electric 0.190%
PacifiCorp -0.456%
Portland General Electric -1.010%
Public Service Company of Color -0.955%
Puget Sound Energy -5.092%
Rochester Gas and Electric -4,162%
South Carolina Electric & Gas -1.551%
Southern California Edison 0.105%
Virginia Electric and Power 8.251%
Averags -0.154%
Madian 0.147%
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Excal Descriptive Statistics for COMPANY AVG

COMPANY AVG

Mean -0.010057292
Standard Error 0005923107
Median -0.006291667
Mode #N/A

Standard Deviation 0.02369243
Sample Variance 0,000561331
Kurtosis 0.943096795
Skewness -0.616698577
Range 0.09375
Minimum -0.05975
Maximum 0.034
Sum Y -0.160916667
Count 16
Confidence Level{95.0%) 0.012624805
Confidence Level-Upper Bound 0.00257
Confldence Level-Lower Bound -0.02268

Excel t-Test of Significance 5% for COMPANY AVG

COMPANY AVG
Mean -0.010057292
Variance 0.000561331
Observations 16
Hypothesized Mean Difference 0
df : 15
t Stat -1.697975569
P(T<=t) one-tail 0.055077416
t Critical one-tail 1.753050356
P(T<=t) two-tall 0.110154832
t Critical two-tail 2.131449546
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Excel Descriptive Statistics for LEI Sample

LEI TFP
Mean -0.01006
Standard Error 0.019053
Median -0.027
Mode -0.042
Standard Deviation 0.264006
Sample Variance 0.069699
Kurtosls 2.781212
Skewness 0.453311
Range 1931
Minimum -0,828
Maximum 1.103
Sum d -1.931
Count 192
Confidence Level(95.0%) 0.037581
Confidence Level-Upper Bound 0.02752
Confldence Level-Lower Bound -0.04764

Excel t-Test of Significance 5% for LEl Sample

LEI TFP
Mean ' . -0.01006
Variance 0.069699
Observatlons 192
Hypothesized Mean Difference 0
df 191
t Stat -0.52786
P(T<=t) one-tail 0.299105
t Critical one-tall 1.652871
P{T<=t) two-tail 0.598211

t Critical two-tail 1.972462




O NOOOWL A WN

30

Filed:2016-12-14
EB-2016-0152
Exhibit M2

Tab 11.1
Schedule EP-001
Page1of 3

Eneray Probe Interrogatory #1

Issue Number: 11.1
lssue: Is OPG's approach to incentive rate-setting for establishing the regulated

hydroelectric payment amounts appropriate?

Interrogatory:
Reference: Exhiplt M2

The parties appear to agree that methods of statistical inference can be usefully applied
In this case. For example, in its econometric cost analysis, the PEG report states:

Results of the econometric work for the cost model are reported in Table 7. The
table also reports the values of the ¢ statistic that correspond to each parameter
estimate. A parameter estimate is deemed statistically significant if the
hypothesis that the true parameter value equals zero Is rejected. This statistical
test requires the selection of a critical value for the test statistic. (p.75)

Regarding its analysis of output quantity specification, the PEG report concludes that

The estimated cost elasticities for the generation capacity and volume were
0.906 and 0.009, respectively. The parameter estimate for the volume variable
was not statistically significant. (p.48)

Both PEG and LEI| base their estimate of annual total factor productivity growth from
samples of hydro generators over certain time periods. Figure 27 in LEI's expert report
shows that the average TFP Index Growth for the years 2002-2003 to 2013-2014 was -
1.01%. In response to Undertaking JT3.24 following the Technical Conference, LEI
confirmed that the standard deviation of the annual TFP Growth rate in Figure 27 was
8.40% on a sample basis and 8.06% on a population basis.

Table 3 of the PEG report provides muitifactor productivity ("MFP") growth rates for the
years 1986-2014. For the 1996-2014 period, the mean annual MFP growth rate was
0.29% based on capacity and -2.03% based on volume. PEG did not provide the
standard deviation for either estimate.

Table 3 of the PEG report also shows that MFP growth for the period 2003-2014
averaged 0.05% per year based on capacity and -1.83% based on volume. Again, PEG
did not provide the standard deviations.
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EB-2018-0152
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Tab 11.1
Schedule EP-001
Page 2 of 3

On page 48 of the PEG report, PEG reports that the parameter estimate for the
volume variable was not statistically significant. Is this, as it appears, a regression-
analysis result? Please provide the full estimated regression equation, the statistics
typically calculated for the purpose of hypothesis-testing in a regression analysis,
and the summary statistics typically calculated for the purpose of assessing the
variance accounted for by the exogenous variables and the unexplained variance,

Please confirm/disconfirm that with a standard deviation of 8.4% in LEI's sample, the
population mean, if it lies within one standard deviation would lie between -9.41%

and 7.39%

To make the above more precise, please confirm/disconfirm that It is conventional in
statistical inference (relying on the Central Limit Theorem) to characterize the
sample mean as a normally-distributed random variable. Please additionally
confirm/disconfimm that on LEI's data, the population mean inferred therefrom lies
between -9.41% and 7.39% with a probability of 2/3.

Please calculate and confirm/disconfirm that the standard deviations for PEG's MFP
growth rates (i.e. capacity and volume) for the 1996-2014 period are 1.71% and
13.56% respectively.

Please calculate and confirm/disconfirm that the standard deviations for PEG's MFP
growth rates (i.e. capacity and volume) for the 2003-2014 period are 0.74% and
15.62% respectively.

The large standard deviation in LEI's sample of 8.4% suggests that the true
population mean growth rate may not be statistically different from zero. Please
perform the conventional one-sample statistical test of significance on LEI's sample
data in Figure 27 of its report. Please use a 2-tailed test and a 5% significance
criterion. Show all calculations and state the conclusion that PEG amives at, along
with any qualifying remarks that PEG feels are important.

Are PEG’s mean annual MFP estimates for capacity and for volume for 1996-2014
and for 2003-2014 statistically significant? Please perform a 2-tailed test using a 5%
significance level as was requested in the previous question e. Please show all
calculations needed to compute the relevant test statistic and state the conclusion
that PEG arrives at, along with any qualifying remarks that PEG feels are important.
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Response:

The following response was provided by PEG:

a)

b)

d)

e)

9)

Yes, this estimate was obtained econometrically and subjected to a standard
statistical significance test. Please see Table 7 of the report for further details of the
econometric work.

Confirmed.

It is confirmed that conventionally the sample mean is characterized as a normally-
distributed random variable. Assuming all of the assumptions of the central limit
theorem are satisfied, then the population mean inferred from LE|’s data lies
between -9.41% and 7.39% with a probability approximately equal to 2/3.

Confirmed. The standard deviations of PEG’s average annual MFP growth rates
using capacity and volumes as output are 1.71% and 13.56%, respectively. Please
see Attachment M2-11.1-EP, Tab 1.

Confirmed. Please see Attachment M2-11.1-EP, Tab 1.

Please see Attachment M2-11.1-EP, Tab 2. The t-statistic is -0.42 and the critical
value for the requested test is 2.201. Since .42 is less than 2.201, we cannot reject
the null hypothesis that the population mean is 0. However, we note that the small
sample can lead to inaccurate results when performing the requested test.

Please see Attachment M2-11.1-EP, Tab 1. The t-statistics for the 1996-2014 period
are 0.73 and -0.85 using capacity and volume as the output measures, respectively.
The t-statistics for the 2003-2014 period are 0.27 and -0.51 using capacity and
volume as the output measures, respectively. The critical value for the requested
test is 2.101. Since the absolute values of all four t-statistics are less than 2.101, we
cannot reject the null hypothesis that the population mean is 0 in any of the four
scenarios.



