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Report of the Board Ontario Energy Board

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

as fo¡lows:

The productivity component of the X-faclor is intended to be the external
benchmark which all distributors aÍe expected to achieve, lt should be
derived from objective, data-based analysis that is transperent and
replicable, Productivíty 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 lR and is a common feature of lR plans, These expected
productivity gains can vary by distributor and depend on the efficiency of a
given distrlbutor at the outset of the lR plan. Stretch factors are generally
lower for distributors thal are relatively more efficient.l2

The RRF Report stated that X-factors for individual distributors under this next version

of lR ("Price Cap lR") 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 lncentive 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 lncentive Rate Setting in Ontario" (the "Final PEG Report")13.

12 Ontarfo Energy Board. E8-2007-0673 Report of the Board on 3'd Generetion lncentive Regulalion for

Ontario's Electricity Distributors. July 14, 2008. p.12.
i3 Pacifìc Economics Group Research, LLC. Empirical Research in Support Of lncentive Rate Setting in

Ontario. November,2013. (hll ?A

FloeilEQ-llsæx-?01å!-!Ltpdl)
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6.2 Induatry TFP reaulte

6,2,1 lndustry TFP results using the average growth method

The restrlts for the indushy TFP stucly over the 2002-201.4 ¡reriod using the average growth
methocl suggest a TFP growth rate of -1,.01.%, as sumrnarizecl in Irigure 23.

Figure 23. Key TFP studyresults using the average growth method
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Figure 26, average growth r'âte for capital irrputs measutecl in MW was 0.15% over the 2002-

2014 period, with little year over year fluctuations. This result is to be expected fot a mature
lryclroelechic inclnstry as construction of new geueratiorr facilities is infrequent. O&M in¡rut
grort'th was higher than capital input at an average rate of 1.85% over the study periocl, anti
year over year fluctuations were greater. LEI calculatecl capital's share of input for this peer set

to lre on average 80%, and O&M share of input to be 20% (see Section 4.2.2 Íor more background
irrformation on in¡rut shares); annual input weights are listecl irr Figure 24. With more r,r'eiglrt

assigned to capital, the total input index growth rate is estimatecl to be 0,38% using the average

growth method, and year over year fluchlations are small, as sccn in Figurc 26.

'4l
London Econonrics-lnte-rnati<mal l,l,Ç

390 Bny Sbeet, Suite 1702
'I-oronto. ON, M5H 2Y2

r.r'rlu' lonrlortr.r'(Iì r.ìlìrt( s {'otìì
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Figure tl,lnput, ouþut and TFP index growth tatee ueing the average Srowth method
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LEI believes that negative TFP hends can be "expected" for mature hydroelectric businesses,

because of the fixed production capability, fixed capital stock and rising costs of maintetrance
tfuough the life cycle of a hydroelectric resource. As discussed earlier in Section 3.1, common
drivers of productivity include technological imovation and improved economies of scale.

However, for a mature hydroelechic business, great leaps forr,r¡ard in technology are exttemely
rare and econonries of scale are generally fixed as soon as the asset is built and put into
operation (although occasionally, refurbishments ând other capital programs can increase

enetg'y production due to advances in new equipment). In general, it should be expected that
output levels would be stable over time;óe capital inputs are constant (once a hydroelecbic plant
is put into service); and OM&A would likely be increasing over time (in order to maintain asset

operational capability as the asset ages).

6s Assuuring conshnt water llow levels over the course of the study anrl given generaúor desiSn is fixecl once the asset

is brought into service, rnless therc are refurbishments that increase olltput.

-4
l,ondo¡r lìcononrics lnternntionnl l.LC

390 Bay Sbeeb Suite 1702
Toronto, ON, MsH 2Y2
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l¡¡ue l{umber: ll.l
l¡¡u¡: l¡ OPG's approaoh to lnosntlw r¡ûê.6dt¡rrg for cgtabllshlng thr rcguhted
hydrochctrlc payment amounb approprlatc?

þEtra!¡lsry

10 R¡ilercnocr
11 Appllcatlon Ex Al-Tab 3€ú 2 and Attachmsnt I
12 ,,

13 CANSIM Table 3ES0021: Multlfactor produc'tMty...in thc Canadlan buCnee¡ cec{or
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CANSIM Tablc 383.0032: Multlhc-tor producliúty..,in Elec.trlc power gensratlon,

trensmlsslon and dlslrlbut¡on

Statlctlca Genada malnt lne end updatco the Canadlan Produc'tlvtty Acæuntg, and hag multl-
hc{or and othcr prodr.rcdvity dah lor ycars golng baok to 1961. Date ln CANSIM Tablc 3E3-
0021 lndlcets that lcwls of multl-faclor produdlvl$ ln he C¡nadlan buelnecs sedor fell ln
clght of thc clcwn ycarc 20004010 lncluslvc. ln thc lndurtry c.tcgory "Elcctrlc Poìillr
gcncratlon, tran*nl¡clon end dlstrlbutlon", date In GANSIM Tablc SEfl-0032 ptoduc{lvlty

lcvcls fell in s6vcn of thosc ycars. The following chail ls bassd on thc CANSIM tablcc
reúercncad abow.

Wtness Panel: Overvigw, Ratasett[tg Framework
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Multifactor Productivity lndex Levels
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The LEI Updated Report used a study period of 2QO2-2014, 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 LEI's conclusion of declining productivi$ growth in the
study period used in its Updated Report. ln the overlapping eight years, the CANSIM series
has 5 negative growth years and the mean annualgrowth rate is -0,25o/o', the Updated Report
(Figure 27) has 3 negative growth years and the mean annualgrowth rate is -0.54%.

ln 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 thatthe study period used in the Updated Reportwas selected, in part,
because LEI could not obtaln comparable data for earlier years,

2. Does OPG regard LEI's study period as providlng evidence on the "long-term productivity
grorann rate" to which the Board has refened?

Wtness Panel: Overview, Rate-setting Framework
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3. Do ttrc chailcd CANSIM data ruggcct thet thc long-icnn protludlvlty growth rate for
hydroclec{dc gcncratlon tvould bc morc aocumtâly mcesurctl by cxamlnlng a much
longcr tlme puiod lf the rclcwnt data wüc avallablc?

4. Do the charted CANSIM data tend to Eupport the concluslon thÊt the long-term
produc{lvlry growth ratc for hydroclcc'trlc gcncratlon would bc ncget¡vc or zcro if thc
relevanl data ursre avallable?

6. Mif¡ht the fac{ thet level¡ of multl-fador productfvlty ln the Canadian buslnees sector Ëll in
e¡ght of the years 2000-2010 plausibly suggeot thet thc ncgatlve growth rate for hydro
reported by LEI had much more to do with fastors and evente extemal to OPG rathe¡
then those fac-tors sugg€sted by LEI?

0, Pleaso ço¡flrm tha! for üe 49 yeao frqm 190J:2010 lnqluslvc, thc lLean pJodtrdvltll
growth ¡Etc for thc lnductry catêgory "Eleclrlc power'gencratlon, trensmlsslon and
distrlbuüon'was 0.666% per year wlth a standard dcvlatlon of 3.347%. Encgy Proþe wlll
provlde thc charted data from GANSIM Tablc 383-0032 on annual productlvity levels.

Re¡oonse

Thc follor¡vlng rcsponrê $ras provldcd by LEl, exccpt for pafi 2, trrhloh was prcparcd by OPG

1. Yee, while FERC Form I date ls avallable golng back to 19e4, dåte br non-FERC

Jurlsdictional entlties, sucì as Seattle Clty & Light and Southe¡Etcm Poucr
Admlnlshatlon, ls not readily avellable golng back for earller y€ers.

2. Ycs, OPG bellcves that LËl's study and thc pcrlod on whldt lt was bascd provldc
cvldcncc on thc long.term produdlvþ growth rate of the North Amcrican hydroelcc*rlc
generation lndustry.

ln thc conto( of sludylng the produoüvlty of lhe eledrlcity dlstributlon industry, Pacific
Economlcs Group obseryed dramatic changes in TFP results when 2012 date was edded
to thelr 2OO2 to 2011 dats set.l PEG identlfied three unusual and on+tlme evBnts thet
appeared to create the largest impact, and updated the analysis to exclude those events.
ln contrast, when two addilional years of dsta were included ln LEI's TFP study, the
negative I percent TFP values did not ohange (Þ(. A1-S2, p. 16). The consistency ot
the TFP result suppodg the conclusion that the sh¡dy Pedod provides cvldence of a long-
tcrm trend.

3. No. The CANSIM data from Table 383-0032 ls for th€ broad electric utlllty lndustry and
therebrc krcludes produc{lvlty trends assoclated with other eþdrb uüll$ operatlons,

1 Report of ürc Board: Rafa Seüûrg PanrîofËrs and Bønchmafulng undcrlhc RenewudRagulatory
F¡glmetrcûfor Onlazob Hættìcfly Didribufo¡s, EB-2010-0379, lsgued on Noromber2l, 2013 and ag
contdcd on Dscernber4, 2013, p. 16.
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euch ae transmls¡lon end dl¡Flbt¡tlon, äs wcll ae non-hydroelectrlc gcnêratlon. As such
thl¡ detr lc not apcolflo to hydroalectric gcncreüon, lt ls worth noting that thls dala eerlEs
has bccn tcrmlnatcd by Statistics Canada and no deta ls amllablc subs€quent to 2010.

4. Wlthout analyzlng thc GANSIM data further, lt le dfilcu¡t to draw concmte conclusions
wllh rcepcct to oonclation. That sald, thc data on multlfactor product¡vlty üend¡ in the two
date selfes are ehowlng a negatlve grorvth trend as impli,ed ln the guegtion overthe 2@2-
2010 perlod. lndccd, thc CANSIM data showe I negatlvê everag€ MFP trend even ll we
go back to the late 1990s.

5. LEI has not investlgated the CANSIM data and drivers of the productivþ hends
presentêd in the data sedes that have beEn hlghl¡ghted In this queelion. On the other
hand, LEI has epeciffcally calculated e total factor productlvlty groÀ,th trcnd fur the
hydroelectrlc gancratlon Industy uslng ac{ual operatlng data ftom Norlh Amerlc¡n peers
of OPG and OPG, ltself. lt ls clear ln LEIþ Repod that the negaüve TFP trend estimEted
for the hydroelectric lndustry ls wholly based on drlrcrs speclfic to ¡nputs and outputs for
thc indusüy and not sxtemalfactors as pret¡upposed ln the questlon

6. LEI conflrms that taklng the average of year over yðar produc'tMty growth rates br the
1961-2010 pedod rcsults in 0,668% with a etandard devlation of 3.347%. As noted ln Ex.
L-11,16 EP-30, the date cltcd ln lhla questlon ls for thE elechic power generation,
transmleslon and dlsfrlbuüon lndustry, of whlch hydroelcc'tric generation ls only a small
part.

\Mtness Panel: Overview, Rat+setting Frameworlt
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Report of Paclflc Economics Group Research, LLC

'I'urning first to the output quantit)/ results. it can be seen that overall output guarìl¡ty

grewatanannual rateof 130%perânnum. Custonlersgrewbyânaverageof l-55o/o

annually. In contrast, kWh delivelies and system capacity demand grew mol'e slowly, with

each growing 6y 0.92% per annum, 'l'he tàct that custorners grew more rapidly than either'

deliveries or peak demand rneans that volurnes per customer and peak de¡nand per custolner

have declined, on average, over the sample period- Some of'thcse declines clearly result fiom

the severe recession that took place in 2008-09: for examplc, kWh deliveries fell by L3% and

43%in these respective years. However. some of the decline in volunles and demand per

customer ma¡, be âttrihuted to energ)/ conservalion policies that have been pursued in Ontario

over the sample period.32 Output declines appear to be especially prorioutrced atier 200ó.

ln Table 10, it can be seen that OM&A iuputs grew at an average rate of 1.70Y, over

sam e per n tnput qu ty grew S s

the 3.28Vo growth in OM&A input quantity in 201 I 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 I l.l4%

increase in OM&A expenses in2012.

Table I I shows that capital input quantity grew at an average rate of 1.56% between

2002 and 2012. Capital investment grew by 3.58o/oin2012 as cornpared to 1.307o in 201l.

T\e 2Ol2 increase in capital input is more rapid than the trerrd in previous years.

Table l2 shows the change in overall input quantity. Overall inputs grew at an

average rate of 1.63% between 2002 and2012, The 5.99Y. 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-

201I period.

32 On May 3 l, 20M, the Minister of Energy granted approval to all èlectricity distribulors in Ontario to

âpply to the Board fbr an increase in their 2005 rates by way of the third instalment of their incremental market
adjusted revenue requirement ('MARR"). This approval was conditìonal upon a commitment to reinvesl in
CDM an equivalent ofthat amount. Corsequently, in 2005 distributors brought forward, and the Board
approvcd. $163 million in CDM funding for dis¿ributors. an amoun[ relaled to lhe third tranche of'their MARR.
Subsequently, electricity distribulors were permitted to apply for CDM funding as part of 2006 and 2007 rates.
Beginning in 2008 CDÌvl funding was available to distributors through the OPA. In 2010, in accordancc with a

directive from the Minister of Energy and lnfrastruchrre, dated March 3 I , 20 10, the Board wàs required to nke
certain steps to establish targcts for the reduction ofelectricity consumption and peak provincial electricity
demand to be met by certain licensed eleotricity distributors, as a condition of licence. Currcntly, to facilitate
achievement of those largels, distributors may access funding from the OPA and through d¡slr¡bution rates.

47
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PART I

Please find below the annual productivity growth rate that LEI has calculated for each utility
in the sample of LEI's industry TFP study. OPG is the only Canadian peer.

Chart I - TFP index Growth - Average growth method (0/o)
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ENERGY PROBE RESEARCH T'OUNDATION
NOTE ON DATA AGGREGATION

Energy Probe Research Foundation ("Energy Probe") has reviewed the ex^pert reports of London

Econãmics International ("LEI") | 
and Pacific Economics Group ("PEG")2, and their respective

responses and revised responses to its interrogatories and those ofother intervenors. Energy

Probe seeks further clarification on the experts' calculation and reporting of theil respective

productivity growth rales and intends to questíon 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 l'rom 2003 to 2014 and the resulting yearly Total-Factor Productivity
("TFP") gl'owth rate which is the difference between the two. Averaging over these^ twelve
yearly chãnges, LEI repofts that the average growth rate of TFP is -l .01% per year.3

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

average TFP gLowth rate, but notes that it may be sensitive to the rounding-offof the various
data that LEI has used in its calculation and leporting.

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 conÌpany 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 - I .0 I %o average TFP growth rate reported in Figure
27 relates to company-level data. Further to UndertakingJT3.24, OPG provided in hardcopy the

annual productivity growth rates that LEI had calculated for each company in its sample of l6
,ornponi., for eacñ year in the 12-year period 2003-2014 using its "average growth method".a
Energy Probe thanks OPG and I-EI 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/discontirm LEI's -l .01%

' ee-Z l0ò-Oi52. gihi¡it Ãt-l-2, Ãttachment l. EmpiricalAnalysis of Total Factor Productivity Trends Ín thc

Nolh Arnerican Hydroelectric Generation lndustry, February 19,2016. (the "LEI Report")

' e,B-20 l6-0152. Exhibir M2. IRM Design for Ontario Power Generation, November 23,2016. (the "PEG Report")
' See LEI Report at p.44.
n E8.20 l6-0 t s2. JT3.24. Chart I - TFP lndex Growth - Average growth method (%), at p. 2 of 4

Page I of15
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growth rate in Figure 27. To this end, it has conducted various stalistical calculations and

analyses, In addition to the conlpany growth rates provided by OPG, Table I below shows:

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

a

. 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.s

It is instructive to examinc thc data in Table l. The data can be averaged in three ways: over that
entire sample, by company, and by year.

o In the lìrst, there are 12x16:192 observations of the annual TFP growth rate. Energy
Probe has calculated the average annual TFP gr:owth rate thereof as approximately
-1,01o/o with rounding. trnergy Probehas also calculated the statrdard deviation of
26.4tJYo.6

ln the second, there are 16 rows in Table l, one for each company in LEI's sample, each

row displaying l2 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 I
range from 3.40% (GPA) Io -5.98To (SoCal). The mean of the l6 COMPANY AVG's
provides information on the "average compatty" in LEI's sample; that mean is -1.01%
with rounding and the standa¡d deviation is2.37%o.

In the third approach, Tablc I contains 12 columns of ycarly data, each displaying the

TFP growth rates of the l6 firms for each year in the period 2003-2014. Averaging over
the l6 firms' growth rates in each year, the YEARLY AVG shown in the final row of
Table I ranges from 20.1 7% (2009) Ío -16.98Vo (2007). The mean over fhe l2 YEARLY
AVG's provides informalion on the "sverage year" in LEI's sample period; that mean is
-1.01% with rounding and the standard devialion is 10.77%,

o

a

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 conlìrmed by its
own analysis of the company-level data.

t 
En.rgy Probe notes that LEI has formatted and displayed the percentage TFP growth rates to two decílnal places in

Figure 2? of its Report. ln Chart I of its response to Undertaking JTl.24, LEI fonnats and displays the percentage

company Eowth rates to one decimal plêce andlbila![p¿ny averages (AYG)fqfWs içclmalpoi¡!¡. Since Excel
stores nurnbers to l5 decimal places and calculations in Excel are perforrned on the numbers as stored, not as

forrnatted, it cor¡ld be that LEI's calculations are based on its data as stored, not as formatted and reported. Enerry
Probe worked with the hardcopy data as received. Accordingly, where LEI and Energy Probe have performed the

sarne calculation, there rnay be differences in the result,
u Energy Probe used the Excel functions AVERAGE (.) and STDEV.S(.) for these calculations.
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Energt Probe invites LEI to conJirnddisconJirm Energt Probe's above calculalions of the

averages and standsrd deviations from the annual TFP growth rute dala provided by OPG in

response to Undertaking JT3.24.
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TABLE 1

Ar¡nu¡l lotal F¡ctor P.oducüv{tv Grourdr h LEl S¡¡DCû

Source: LEI Response to Technical tT1.24

Year

CrottPAflT

8t¿ 2013 2014 AVc

OPG

AB Pot¡vef

AP Power

Arnefefl

Avila
D,uke

CPA

ID

PacifiCorp
pG&t

Portland

SCE&G

Seattþ

SEPA

SoCál

VA

YEARI.YAVG

-3.2ffi
33.6096

so.7û6
-8.80|x

-14.ffi
27.ffi
to.7ÛÁ

T.7M
5.sM

10.3096

-t.M
28.9096

-12-9ú
50.20|x

14.2ffi
6.ffi

14.56Yo

5.9096

-27.W6
-77.1ffi
30.Affi

6.50%

-26.7ú6
-35.7û6

'2.Wr
-16.1096

-7.M
3.w6

-ILZM
-L1096

-10.8096

-73.ZM.

-14.3096

-8.696

-s.3096

o.M6
-15.2ú6

7.7w
-5.Wo

8.8(f,6

8.0096

2.Wi
-3.Wo

14.5ü6
-9.M
7L2ú6
-7.*9Á

r2-2ffi
37.2ú6

-20.ffi6
1.96%

1.1096

-37.4{It6

-7.01ilo

-76.7|¡lo

lZ.Mo
-12.8096

-3s.mt6

t9.4û6
36.5016

t7.W6
23-7]ú6

-26.5úÂ

ß.1096

-58.7tYo

-2.5ú6

9-Sil,Yo

-6.1V"

4.2M
-82.ffi
-5.zrffi

46.80%

-11.:t0%

-6.@6

-L8.2füo

-¡m.¡rc96

-27.7ú6
-6L.Wo

-14.90%

8.fXf,6

1.zffi
-0_!It96

-7O.1iMù

15.ffi
-16.9896

II.IWo
fi.2Mn
-n-7ffi

6-21trn

3.ffi
4.7ú6

-36.1)l/o

11-OfFr6

o.ür%

{.3096

O.IV'6

-ß.90?6

4.2096

-L7-zffi
Ltt%

-¡t0.5Il%

-2-21%

-1.7úÁ

97-ffi6
79.ñrÁ
2-ffiÁ

4.2eÂ
-t-ffi

110.:X)96

76-3f'É
-7.ffi6
9.ffi6
-r.Lg9É

-3.7s%

-6.9096

28-Æx

33.50ß

30.30%

20.779d

-16.?ú6

-5LßÁ
-6.M
8.m%

-6.90%

-2.9[I%

-22-2ú"
-10.0096

8.wÁ
16.7ú/n

6.2úo
o.ffi

-2.Xr%

lLwrÃ
í-W"
19.8096

-L13Yo

6.ûi6

-3.30%

-6-1096

-6.6CPÁ

-19-2ün

6.2ú6
-26.60%

-9.60%

-6.Xi*
5.8096

-32-ffi
4.7M

-fr.|M
-9.8@6

6.1úþ

-9.7û6
-11.¡1{)%

-48.7oï"

48.lcl%

-10.5396

6.tffin
72.fr6
13.8096

2r-un6
-L4.2t9Í

26.fiYo

65.1096

-v.5ú6
-32.wÁ

-a3fJ,Á

-14.9ü6

2.sÊ4

-16.EWo

34.W.
20.ffi

-:t8.91096

4-L#o

0.8096

-40.9üÁ

-3t.3096

-23.79%

lr5.IWn

-3.|M
-38.10e6

9.ßYù

zo.w6
-25.W6

-4.90%

-28.Ma

L't.IM
-5-7tYn

-24.i3/JYo

-L.7Wo

-lo-4É,9É

-o5L%

-L.4ZYo

-0.8396

-2.O2Yo

{.31%
4.75Y8

3.i¡o96

o.o7%

0.53%

-s.4%
-L.?Z%

-f.2s%

-0.1496

1.8{D6

-s.989ú

0.0796

-1.01%

7.tM

9M
9.W"

4-15%

J
o)
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2, Analysis of PEG Growth Rntes

At page 49 of the PEG RepoÍ, 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

about0.29Yr." Table 3 of the PEG Report presents the yearly MFP growth rates that PEG has

averaged.T

It appeals 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 Decembe r 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.v

In its response to Energy Probe. PEG referred to several working papcrs and Excel workbooks
that it had provided in response to au interrogatory frotn 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.lo

From Energy Probe's review of PEG's working papers, it appeared that the infornlation it sought

was in Excel workbook M2-l l.l-OPc-Attachment PEG-WP-l 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 cerlain of its interrogatory
responses. In particular, Energy Probe requested that PEG confirm that the lndexes spreadsheet

was the document that PEG intended as its response to Energy Probe's Interrogatory #2 i).
Iìnergy Probe further requested that PEG confirm that the data in Column AE of that spreadsheet

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

the data source for that number.

On February 8,2017, PEG fìled its revised r".ponses.l' 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. lnterrogatories ofEnergy Probe Research Foundation, Decelnber 2,2016
e ibid, at p, 4:

I As LEI had done. pleasc provide PEG'9 g!!t!n4tet olannq4plodul¡iyi1y g¡oyth for gaçh ço¡npany !n
its sample and for each year in its sample.

'n EB-2016-0152. oEB SrafflRR, Exhibir M2rlab I l.l, Decenrber 14,2016. Schedule EP-002 at page 3 states;

h) The working papers provided in response to M2- I I . l -OPG- I contain year-by-year productivity growth
mtes for the individual cotnpanies in the sample.

rr EB-20 l6-0152. OEB SraffM2 | l,l Energy Probe 002 Revised IRR OPC 20170208
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PEG did not indicâte the location of the company-level data that it used to calculate its0.29Yo
âverage annual MFP growth rate.

a, PEG's Indexes Spreadsheet: Analysis of Column AE growth rates

Energy Probe has downloaded the MFP growtlì rate i¡rfrrrnration lk¡r PEC's "larger sample" of
twenÇ U.S. companies12 from Column AE of the lrrdexes spreaclslreet lbr the years 1996-2014
(its "tèatured sample period"l3) to an Excel spleadsheet. 'l'lte inl'ormation is displayed in Table 2

in a format that facilitates comparisons with the LEI tlata provided by OPC.

For comparability with Table l, Table 2 also shows:

a 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

o

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

averaged in three wâys: over that entire periocl, by company, arrd by yeat.'o

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

Energy Probe has calculated the average annual MFP growh rate thereof as 0.088...%.
Energy Probe has also calculated the standard deviation of 6.380/o.

In the second, there are 20 rows in Table 2, one for each company in the larger sample,
each row displaying l9 annual growth rates f'or the years 1996-2014. Averaging over the

l9 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

t.56%.

In the third approach, Table 2 contains l9 columns of yearly data, each displaying the

$owth 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 from2.46Yo
(1997)to -2.62Vo (2009). The mean of the l9 Yearly Averages provides information on
the "average year" in the featured sample period; that average is 0.088...% and the
standard deviation is l.35Vo.

12 See PEG Report at p.46

'3 ibid-'
ln En.rgy Probe notes that PEG has formatted and displayed the MFP growth rates in Column AE of the lndexes

Excel spreadsheet to two decimal places. In lable 2, Enerry Probe displays thc same data to three decirnat places.

This is possible because Energy Probe downloaded PEG's Excel data as stored (i.e.to l5 decimalplaces).

a

a
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As these averages drawn from the data in Table 2 differ from PEG's 0,29o/o figure, all that can be

concluded is that PEG's approach to aggregatíng company-level MFP data differs from LEI's
approach thereto.

Energt Probe invites PEG to confirm/disconfirm Energt Probe's above calculations of lhe

averages and standard devialionsfrom the annual MFP growth rale datafrom Column AE of the

Indexes spreadsheel.
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b. PEC's Aggregation Spreadsheet: Cost-Vúeighted 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-l L1-
OP6-Attachment PEG-WP-I_20161214.XLSX. Column I contains the MFP growth rates by

company and by year fol its featured sarnple of twenty companies over the years 1996-2014.'"

These growth rate data ale identical to the data in Column AE of the llrdexes 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 curlent-year cost share arrd the previous-yeat' cost shat'e

and multiplies by the current-year growth rate.

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

the MFP growth rate in 1996 was calculated as follows:

MFP growth raïe: 0.1 9o/o

1995 Cost share: 8.12%
1996 Cost share: 6.08%
Wei ghted MFP growth r ate: 0.7 9Yo x (8.1 2% + 6.08%)12 : 0.0 56%

Energy Probe has extractetl PEG's cost-weighted MFP grov/th rates lor each company and each

year of its sarnple from Column I of the PEG's Aggregation spreadsheet'u 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 perìod. Table 3 also has an additional row labelled YEARLY AVERAGE ìn 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%,

0.0860/0 and 0.37 4%o 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

't ln its lndexes spreadsheet, PEG refers to MFP. ln its Aggregation spreadsheet, PEG refers to TFP. Energl Probe

agrees that the two terms have identical rneanings and r¡ses MFP consistently in discussing and analyzing PEG's

data.
r6 ln extracting the data frorn the Aggregation spreadsheet, Energy Probe followed PEG's practice and extensively

used thc 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 glowth rates

reported in Table 3 of the PEG Report,r '

Averaging across the row of YtsARLY SUMs, Energy Probe finds that the mean is 0.288%
wlrich, upon rounding, becomes 0.29% which, as noted above. is the PEG.Report's "average
annual growth rate in the MFP of all samplecl US hydropower generatols"'0. The standard
deviation of the YEARI,Y SUMs is 1r711%,

Energt Probe inviles PEG lo conlirm/disconfirm Ener¡5, Probe's (tbove culculcttiotrs of lhe
uverages ttnd slundurd det,ittlionsfi'om lhe unnual MFP grou,th rale dula in the Agp'egdtion
spreadsheet.

3. lnterim Comparisons

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

replicated the procedures that PEG followed in obtainingits0,29Yo 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 the¡r
sample data into a final estimate of long-term industry MFP growth in very different ways. LEI
has obtained its estimated -1'}l% 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 its0.29yo est¡mate by summing its calculated weighted anrrual 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 prenrature to conclude that
LEI and PEG have undertaken very diffelent approaches to deriving their final aggregate
estimate from their underlying sample growth rate data. This hesitation springs, in paÍ, 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 ìn LEI's company-level data does not indicate that LEI has not done so.

It See PEC Report at p. 50, Table 3
rE See PEC Report at p.49.
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4, Other Issues

Energy Probe intends to raise the fbllowing related matlers al 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 irnportant 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.re 'fhis raises the possibility that PEG and LEI have calculated and reported growth

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

comparable to PEG's corresponding logarithmic rate where the formel is close to zerc,

However, solìte repofted growth rates in both expert reporls exceed 25%o so the differences nlay
be substantial.

Accordingly, Energy Probe seelç lt¡ determine v,helher LEI's reporled grou,lh rales are
logarilhmic rales in order lo deternine lheir contparability v,îlh PEG's reporled rules.

b. Variability and Statistical Significance

Errergy Probe Interrogatory #1. parts Ð 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 difiered from zero could not be rejected.'"

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 expef report. PEG argues for a longer sample period because it "more effectively smooths

theeffectsofvolatilityinthesample...,".'' ltappearsthatPEGisassertingarelationship
among sarnple size. variability of sample data, and the accuracy of tests of statistical
significance.

Energt Probe y,ishes to pursue thìs as.serre¿l relalìonship wilh lhe experls ctnd to seek lheir view
on an alternale explunation for lhe luck of slalislical significance: i.e., lhul there is loo much

't lf the one-period growth rate ìs g, then the logaritlrmic growth rate is ln(l+g). lfg:0.15 (15%), then the

logaritlrrnic.growthrateisln(1.15)4.l3976...which,.afterrounding,.might.be.reportedas-I47-o. Thelogarithmic
growth rate is eqrtivalent to the continuously-compounded growlh rale.
to EB-2016-0 152, Exhibit M2, Tab 11.1, Schedule EP-001, p.3. Energy Probe had calculated the 8.40%standard

deviation using the daø for LEI's 'IFP Index Growth in Figure 27 of the LEI Report, PEG confirmed Energy
Probe's calculation.
2r 

See PEG Report at p.60.
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valiabilily in the rJala, hence increusing the somple .çize v,ould nol necessurily reduce thal
vari.abilil),.

Energt Probe also v,ishes to have the experts' ,furlher vieu, on lhe proper inlerprelalion oJ'a

.foilure lo reiecl the null h¡tpothesis in a convenlionul slatislical lesl. In purliculct, does lhe

failure to reject the null hypothesis provide evidence that the tnrc populalion ¡tartrmeler i,r in.fact
zero? Altcrnately,doe,sthe.þilure tore,iectsimplymeanthat,onlhca',,ailable ettidence,lhere is

no basis,for making an)t conclusion (tl all (tbout the true t'alue ofthat parameler?

c. The Research Question

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

âbove, 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 induslry
TFP growth oveithe study peLiod"22¡ as determirring the average productivity performance of the

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

It appears that PEO 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 Growfh 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
hydroel ectric generation,

One such alternative is the conventionalcompound annual growth rate ("CAGR.'). The CAGR
calculation requires only fwo 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 nìeasure of centraltendency. 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 I nt¡tru at p.48.

tt As PEC and LEI are undoubtedly very farnÌliar with CACR calculations, it is not necessary to discuss the relevant

mathernatics in this Note.
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af1þctcd by exUemc values than the average, Secondly, it requires onty th9 cndpoints of the

samplo poiiod and is unaffec'ted by thc inherent vadabilþ in thedafc, Thirdly, a negative

aver-agcproductivity growttr rate is unacceptable !o tho policymaker.

Tab in PBO's larger

sa¡n e' The avenge is

-0.1 estimato is

statistically significant.2a'23'r

Energt Prube ìs ln erelted to hne the experts' views on whether the use of the median CAGR or

any îther pattícular measure would he an'ìrhpovement thal would assisl lhe Board in

aeþrntntng the approprìate long.term MFP growth yr: t, lhis øndfuture,csses.

It is apparent to Enøry Probe that statistical significancg I n

the moit imporunt'criterion for deciding which long4erm

adopt for the p¡uposes of incentive regulation, Indeed, En
policy of rejeãting proposed negative grou/ü rates even if tlre supporting research could

ãemonshate sÞtistioal signifioance in the oonvsntional murner

Sìnce, qs Il appears, neither of the expetls' MFP Wwth eúìmales ale slalistlcaþ significant,

Energt Plbi is of the vìew that thø parties atd tl*ir experts should putþrward other crltetlø

thatñe Board coild conslder ín waluating the two experls' recommended long-tertn MFP

gtot4,th rate.27

2a ïhe ôonvcndonat ohc-sanplÞtw

" Tho a slgn hst. OfÚrc 20 CAGR

binom b oútcomeisryproximataly ull

hypothæis is not rejcctcd. ' ' ':

ilöOnnpC'nOÑMercn.l4,20l?r Tbo rcs dcsofib€d in footooto 25 incorrçctbocausÊ it tÊsts tlro wrong null .

æ CAGR is zsto. Of tto ?0 CAGR's, I I arc positivo (+)

ing-ll-+!s and 9 -?s in-20 tiale ìs-16.02%. Wiûra 5%

rrrormding sample sizo, Energl Ptrobç slgges lh¡L in
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TABLE 4
Compound

Annud
Growth

R¡trYEAR

Alabama Power

Union Electric

Applachian Power

Avista

Duke Energy Progress

Duke Energy Carolinas

Georgia Power

Green Mountain Power

ldaho Power

L.523%
-0.3r2%

o,44,69l,

o.269¡9l

-0.0rr%
r.5t996

-0.526%

1.335%

o.8sr%
ALTETE (Minnesota Power)

New York State Electric & Gas

Pacific Gas and Electric

PacifiCorp

Portland General Electric

Public Service Company of Color

Puget Sound Energy

Rochester Gas and Electric

South Carolina Electr¡c & Gas

Southern California Edison

Virninia Electric and Power

Avrn3r
Mrdlrn

o.t029É

o.809%

o,190/%
-0.¡ls6%

-1.010%

-o.9ss%
-s.s92%

-4,t6'296

-1.551%

O.lOSYo

E,23L%

-o.r5496

o.tÃ7%
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Erccl Dæcrlptlvc Strtl¡tkl for COMPANV AVG

AVG

Mean
Standard Êrror

Mcdlan

Mode

Standard Devlâtlon

Sample Variance

Kurtosls

Skewness

Range

Mlnlmum
Maxlmum

Sum .ì

Count
Confìdence Level(95.0%)

-0.010057292

0.005923107
-0.006291667

fN/A
0.02369243

0,000561331

0.943096795
-0.616698s77

0.09375
-0.05975

0.034
-0.160916567

16

0.012624805

Conf ldence Level-Uppcr Bound

Conf ldcnce Level-Lower Bound

0.00257
-0.02258

Ercel t-Têst of Slgnlllcancc 5?6 for COMPANY AVG

AVG

Mean
Varlance

Obseruations

Hypothesized Mean Difference

df
t Stat

P(T<=tlone-tail
t crttlcalone-tall
P(T<+)rwo-tâll
t Crltlcal twlta¡l

-0.010057292

0.000561331
16

0

15

-1.697975569

0.055077416
1.7s3050356
0.110154832
2.131449546
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Excol D¡¡clptlyc.Strtl¡tlc¡ for lGl Srmph

LEI TFP

Mean

Standard Error

Medlan

Mode
Standard Devlatlon

Sample Varlance

Kurtosls

Skewness

Range

Mlnimum

Maxlmum

Sum "
Count
Confldence Level(95.0%l

-0.0r006

0.019053
-0.027

-0,042

0.264006

0.069699
2.7812t2
0.453311

1,931
.0.828

1.103
-1,931

L92
0,037581

Confldence Level-Upper Bound

Confldence Level-Lower Bound

Exccl t Toet of Sltnlllcencc 596 for [El Sample

0.027s2
-0.04764

LE' TFP

Mean ;

Varlance

Obsewatlons
Hypotheslzed Mean Difference

df
t stat
P(T<=tlone-tall
t cr¡tical one-tall

PIT<=tl trvo-tall
t Criticaltlvo-tall

-0.01006

0.069699
192

0
191

-0.52786

0.299r05
1.652871

0.598211
t.9?2462
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Flled:201&12-14
EB-20104152

Exhlblt M2
Tab 11.1

Scheduþ EP-001
Pagel of3

Encrov Probc lnlcrtoqatorv #1

l¡sue Number: ll.l
Irgul: ls OPG's approach to incentive rate-setting for establiehlng the regulated
hydroelectrlo payment amounts appropriate?

E!ge!r9ss!9rr:

Reference: Exhlblt M2

The paniee appear to agree that methods of statisticalinference can be usefully applied
ln thie case. For example, in its ecuometric cost analysis, the PEG repoÉ states:

Resulte of the econometric work for the cost model are reported in Table 7. The
tablc also rcports the values of the f statistic that colrespond to each parameter
estimate. A parameter estimate is deemed statìstically signiftcant if the
hypothesis thatthe true parameter value equals zero ls relected. This statistical
test requires the selection of a crltical value for the test stât¡stic. (p.75)

Regarding lts anal¡rsls of ouþut quantity speciftcation, the PEG report concludes that

The estlmated cost elastlolties for the genenation capaclty and volume werc
0.906 and 0.009, respectively. The parameter estimate for the volums variable
was not statistically signlficant. (p.48)

Both PEG and LEI base their estimate of annual total facfor productivity growth from
samples of hydro generalors over certain time periods. Figure 27 in LEI's expeÉ report
shows that the averege TFP lndex Growth for the years 2002-2003 lo 2O13-2O14 was '
1.O1o/0. ln 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
8.4Ùo/o on a sample basis and 8,0ô% on a pqpulation basls.

Table 3 of the PEG report provldes multifactor productivity ('MFP") growth rates for the
years 199G2014. For the 1996-2014 period, the mean annual MFP growth ràte was
0.29% based on capaci$ and -2.03o/o based on volume. PEG d¡d not provide the
standard deviatlon for either estimate.

Table 3 of the PEG rcportalso showsthat MFP gr-owtt for the pedod 2-003-2014
averaged 0.05% per year based on capacity and -1.83% based on volume. Agaln, PEG
did not provide the standard deviatlons.
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Flled:2010-12-14
EB-2016-0152

Þùlblr M2
Tab f .1

Schedule EP401
Page 2 of 3

a) On page 48 of the PEG report, PEG reportg lhat the parameter estimate for the' 
volrime variable was not statistically slgnlflcant. ls this,. as lt appeac, a regression-
analyels result? Please provide the full estimated regression equation, the stEtiEtics

typically calculated furthe purpose of hyp lysls'
ân¿ t¡é Bummary statletics $pically calcu the
vadance accounied forbythe exogenous lance.

b) Please confirm/disconfirm that with a standard deviation of 8.4o/o in LEI'g sample, the
population mean, if it lies within one standard devlatlon would lle between -9.41o/o

and 7.39olo I

c) To make the above more preclse, please conflrm/dlsconfirm that lt is conventlonal in

statlstical inference (relying on the Central Limit Theorem) to charaoterize the
sample meen as a normally-distilbuted random variable. Please additionally
confirm/disconfirm that on LEI's data, the populatlon mean inferred therefrom lies
between -9.41o/o and 7.39% with a probabillty o12/3.

d) Please calculate and conflrm/disconfirm that the standard deviations for PEG's MFP
growfh rates (i.e, capacity and volume) for the 1996-2014 period a¡e 1.7'lo/o and
13.56% respectively.

e) Please calcuhte and confirm/disconfirm that the standard deviations for PEG's MFP
grovuth rates (i.e. capacity and volume) for the 2003-2014 period are 0.74% and
'l 6.620/o respective ly,

0 The large standard devlation in LEI's sample ol8.4o/o suggests that the true
population mean growth rate may not be sùatistically difrerent from zero. Please
perform the conventional one-sample statistlcal test of slgnificance on LEI's sample
data in Figure 27 of its report. Please use a 2-tailed test and a 5% sþnificance
criterion. bhow altcalculations and state the conclusion that PEG anives at, along
wÌth any qualiffing remarks that PEG feels are important.

g) Are PEG'E mean annual MFP estimates for capaci$ and for volume for 1996-2014
and for 2003-2014 statlstlcally slgniflcant? Please perform a 2-tailed test using a 5%
sþnfflcance level as was requested in the previous question e. Please show all
crilculations needed to compute the relevant test statlstic and state the conclusion
that PEG arrivss at, along with any quallffing remarks that PEG feels are important.
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Response:

The following response was provided by PEG;

a) 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.

b) Confirmed.

c) lt 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 satisfìed, then the population mean inferred from LEI's data lies
between -9.41% and 7,39% with a probability approximately equal lo2l3.

d) Confirmed. The standard deviations of PEG's averege annual MFP growth rates
using capacity and volumes as output a¡e 1.71o/o and 13.56%, respectively. Please
see Attachment M2-11 ,1-EP, Tab '1 

.

e) Confirmed. Please see Attachment M2-1 1 .1-EP, Tab 1.

0 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,

g) Please see Attachment M2-11.1-EP, Tab 1. The t-statistics for the 1996-2014 period
are 0.73 and -0.65 using capacity and volume as the output measures, respectively.
The t-statistics for the 2003-2014 period a¡e 0.27 and -0.51 using capacity and
volume as the output measures, respectively. ïhe critical value for the requested
test is 2.10"1. Since the absolute values of allfour t-statistics are less than 2.101, we
cannot reject the null hypothesis that the population mean is 0 ln any of the four
scenarios.


