Alternative Energy Measures

Katherine A. Klemmer
and
Joseph L. Kelley

Katherine A. Klemmer
and Joseph L. Kelley are
economists in the Office
of Prices and Living
Conditions, Bureau of
Labor Statistics.

Comparing PPl energy indexes
to alternative data sources

The trend in measures constructed using
alternative sources of price data for energy
products tracks fairly well

with changes in the Producer Price Index

duces a family of indexes, called Proas inputs to their operations. Intermediate goods

ducer Pricelndexes, that measure thanclude flour, cotton yarn, steel mill products, and
average change in prices received by domeslignber. Crude materials are defined as unprocessed
producers for their output. These indexes, ugommodities entering the market for the first time,
dated monthly, are published at numerous lesuch as crude petroleum, natural gas to pipelines,
els of product aggregation and in a variety ajravel, sand, steel scrap, and coal.
classification schemes. PeriodicalbLs re- Movement in aggregatess, including move-
views its indexes by comparing them with alment in the stage-of-processing indexes, is driven
ternative measures of price trends. This articla large part by the price fluctuations for energy
presents the results of one such test, which foemmaoditiesThis is due to the large relative im-
cuses on the important and price-volatile grouportance of energy product indexes in the aggre-
of energy commodities, as arrayed within gatepPps, as indicated in the following tabulation:
stage-of-processing system of price indexes.

T he Bureau of Labor Statistics pro-cally complete goods purchased by business firms

Stage-of-processing Relative
Background category importance

The stage-of-processingdP system is one of ~ Finished energy goods
the primary classification schemes use@by ﬁrs]ish%%rtg%fotgg __________________ 13.575
to develop Producer Price Indexes). The  |ntermediate energy goods
sop indexes are commodity-based measures as a part of total
that regroup commodities at the subproduct intermediate materials........ 13.132
classt according to the class of buyer and the Crude energy materials
amount of physical processing or assembling as a part of FOtaI

crude materials................... 36.173
the products have undergone. There are three
major, or aggregatesop categories of goods:  Historically, Crude, Intermediate, and Finished
finished, intermediate, and crude. FinishednergyPpPis experience large month-to-month
goods are defined as commodities that are reaglice fluctuations. (See chart 1.) For example, the
for sale to the final user, which could be eitharpi for Crude energy materials increased 11.1
an individual or a business firm. Examples inpercent in November 1996 and 19.3 percent the
clude bread, gasoline, apparel, and passend@iowing month. One of the factors driving this
cars. Intermediate goods are materials, suipcrease was a rise in natural gas prices: the in-
plies, and components that have bpariially dex for Natural gas increased 33.8 percent in
processed but require further processing. Intédovember 1996 and 39.9 percent in December
mediate goods also consist of nondurable, phy4i996 due to low inventory levels. With storage
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levels already low due to the previous year’s severe wintdished measures for the period January 1995-December 1997.
the early onset of winter weather in 1996 caused a furth€8ee exhibit 1 for a list of theri series selected for study and
drawdown of natural gas inventories, creating concern ovtre alternative data sources used.) Means and variance tests
supply shortages. The Crude energy materials index subsee used for statistical analysis. (See appendix.)

guently showed large decreases of 17.9 percent in February

1997 an_d 21.3 percent in March 1997,.as prices for natukigtistical test methodology

gas declined from the previous year’s high.

Another example of energy price volatility occurred inConducting statistical tests to compare two data sources has
1990, as the result of Irag’s invasion of Kuwait. This eventertain advantages and limitations. These tests do not indicate
caused sharp increases in crude and refined petroleum prit¢hs,accuracy of the data or how closely the data reflect actual
in anticipation of oil shortages caused by the hostilities. Imarket price movements. However, they can provide insight
August 1990, the Crude energy materials index increased 2o the similarities or differences between the data being com-
percent and the Finished energy goods index rose 8.96 peared. Specifically, the tests can show the extent to which the
cent. Theepifor Crude petroleum increased 62.4 percent andhta sources have similar movements, and the extent to which
theppifor Gasoline was up 17.4 percent over the same monthe variances of the data sources are comparable.

Given the volatility of theps for energy commoditiesl.s Two tests were used to compare Hredata series being
periodically reviews the indexes. Such reviews include checkgamined to similar data from alternative sources. The first
on methodology, analysis of trends, and, recently, a rigorousas a means test, conducted to determine if these series have
comparison to movements in prices for energy commoditiesgnificantly different average month-to-month percentage
published bysLs and other statistical agencies. changes. Second, a variance test was conducted to compare

In the sections that follow, the movements of sevaral the monthly movements of the two data series. The methodol-
for energy products are compared with trends in other pubgy for these two tests is presented in the appendix.

e .Ml Month-to-month percent changes in the Producer Price Indexes for Crude, Intermediate, and Finished

energy goods, January 1990-March 1998
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m Selected Energy product indexes and corresponding alternative source data
Index Index Alternative source data
number

PPI10531 Natural gas (Crude materials) Energy Information Agency Natural gas dIta
PP10561 Crude petroleum (Crude materials) Energy Information Agency Crude petroleym data
PP105730201 Fuel oil #2 (Finished goods) Energy Information Agency Fuel oil #2 dgta
PPI0571 Gasoline (Finished goods) Energy Information Agency Gasoline data
PP10541 Residential electric power (Finished goods) cpi for Residential Electric power
PPI10551 Residential natural gas (Finished goods) cpifor Residential Natural gas

Performance measures and “futures” prices are not included, becauserthés in-

tended to reflect the selling price for output being shipped in

Most of the information used in calculating Producer Pri¢ge reference month, notin some other period. Changes in trans-
Indexes is obtained through systematic sampling of the miigrtation costs are reflected in industry price indexes only when
ing, manufacturing, and service sectors of the ecorfoffiye  the producing company delivers the product itself, rather than
energy industries covered by tainclude crude and refined hiring a third-party shippér.
petroleum, natural gas at the wellhead, electric and natural ga&or the purposes of theel program, a price is defined as
utilities, and coal. Measures, or indexes, of price change cle net revenue accruing to a specified producing establish-
sified by industry form the basis of tiel program. These ment from a specified kind of buyer for a specified product
indexes reflect the price trends of a constant set of goods ahigpped under specified transaction terms on a specified day
services that represent the total output of an indtiioy.ex- of the month.Although the same product usually is priced
ample, the crude petroleum index includes both the Eastgranth after month, itis necessary to provide a means for bridg-
and Western petroleum producing regions of the United Stateg. over changes in detailed specifications so that only real
The electric power and natural gas utilities indexes cover fiéce changes will be measured. Such an adjustment is espe-
residential, commercial, industrial, and “other” sectors.  cially important when an existing product is replaced by a new

In theppiprogram, the preferred price to be collected is fe@ne. Even when companies report their selling prices based on
an actual shipment that occurred as close as possible toaltgred transaction terms (such as price per 1,000 sold, instead
pricing date. The pricing date is the Tuesday of the week cohprice per 100), routine steps are taken to ensure that only
taining the 13th day of the month, and can range betweentiwe price changes influence the index.
9th and the 15th of the month. There are exceptions to theBecause the Bureau of Labor Statistics publishes price in-
Tuesday pricing date for some products, however. A numigexes rather than the prices themselvesitheneasures can-
of farm products are priced on a day of the week other thaet be directly compared to published prices from other
Tuesday. Prices for some refined petroleum products are cé@idrces. To perform the analysis presented here, month-to-
monly an average of prices during the first 10 working days@ionth percentage changes were calculated from the Producer
the month or the prices received by oil refineries on the teftfice Indexes. These changes were then compared with month-
working day. Price indexes for liquefied petroleum gas, sortfemonth percentage changes in the alternative data sources.
industrial chemicals, and compact discs and audiotapes ardhe alternative source data used include data published by
based on data for the calendar month as a whole, and therdftgd=nergy Information Administratiogif), and data from
lag 1 month behind other indexes. The November index fbe Consumer Price IndexHji), which is produced by the
liguefied petroleum gas, for example, would reflect priddureau of Labor Statistics. The function of Hweis to pro-
changes that actually occurred in October. vide information to decisionmakers on energy policy issues.

Although most prices reportedaos are the selling prices The primary users of theia data include the congress, the
of selected producers that are referred to as free-on-bodr&. Government, the energy industry, academia, the media,
(f.0.b.) point of production, some prices are those quoted @mrd the publi¢. The major users of theri include the Fed-
organized commodity exchanges or at central markets. Téigl Reserve Board, the congress, government, business ex-
practice is most often applied to farm prodid®der prices ecutives, labor leaders, and the public.
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(el Ml Month-to-month percent changes in the Producer Price Index for Natural gas (PPI0531) and elA Natural

gas wellhead prices, February 1995-December 1997
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TheElA andcpidata sources are described in detail belowith the corresponding changes in e data.
An accompanying chart compares the month-to-month per-
centage changes in theland in the alternative data sourceglA Fuel oil #2 data. Each month, thelA publishes data on
prices of refined petroleum, as obtained from Feimx/82A—
Refiners’/Gas Plant Operators’ Monthly Petroleum Product
Sales Report, and Forma-782B, Resellers’/Retailers’
The Energy Information Administration collects large amounkdonthly Petroleum Product Sales Report. This survey col-
of energy product data. This information is valuable becaugets data on a monthly basis from respondents who either di-
of its variety, and includes data on prices, production, and safesfly or indirectly control a refinery or gas plant facitfy.
as well as detailed breakdowns. Chart 4 compares the month-to-month percentage changes in
TheEIA publishes monthly average prices for natural gagPpPifor Fuel oil #2 to changes in tiges data.
crude oil, fuel oil #2, and gasoline. While these data are useful
for purposes of this analysis, it should be noted that the p&l Gasoline data TheElA survey forms described for Fuel
lished prices represent full-month averages, as opposed t@il #2 are the same ones used to collect Gasoline data. Chart5
data, which pertain to a specified pricing date within the mongtempares the month-to-month percentage changes rpthe
Also, final data from thelA are available after a 2- to 3-montHor Gasoline to corresponding changes ingtaedata.
lag, while Producer Price Indexes are published for the ex-

press purpose of month-to-month analysis of price Cha”geComparisons with the cpi

Comparisons with EIA data

EIA Natural gas data Final monthly average data on naturdfor purposes of this analysepidata also were compared with
gas prices at the wellhead are obtained from Fei¥627 CPIdata, primarily because of the quality of both data series.
and FormeiA-176, along with numerous other data related But, while both the°piandcpi are measures of price change
natural gas production. Data on all aspects of monthly a@er time for a fixed set of goods and services, they differ in
annual natural gas production, including wellhead prices, & critical areas: (1) the composition of the set of goods and
collected using Formia-627. The appropriate State agencieggrvices, and (2) the types of prices collected for the goods
participate voluntarily in the survey. States complete the foand services included.
by collecting information from natural gas producers. Form The target set of goods and services included irihis
176 is a mandatory form, and wellhead price data from titiee entire marketed output of U.S. producers; thus, imports
form are used here in cases for which-627 wellhead price would be excluded. The set includes both goods and services
data are not available. Form 176 data are collected diregtlychased by other producers as inputs to their operations or
from field, well, or processing plant operators, synthetic na@s capital investment, and goods and services purchased by
ral gas plant operators, underground natural gas storageasmsumers, either directly from the service provider or indi-
erators, investor and municipally owned natural gas distribectly from a retailer. In contrast, the target set of items in-
tors, and interstate and intrastate natural gas pipeline congiaded in theepiis the set of goods and services purchased by
nies. Estimates for monthly natural gas prices are basedugpan U.S. households; this set includes imports. This differ-
the change in production-weighted gas prices from Kansgsge in the target sets of goods means that, whilertiipgro-
Mississippi, New Mexico, Oklahoma, and Texas. The gas pgram collects prices only for electricity and natural gas sales
duction from these five States represents approximately 'd@de to residential consumers, treprogram also collects
percent of total U.S. production, and its prices are readily avaitices for sales to commercial and industrial consumers.
able. Final revisions to treA monthly natural gas wellhead The other area of difference between rheandcpl is in
price data are made when the final annual data reported oriligetype of price collected. The price collected for an item
forms described above become available. This means thatifieduded in therpiis the revenue received by the producer.
current year’s prices are estimafe@hart 2 compares theSales and excise taxes are not included because they do not
month-to-month percentage changes irrtnéor Natural gas represent such revenue. The price collected for an item in-
to changes in theia data. cluded in thecpiis the out-of-pocket expenditure by a con-
sumer for the item. Sales and excise taxes are included in the
ElA Crude oil data TheEIA publishes first-purchase pricescollected price because they are necessary expenditures by the
for domestic crude oil on a monthly basis. These data, copnsumer for the item.
lected on FornglA-182—Domestic Crude Oil First Purchase More significant differences in tlaPi andppioccur as the
Report, are average wellhead price data from petroleum pawer level indexes are aggregated into higher level indexes.
ducers, and represent the average price at the wellhead at whidh is because tt@ri and theepihave different intended ob-
domestic crude oil is purchastdChart 3 compares the monthjectives and uses. A primary use of tiveis to deflate revenue
to-month percentage changes in pRefor Crude petroleum streams in order to measure real growth in output. The objec-
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(eI, "Bl Month-to-month percent changes in the Producer Price Index for Fuel oil #2 (PPI05730201) and EIA
Fuel oil #2 prices, February 1995-December 1997
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(& [« I’ Bl Month-to-month percent changes in the Producers Price Index for Gasoline (PPI0571) and EIA Gasoline
prices, February 1995-December 1997
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tive of the_(?Pl program is to approxim.ate a cost-of-living inrYPY Results of variance tests of percent changes in
dex conditioned on market prices—in other words, to mea- prices for selected energy commodities
sure the change in consumers’ well being that results from Decision on null
changes in consumer prices. (One use ofcthés to adjust | commodity tested v aF”;ﬁ'é‘:tgfst E-statistic hypothesis
income streams such as Social Security payments.) Because

H ili Natural gas ........cccceeueene 1.1656 1.57 Fail to reject
of the dlffere_nt uses of th@landCP!, each program utilizes a Crude petroieum 12802 Toy Fail to reject
different weighting schemerpiweights currently are based rueloil#2.............. 1.2204 1.57 Fail to reject

H 1S0IINE ..o, .9619 1.57 Fail to reject

on the value of sh|pments. of products as reporteq by prod eidential siecticity Le161 1oy Failto reject
ers for the 1992 economic census. For the period throlgksidential natural gas .. 1.0953 157 Fail to reject

December 1997%PI weights were based on expenditures re

ported by households for the years 1982—-84. Because ofgtkected from the population, analysts in each program use a

difference in the weights for the Electricity and Natural gasocess called “disaggregation” to select a unique item to be

indexes in the two programs, price changes have differing geiced from month to month. In each case, prices are collected

grees of impact on the higher level aggregate indexes in edicbctly from the utilities. Chart 6 compares the month-to-month

program. percentage changes in thel for Residential electric power
Aggregation of the indexes in the two programs also resuitish changes in thepi for Electricity.

in index series that are unique to each program.cphero-

gram calculates indexes for Residential electricity and fopiResidential natural gas data.The seasonally unadjusted

Natural gas for 32 metropolitan areas plus 12 region-city sizei for Piped natural gas, U.S. City average for all urban con-

classes (not all of which are published). The national-level sumers (seriap F02), was used as the alternative data source

dexes for electricity and for natural gas are aggregationsfafcomparison to therimeasure for Residential natural gas

these 44 individual indexes. Thes for the same products(ppi0551). Thecpi for piped natural gas was chosen for the

do not approach this level of detail, being published only fgasons stated in the section on Electric utility data above.

nine census regions. Chart 7 compares the month-to-month percentage changes in
So, at the lowest level, the Electricity indexes in the twihe ppi for Residential natural gas to changes indhefor

programs are relatively similar, but do demonstrate differencB#ped natural gas.

However, as the indexes are combined into higher level aggre-

gates f_or _dif_ferent objectives or uses, the measures bec%%ults of statistical tests

more dissimilar.

Tables 1 and 2 summarize the statistical results of the means
cpIResidential electric power data.The not seasonally ad-and variance tests applied to the differences in changes be-
justedcpifor electricity, U.S. City average for all urban contween the price measures. There are 35 observations for
sumers (serie® F01), was used as the alternative data soukggchppi data series and alternative data source. Unlagged
for comparison to thepi for Residential electric powePl  ppinatural gas data were used for the period January 1995
0541). Thecriwas chosen because of the comparability of thierough June 1996.

data that are collected for each index series, subject to the diftn table 1, thé-value calculated for each item is shown in the
ferences mentioned previously. Both ¢rand therPipro- first data column. This value was compared tottiatistic
grams price residential utility bills based upon selected usag@wn in the second data column. For all of the means tests,
levels for a given month. In addition, the populations fromere was a failure to reject the null hypothesis that the means of
which the items are chosen and the sampling methodologigspercentage changes for each pair of data series are the same.
used in both programs are virtually identical. Once a utility is Table 2 shows the calculatéevalue and the correspond-
ing F-statistic used to test the variances of the percentage
changes of the data series. For all of the variance tests, there

QELIEEN Resuits of means tests of percent changes in prices was a failure to r.ejeCt the nu'_l hypothesis equating the vari-
for selected energy commodities ance for each pair of data series.
Commodity tested tvalue of | qioriciic Deﬁ‘yﬂg;‘hﬁe’gigu” MONTH-TO-MONTH PERCENTAGEEhanges in therienergy se-
means test ries perform well when compared with corresponding changes

NAtUal Gas «....oorreeereerec e 0.1377 1.69 Fail to reject in alternative data sources. There is no indication that the
Crude petroleum ....... - | —0057 1.69 Fail to reject month-to-month percentage changes fortreexamined are
Fuel oil #2............... .0164 1.69 Fail to reject e g . . .
Gasoling ............... 1013 1.69 Fail to reject significantly different from corresponding changes in alter-
Residential electricity .............| 0382 1.69 Fail to reject native series. All of the data series examined similarly reflect
Residential natural gas ........... .0105 1.69 Fail to reject

any unusual price movements in the energy industries selected
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Month-to-month percent changes in the Producer Price Index for Residential electric power
(PP10541) and the Consumer Price Index (cpi) for Electricity, February 1995-December 1997
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change change
8 8
T PPI
6 — CPI 6
4 -""'. o 4
2 1 3 g% 1 2
0 7 = ARV = T WA 0
-2 F s . S -2
-4 -4
-6 e e e e
1995 1996

Chart 7.

Month-to-month percent changes in the Producer Price Index for Residential natural gas (PPI0551) and
the Consumer Price Index (cpi) for Piped natural gas. February 1995-December 1997
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for study. The tests of the means and the variance tests usedl tcases to reject the null hypothesis that the trends of the
compare thepiseries to the alternative source data failed Beries were essentially similar. O

Footnotes

1 The subproduct class level is the six-digit level of the Producer Price ° Ibid. _ N _ _
Index Classification system unigue to treprogram. A complete listing of 7 See Energy Information Administratioh998-2002 Strategic Plan,
the commodity structure is avaiable on the Internetfigt/146.142.4.23/ section i, pp. 1-3pn the Internet at: http://www.eia.doe.gov/fag.html

pub/time.series/wp/wp.item 8 Energy Information Administratiomirectory of Energy Data Collec-

2 For further information on these indexes sesHandbook of Methogls  tion Forms(Washingtoroc, U.S. Government Printing Office, 1996), pp. 5
Bulletin 2490 (Bureau of Labor Statistics, 1997), ch. 14. and 8.

3 BLs Handbook of Methodsh. 14. ¢ Ibid., p. 5.

4 Ibid. 10 1bid., pp. 8-9.

® Ibid.

APPENDIX: Test methodology

Means test Variance test

A test was conducted to compare the mean 1-month percBEm followingF-test statistic was used to test the homogeneity
change of the measures based on alternative data sourceétte variances of the 1-month percentage changes ferthe
the mean 1-month percent change offhidlata series. This data series and for the corresponding measures based on alter-
testis used to indicate if the series have significantly differevdtive data sources:
month-to-month percentage changes over the period examined. 5

The null hypothesisi, : X = X, was tested against the F = 5/2
alternative hypothesis{ : X 1 X ,whereX andX represent S -
the mean 1-month percentage change of the two samples beiage sf represents the larger sample variance @depre-
compared. Rejection of the null hypothesis occurs when #ents the smaller sample variance. It is assumed that both data
calculatedt-test values fall outside the bounds of the twaeries have normally distributed sample populations and that
tailedt-statistic. The-test is based on a level of significancéhe samples were randomly and independently selected from
a =.10. their respective populations.
The null hypothesisH,: §°= S, was tested against the

The criticalt-values are (_ ) (na +n, - 2), or . i L >
alternative hypothesi$],: § 1 & - Rejection of a null hy-

tl—(a/2) (na L 2). pothesis occurs when the calculatetest value exceeds a
- critical F-value based on the number of degrees of freedom
o X,= X) and an established level of significance. The degrees of free-
The test statistic if = ) s; [(Tin) + (Th)] ' dom are the number of observations minus 1. The level of

significance used for this test was= .10. The criticaF-
valué was F_ (45 (N, =1L, = D).

2 .
h Sp =
wnere (n,=1)+(n,-12) Footnotes to the appendix

! Thomas H. Wonnacott and Ronald J. Wonnatwttpductory Statis-
tics for Business and Economi@idew York, John Wiley & Sons, 1984),

H, is rejected when t <t_ (n,+n,—2), or op. 231-33.
2B.J. Winer,Statistical Principles in Experimental Desi¢gNew York,
tobs > tl_(a 12) (na + nb - 2)- McGraw Hill Book Co., 1971), pp. 26-35.
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