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'EXECUTIVE SUMMARY

INTRODUCTION
: "rhemGAAFoundadonminedChﬁsmAssocia:ainMayof-MmMymeindexingof |
~ interstate gas transportation rates. The eight-month project has included a number of tasks. First,we '
B '-developedasmement of the public policy arguments favoring gas txansyortme indexation. We next
mmnﬁedmemJOtopmmmmedatgnofameadjuMmdex. ‘Ihetmrdtaskwaswdevelop ,
) andcalculatesuppomngmdexaofmdusuympmpnceandpmdummytrends Wethencalculateda
"vrept&sentanve rate adjustment index. This is the ﬁnal report on our research.
. chsEFonnAmmDmnNG

" Gas Transportation in ti_ze Turn-ol-the-Century Economy

Interstate natural gas co'mpania are destined to play a major role in the turn-of-the century U. s" |

- econmomy. Low cost gas supplies are needed to0 unprove air quality, trim oil imports, boister the -

lmng standards of low income groups, and help sustain the competitiveness of American mdustry
The performance of i interstate gas companies is a key determinant of gas availability and prics. |

One measure of industry pecformance is the level of rates for gas transport services. But performance
also means providing the market-responsive array of rate and service options that are the hallmark of -
modern service mdustns. These industries have figured prommently in the contmumg produc:mty K
edge of the U.S. economy.

Barriers to Improved Performance

The ability of interstate gas companies t0 respond to these challeages is hampered by current

regulation of its rates ‘and services by the Federal Energy Regulatory Commission (FERC). The

industry does not yet offer a market-responsive array of transport rates and services. The need for
improved offerings is especially urgent now, since the industry is undergoing a major restructuring.



- The federal government has recognized the need for extensive revisions in the rate and service
offerings of interstate gas transport companies. Current FERC chair Allday has voiced the goal of
"designing and implementing pipeline rate designs that reflect the competitive realities of the nawral
gés market.” Two workshops on gas transport rates have recently been organized by FERC staff.

| ‘Unfortunately, there is serious doubt as to whether the FERC can accommodate the present need for
change if it continues to rely exclusively on traditional review procedures. The FERC regulates gas
- transport rates and secvices using a cost of service method. This is the traditional method by which
U.S. regulators enforce legally prescribed faimess standards such as those in the Natural Gas Act.
Controls on profits limit monopolistic pricing. Prudence reviews limit the cost of service. Cost
alloatxon procedures limit undue rate discrimination.

. ~ The efficiency of traditional rate regulation hos been inereasingly questioned by economists in recent
years. One problem is its high direct cost. Regulators typically know far less than managers about
- the affairs of regulated utilities. Judgments regarding cost allocations and the prudence of

_ . F management decisions are difficult even if extensive information is at hand. Proceedings are ,; .
R contermous since intervention can yield large economic rewards. -Efforts to leam abour company

operations and to resolve disputes are costly. ngmﬂcant economic resources are thus expended on
traditional rate regulanou that have no eounterpart in unregulated markets.

~ The parties to regulatory proceedings take a number of measures to reduce these direct costs. The
frequency of reviews is reduced. Familiar, rule-of-thumb methods are used in cost allocation and rate
" design. Prudence reviews are confined to eonSplcuous examples of dxshonesty incompeteace, or
'mxsformne. Companies scale back the array of rates and services which they would otherwise offer.

These economy measures unfortunately have their own costs. Lessened prudence vigilame eombined

: wrth proﬁt controls reduce incentives to trim input prices and boost productivity. Between rate '

reviews, companies can increase profits by improving performance since current rates are unaffec:ed

) However, an xmproved performance uoday can produce lower rates and higher performance standards
tomorrow. ‘Weakened performance incentives mean poorer performance. Rates may be higher than
 their lowest possible level. Rates and services are not offered that would be mutuaily beneficial to the

- company and its customers '



The Rate Indexing Option

 Regulators frequently confront the conflicting needs to accommodate change and enforce standards of
- fairness. . neranonalmponsexstoseekdepamm &omu-admonalrateregulanon. In the 1960's
. the Federal Power Commxssxon resolved the problem of settmg prices for sales from myriad natural
- gas wells by satmg area rates based on the cost conditions of typical produce:s More recently,
’ ~tegulmt:havesoughtno rwoncﬂedxeneedsforchangeandfamasmthmemdexmg A rate
 indexing program has been operatmg for class I line-haul railroads since 1981. Additional eompames
- with rates curreatly subject to indexing include AT&T, Pacific Bell, British Telecom, British Gas,
and the new Brmsh elec:ncxty transmission and distribution eompama

~

The FERC has long held an interest in incentive regulanon programs such as rate indexing. It

~ commissioned a study of mcentxve regulation for electric utilities in 1983, The FERC Ofﬁce of
. | Eeonomlc Pohcy (CEP) relased two studxa ‘of incentive regulation in 1949 One proposed a

c specxﬁc, voluntary scheme for mdexmg gas transport rates. On December 31, 1990, the FERC
L approved a rate’ mdexmg scheme. for Buckeye Pipe Lme Comgany, a reﬁnety products carrier.

What is Rate Indexing'.’

" Rate xndexmg is 2 method for adjusting maximum rates for public utility sennca In a typical
scheme, base rates are first set by the traditional method. Thereafter, they are adjusted periodically—

' usually quarterly or annually—using an automznc rate adjustment index. Compama retain an
obligation to provide the indexed services unlss released from obhganon in an abandonment

proceedmg
" The rate adjustment index tracks general trends in the cost of service. However, it is insensitive to
the current performance of the companies to which it applies. Reviews of indexing schemes
commonly occur much less frequently than reviews under traditional regulation:

- Benefits of Rate Indexing
Rate indexing can produce a number of benefits for interstate gas companies and their customers.
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A company’s rates are generally far less sensitive to its own performance. Incentives are thus
strengthened to cut costs and devise market-responsive rates and services. The improved performance
_xﬁaku it possible for companies to enjoy higher earnings with rates below those they would dharge
under traditional regulation. Indexes can be designed that promote this outcome. That is, indexes

can confer the expectation that rates will be as low or lowa' than those that would occur under
- traditional regulanon.

The insensitivity of rates to a company’s own performance makes it difficuit to cross-subsxdlze _

- initiatives in oompetmve markets from the high prices charged in non-competitive markets. Smﬂarly,
newra:eandsetvxceoffenngs to anycustometclass can only benefit customers ('1faccepted) or have .

. no effect (if rejected).

Rate indexing thus commoniy‘ coincides with greatdy increased markedng freedoms for utilities.
Compama commoanly have freedom to offer discounts from the mdexed base rates. The base rates

are for this reason often called pnce caps. Certain services may no Ionget be subject to rate

| restncnons. That i is, mdexxng often coincides with a: pamal deconu-ol of rates.. Strumlmed

vapproval of new rate and service oﬁ'enngs is also common '

~ These freedoms are all thb more unprssxve when we conmder that they are accomphshed without a
formal division of the rate base into core and non-cote segmems Rate base dmsxons are mherently N
- arbm'ary and have proven awkward where attempted. ' o

. mmmanmmU.s.nAmomeUser L

The inability of traditional regulation to accommodate market-responsive rates and services threatened
the viability of U.S. railroads in the late 1970, Congress responded with the Staggers Rail Act of
. 1980. Rates for competitive services were decontroiled. Maximum rates on tradmonal services to -
 captive shippers were initially set by traditional methods. They are now adjusted by an Index of

| ‘Railroad Costs. »

The effect of the Act'on general rate levels has not been clear-cut. However, the market-
responsiveness of rail rates-and services has improved considerably, to the benefit of consumers.
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v' Producuvxty gmwth has accelerated. The rate indexing program helps captive shippers beneﬁt ﬁ'om V _ '
these changec. ‘

-~ Two kinds of rate adjhsunemigdexapredomina:einamm_rne indexing programs. The index used
byclaseIline-hmlraﬂroadsm&sureetrendsintheinpmpriee:andptoduaivityofthemilro’ad '
 industry. A 'raﬂmad—style'_indexwas featured in the FERC OEP ptoposal.' '

A dxffetent kind of index is used by telecommunications companies and the Btmsh gas and electnc
o utilmes Rate adjustmem are based on the current rate of economy-wide inflation and an additional
percentage offset. The percentage offset depends in principal on the expected difference in the
‘ptoductmty trends of the company and the economy under rate indexing.

Both of these indexes have advantages worth considering in the gas transport context. leroad-style ‘

e - mdexee track mdustzy-specxﬁc cost trends using published data. 'Telecommummons-style indexes

-are szmple to administer once the percentage offset has been determined. The petcentage offset can j» ‘
- be tailored to the cxrcumstancee of individual eompames. :

INDEXES FOR INTERSTATE GAS TRANSPORTATION RATES

Input price and productivity indexes were developed and calculated for an aggregation of interstate
gas transporters in the 1977-88 period. We found that an output index like that used to adjust rail
freight rates cannot be constructed from currently published data. The FERC OEP proposed the total

v throughpht of major interstate gas companies as an output measure. This index exaggerated the '
output of the industry during the sample period since it was insensitive to the decline in the avetage

- distance shipped. Our alternative, pnce-dlstance output index indicated substantially slower out:put

| growth over the same period.

Three alternative treatments of capital cost were considered in the indexing work. The treatment |
including capital gains and losses as capital costs produced substantially different results than the two
that did not. Rates are not adjusted for capital gains and losses under traditional regulation.



The indexes provided the basis for raxlroad—style rate adjustment indexes such as would have been
applicable in the 1983-88 period. One such index was calculated for illustrative purposes. The
indexes also shed light on the appropnaxe productivity offset for a telecommnmmons—style index.

SUMMARY

Rate indexing can boost utility incentives to cut costs and develop market-cesponsive rates and
services while protecting the interests of disadvantaged customers. Iis potential benefits are largest
- where innovation is urgently needed and the competitive sector is substantial. Both of these
conditions are characteristic of the contemporary intecstate gas transportation industry. Indexing of
. gas transport rates wbuld thea seem to be an option worth serious consideration by interstate gas
transporters and their customers. The empirical work undertaken in this study provides a sohd
foundanon for the design of indexing ptograms
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Section 1
- INTRODUCTION

Interstate natural gas companies are desnned to play a major role in the turn-of-the cenmry _
U.s. economy. Low cost gas supplies are needed to improve air quality, trim oil imports, bolster the
living standard of low-income househoids, and more generally, to help sustain the competitiveness of -
. Amencan industry in world markets. While interstats gas companies have a major impact on the
. availabihty and price of gas, their ability to respond to these challenges i is hampered by FERC |
regnlanon. The industry does not yet offer the market-responslve array of rates and services that are
! ,common in ‘modern service industries. The need for nnproved offerings is especially urgent now
. since the industry is undergoing a restructuring of unprecedented dimension. ', _
o ‘The Commxssxon has a statutory responsibnhty under the Natural Gas Act (NGA) to ensure
that changes in rates and services conform to certain faxrness standards. Tradmonal review
‘procedura are intended to ensure conformance. Unfortunately, these proceduree may not '
' accommodate the rapid changes that current circumstances demand.
o | B § Regula:ors frequently confront the conﬂxcnng needs to accommodate change and enforce )
B fairness standards. A deparmre adopted with i increasing freqnency is rate mdexmg. The FERC has

B , rnade a preliminary investigation of rate indexing and has invited interstate gas oompames to propose

indexing schemes. On December 31, 1990, the FERC approved an mdexxng scheme for a reﬁnery
prodncts pipeline company.
The INGAA Foundation retained Christensen Associates in May of 1990 to study the mdexmg ‘
of interstate gas transportation rates. The eight-month project has included a number of tasks. Our
ﬁrst was to develop a statement of the public policy argumeats for indexing gas transport rates. We
then identified the major options in the design of a rate adjustment index. Next, we developed input
prices and productivity indexes that rely exclusiveiy' on published data. We then calculated actual
indexes using data from 39 companies in the 1977-88 period. Such indexet provide the basis for the
construction of rate ad;usunent mdexes. A representative rate adjustment index was constructed that
could have applied during the 1983-88 penod. _
‘This is the final report on the research project. In the next section, we describe in greater
detail the regulatory dilemma facing the interstate natural gas industry. Section 3 outlines the rate
vindexing option and its potential worth in resolving the dilemma. In Section 4, we present a case
study of rate indexing in an mdustry with many similarftia to the interstate gas transport industry:



class I line-haul railroads We thea consider some major issues in the design of a rate indexing
program. A discussion of our work to produce rate adjustment indexes and the supporting input price
and productivity indexes is found in Section 6. Results of the indexing work are reported in the final

section.



. Secnon 2
'mx DILEMMA IN GAS TRANSPORT POLICY

. A GA_S INDUSTRY CHALLENGE

In 1991 the Umted States faces extraordmary challenges in its effort to sustain its leading -
:» posmon in the world economy US ptoducets are subject to intense foreign oompetmon. Efforts to
boost cost competmveness are constrained by a public commitment to env:ronmental quality. The.
. eoonomy continues to be destabihzed by reliance on price-volatile petroleum. Continued growth in -
' the hvmg standards of low—moome bouseholds is increasingly difficult. : - |
} The natutal gas industry can help to mitigate these problems. Thanks to abundant gas
supplxes, the U.S. is less rehant on oil than most industrialized natxons Gas-based engine : N
: technologxes are a cl&n-butmng alternative to oil-based technologies and restrain longer-mn mcreases e
Cinoil pnoa Gas-based power genetanon technologies have special am'ibutes needed by electnc
' 'utilmes 10 meet growxng demand lmprove air quality, and develop a more competitive structure.
o Natural gas isan xmpormnt part of the budget of low-mcome households.
. The gas transportauon mdustry will play a key role in helping natural gas realize its potennal

' _in the tntn-of-the cenmry economy. In most states, transportation accounts’ for more than half of the

'dehvered cost of gas. The performance of gas transporters therefore has a major bearing on the pnce
: and avaxlabihty of gas. :
.One measure of mdustry performance is the level gas transport rates. Pecformance also
* means provxdmg the market-responsive array of price and sérvice optxons that are the hallmark of
modemn service industries. These mdusma have figured prominently in the continuing producnvxty
edge of the U.S. economy.! , : , '

Market-responsive transport rates and services have long been needed (and, to an extent,

achieved) in the gas ind'ustry.. Demand for gas in space heating and po\ver peaking is highly seasonal
and seasitive to weather conditions that are hard to predict. Demand for gas as a boiler fuel in base-
load electric, industrial, and enhanced oil rwovery‘opetations is sensitive to oil price swings. The
industry must respond to these changes if it is to keep capacity utilized when demand is slack, and to
allocate capacity to high-valued uses when demand peaks.

IF, Gluck, "Europe, Japan Would Lose Trade War" (1990).
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The current mu-uctunng of the mtersmte gas industry has grw.ly mcteased the need for
matket—responsxve transport rates and services. Before 1978, interstate gas companies as limited-
access private carriers were the primary merchants of gas sold in interstate commerce. For most
companies, the bulk of transported gas was company-owned and delivered from fields to end-use
~ markets in company lines. Competition to secure gas supphes was limited by wellhead price coatrols.
- Supplies were obtained from producers primarily by long-term contracts. Most buyers of interstate
- gas were directly served by just one interstate carrier. ‘

. o Since 1978, a pumber of federal policy initiatives have promoted change in the industry’s
' strucmre. The Natural Gas Policy Act of 1978 removed ceilings on wellhead pnces for new gas. A

o _ series of FERC orders has encouraged interstate lines to admit competition for theu' merchant serv1ces

by offenng "unbundled” transport services. The FERC has also promoted increased integration of the
interstate system to alleviate take-or-pay problems and increase competition. ,
_ | ‘Today, the bulk of interstate gas transportation occurs on an unbundled basis. Much more
gas is sold under spot or medxum-tetm contracts that permit shxppets to change trading parmers on
E short notice. New construction has increased system integration substannany ,
. - Structural change will be furthered by current efforts to expand transport services from areas
j” of sutplus gas ‘production capaeny For example, Pacific Gas ‘I'ransrmssxon is greatly expandmg its

. .‘-Aprevmusly modest capacity to shxp gas from Canada to Cahforma. Non-tradmonal supphers are now

- (1990). -

constmcung a pipeline to shxp Wyoming gas directly to Cahforma. Asa consequence of such o

. developments, intecstate gas companies face major shifts in North American gas flows that will reduce L

_ long-mn demand for transportation on some routes while boosting it on others.2
‘ ‘Changes such as these have gr&dy increased the transportation opuons of natural gas buyers

, Many regional end-use markets for gas are now directly served by two or more transxmss:on '
N compames. Customers in end-use markets are lass dependent on thezr direct-service camer to provxde
the compiete ﬁeld—to—end-use—market haul. The gas distributor serving Indxanapohs, for example, was
ttadmonally reliant on Panhandle Eastern Pipe Line Co. for transmission service. It will scon have
the additional opuon to receive gas from Texas Gas Transmnsszou Corp. The distributor wﬂl be able
o use Texas Gas for a long haul from gulf coast fields, or to relay gas dehve:ed to the Texas Gas

| systexn from the Arkoma basin. | ' '

2See, e.g. E. prege! &. al., "New U.S. Gas Lines Will Restructure Nonh American erd Flows"



"~ The vtransportaﬁon opiions of gas producers have also expanded. C'on;ider the case of a gulf
coast producer that previously had committed its supplies to Texas Gas. The producer now has the
addmonal options of reaching Atlanta on the Southern Natural Gas system, or Detroit on the ANR

Increasing options for shippers means more vigorous eompetition among gas transporters
 Pipelines serving the same field vie to determine which end-use market receives the gas. Discounts
by plpehne companies serving midwestern end-use markets, for instance, have been noted 'to ‘ -
 divert gas supplies from the California market. In the future, midwestern and eastern lines will
‘compete more vigorously for Guif Coast gas, and California and midwestern lines for Wyomisg gas.
. ' Pxpehnes serving the same end-use market will mcrmmgly vie to determine the source of gas
_ | supplies. Vigorous competition for the Caleorma market will develop between transporters serving

'.Axbena, Wyommg New Mexico, and Texas fields. Competmon for the northeast market will -
emerge between suppliers serving gulf coast, xmdeonnnent, and Canadian fields. »
o Increased competitive pressures encourage transporters to offer more market-responsxve rates
and services. However, interstate gas transportation ma:kets will contmue to differ greaﬂy in their

e eompetmveness. In pamcular many end-use markets, and a few ﬁeld markets will continue to be
o directly served by only one transmission company.

, Another important force for revision of rate and service offerings is the demand by gas
-kmdusu-y customers for the fuil array of transpomuon services that were prevxously bundled with

merchant services. thpper demands for change are backed by claims that failure to prowde such

‘ 'sennces gives interstate gas companies unfair advantage as gas- metchanm : _

In addition to unbundled transmission, there are now frequent calls for firm and interrixpiible

' gathering and storage, and for such coordination services as supply aggregation, exchanges, and
backhauls. To beeomp;rable t0 other service industries, the gas transportation industry must also
offer variations on its basic services. For example, shippers may prefer a type-of interruptibility that :
differs from a "chocolate-and-vanilla” choice between firm and interruptible service. They' may also -
want unconveational combinations of services such as interruptibie transportation and firm storage. -
Each of these variations involve different eosts for natural gas transporters.

Changes in rate design are also requested by customers. Most obvxouSly, discounts from -
regulated maximum rates can benefit al parties so long as revenues exceed variable cost so that a
contribution is made to fixed costs. Certain customers may benefit from complex rate designs. For

example, mileage based rates are desirable for shippers.u,sing_rdutes that require the services of

5



. mulitiple pipeline companies.

B. BARRIERS TO REGULATORY REFORM

INADEQUACY OF CURRENT RATE AND SERVICE OFFERINGS

The amy of rates and services cﬁrremly offered by the industry is, unfortunately, far short of
‘current market needs. Most i interstate companies offer a fairly limited array of unbundled transport
services. Unbundled storage semce, t'or example, is only now becoming common.

Established rates often fail to maximize throughput in periods of low demand. Without
dlscountmg off-peak loads that could boost throughput would be missed. When demand for transport
 services peaks, regulated rates often fail to allocate capacity to its highest-valued use. Capacity must
thea be rationed, and is usually allocated on 2 first-come, first-served basis. The companies valuing
-'capacxty rights most highly do not always possess them. Yet trade in capacity rights is still quite
| The federal government has recognized the need for extensive revisions. in the rate and servxce ,
| -offerings of interstate gas transporters. Successive FERC chairs have emphasxzed the pomt In its -
Nouce of Proposed Rulexnahng of June 7, 1985, the FERC stated

, |
. In those areas where competitive forces are adequate, the tegulatory framework should allow
all participants in the mdustry greater ﬂexibility to adjust to market conditions so long as the
adjustment does not involve cross subsidization or the involuntary shxfung of costs among
customets. ’

: Current FERC chair Allday has vonced the goal of "designing and implementing plpelme rate dwgns'

that reflect the competitive realities of the natural gas market."? Two workshops on rate reform =

have : : : : '

recently been organized by FERC staff. Reform of gas pipeline rate design was one of the Nanonal

Energy Strategy options recently presented by the DOE to the Council of Economic Advisors. |
Unfortunately, there is serious doubt as to whether the FERC can accommodate the present

3 Reported in The Energy Report, November 13, 1989.
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~ need for change relymg only on tradmonal review procednree. To see why, we must ﬁrst review the
‘manner in which mtetstate gas eompama develop transport rates and services.

 TRADITIONAL FERC REVIEW PROCH)URB
-~ Under the NGA the FERC, as successor to the Federal Power Comm:mon (FPC) has
- jurisdiction over the activities of i interstate gas transportea The eompames need certificates of public
- convenience and necessxty in ‘order to construct or operate facilities under FERC jurisdiction.
".-Canﬁmholdmmmmmplymepafommm , : o
- - Under Section 4(a) ot' the NGA, the rates and charges for Junsdxeuonal services shall be Just '
 and reesonable. Section 4<b) states: SR :

No natural gas company shall, with tespect to any transponanon or sale of natural gas subject

eo the Junsdxcnon of the Commission, (1) make or grant any undue ptejudxce or dxsadvantage e

or @) mamtam any unreesonable dxfferencee in rates, charges, serwcee facilmes, orin any
. -othet respecr, exther as between localmes or between classes of service.

_ The FERC has extensive powets to enforce these standards Under Secnon 4(d), changec in:

4 rates chargee, classxﬁcanons, or service may only take place after proper nouﬁeanon to the A S

" Comxmssmn. Section 16 states that "The Commission shail have the power to prescribe, issue, make,
amend, and reecmd such orders, rules, or regulations as it may find necessary to carry out the

- prov:szons of this act.”

Under Section 5(a), the FERC may, upon its own motion or the complaint of interested
parties, investigate whether * any rate, charge or classification demanded, observed, or charged ... is
unjust, unreasonable, unduly discriminatory, or preferential.” If the standards are violated, "the
Comnnssxon shall detetmxne the just and reasonable rate, charge, classxﬁcanon, rule, regulanon
‘practice or contract to be thereafter observed and shall fix the same by order."
. ‘The Commission has had to develop operational procedures for enforcxng these standards.

" The common approach around 1940 was the cost of service method. This evolved from regulatory
practice in a number of industries and was sanctioned by the U.S. Supreme Court in a series of
historic decisions. The FPC interpreted tie NGA as calling for a cost of service method. Their
approach was supported by the 1944 U.S. Supreme Court in Federal Power Commission v. Hope _



Natural Gas Co.* -
In cost of service ratemaking, rates are set to recover allowed costs. The allowed costs
consist of prudent operating costs plus a}re’turn oa the value of prudent investmeants. The allowed rate
of return is that typical of unregulated businesses facing a comparable degree of risk. Allowed costs
are allocated to customer classes based on estimates of the costs incurred by each class. The rates
v . approved for each class are intended to recover the pomon of the revenue reqmrement allocated to
~ that class. ,

s The standard cost allocation procedure used by interstate gas companies begins by dividing
' vuoulcostsbetweenthosethatarevanable thhatvarywnhservmevolumes)andthosethatate fixed.
f: Variable costs are apportioned among general customer classes on the basis of annual delivery

N voluma Fixed costs are apportioned on the basis of both volumes and the average class comcxdental v
- demands during a three-day continuous peak period on the system. The propomons of costs allocated -

. ona volumetnc and a demand basxs has been a contentious issue and treatment has changed ovet :
- ﬂtxme The "modified fixed-variable method" is most widely used at present. This allocates all ﬁxed
' eosts except return on equity and income taxes on a demand basis. . .

o Methods for. allocatmg costs between junsdxcnonal customers recexvmg transportanon semce .

, ’ between different receipt and dehvety points is more varied. Typlcally, the service area of 2 pxpelme
s dmded into rate zones. Costs are thea allomted between zores using a certain rule of thumb,

, - Whena company offers new services, it must ptov1de the FERC with the reasons for the ‘

' schedule, the basis of the proposed rate, and an estimate of expected sales and revenues. The servxce -
_ mst be oemﬁcated under Secnon 7. Regulanons require less data in support of small tanff 4 '
B adjustments and changeo in terms and conditions that do not increase rates. However, major rate

: " increases requu-e extensive and ume—oonsummg data filings.

) - ‘While rate increases are usually petmmed to take effect, years may pass before the offenngs

'~ are ofﬁcxally approved by the FERC. Approval may involve examination of the oompany s books

and records, 2 hearing, the filing of briefs, an Administrative Law Judge’s decision, the filing of

‘ exoepuons, oral arguments, and the rendering of a final decision. Approval may be further delayed if

aparr.yeo the proceedmg requests a court review of the FERC’s decision.

 The process can be expedited by a seutlement conference in which the pnpelme oompany, its

.customets, and orher intervenors (e.g. state regulaxory commissions) reach a oomptonuse on key

.4320U.s. 591.



- issues. Sealements are submitted to the FERC for. approval. Settlement oonferences afford cost
savmgs over formal review procedures but are still quite costly. .

" Some steps toward streamlining this process occurred i in the mid-1980°s. Most notably, Order
.436permmedmtetstategas oompamesmoffetdmoonmﬁommamnmrataaslongastheyarenot
undulydxscmnmatoryandareﬁledatthe Commission. 'IheFERChasmledthatdzsoountsto
individual customers do notconsumtennduedlsmmmamnngentheassuraneeoffalrpnca ‘

provided by maximum rate regulation. A : _
- To summarize, the traditional, oost-ofoservxce approach to ratemaking is intended ho fulfil the

falrneu standards of the NGA in three ways. Controls on pmﬂtx limit monopollsnc pricing. .
Prudenee reviews limit the costs incurred in providing service. Cost allocation procedures limit
undue discrimination by basing differences in the rates charged to different customer groups on
dxfferences in the cost of serving them. ' '

| THE HEART OF THE PROBLEM |
| " : An extensive lxteraun'e has developed in economics to explain why this review procedure is
o not ldeal when rapnd and extenswe changes in industry ptacnces are needed. In this section we =~
o bneﬂy review some major findings of this literature. ' ' L
, Cost of service regulanon involves high direct costs for utilities and t.heu: customers.. These
. oosts resuit from a set of related problems. One problem is asymmetric mformanon Regulators
, need extensive information to ensure conformance with legally prescribed performance’ standards.
Another problem is the conceptual difficulty of allocating costs between customer classes.

h . For example, the cost of a gas transportation service depends greatly on which facilities are used to

-provide it, and when. It also depends on the distance shipped. The allocation of common or joint . -

costs is a further complication. These are costs that are not incurred in the provxslon of specxﬁc
services. Hence their allocation is inherently arbitrary.

Evaluation of the prudence of actions taken by utilities is also problemauc The proper
standard is the prudence of actions undertaken glven the information that was available to managers
when decisions were made. It is difficult to recreate this mformanon set and to ascertain the prudent
behavior that should have followed from it. ' ‘

Decisions are complicated to the extent that utilities have incentives to distort cost information
to ehance profits. The udlity may beaefit from efforts to allocate additional costs o captive (rice

 inelastic) customers, especially if some markets are non-jurisdictional. It may also have incentives to



raise cost pl‘O]eCthtlS, lower volume projections, and withhold unfavorable mformanon during
prudence i investigations.

 The contentiousness of proceedings is another problem. Intetvenuon in proceedings can yield
slgmﬁcant economic rewards. Major decisions of the FERC are routinely challenged in the federal
. court System. .
- * Efforts to learn about company operations and to resolve disputes are costly. Significant
" economic resources are thus expended on traditional rate regulation that have no counterpart in

E unregulated industries.

- Invxewofmeeecosts mxsnotsnrpmmgmatdxepamesmmdmonalmeregulanontake
L -steps to reduce them. The frequency of reviews is diminished. Fann‘lxar, rule-of-thumb methods are
used In cost allocation and rate design. Prudence revxews are conﬁned to consplcuous examples of
- dishonesty, incompetence, or misfortune. '
o : ‘These economy measures unfortunately have their own costs. The pmdence standard can in
- principle require penalties for any performance less sansfactory than would occur in a competmve
 market. To the extent that prudence vxgxlance is removed, however, performance incentives are
j‘;etoded by the controls on profits if profits are close to theu' maximum level. Between rite re\news, '
" _compames can boost profits by i improving performance since cun'ent rates are unaffected by cun'ent .
performance. Economists call this the regulatory lag effect. However, an 1mptoved performance
) : today can produce lower maximum rates and higher performance standards tomorrow. .
The case of discounting from established rates is salient in this regard. Facing excess
" capacity, gas transporters can often cut rates and still earn a return over variable cost. Profits are |
. boosted with no effect on current maxxmum rates. When rates are revised, however, the dxscount- o
. angmented volume may inflate expectations of future volumes, producing lower maximum rates
B Itlsxmportanttonotematthenononot‘petformancethatxsrelevantherexsbroad It _
i mcludea the provision of market-responsive rates and services. It also includes efforts to mxmxmze
s the cost of offered services by trimming input prices, using traditional inputs more shrewdly, and
| develOpmg and adopting new technologies. We have chosen to emphasize marketing performance

- sxnce xt is here. that requests for change are curready greatest. However, a long memory is not

'-needed_ao recall instances in which cost minimization was an issue in the interstate natural gas '
. In summary, customets of interstate gas companies pay a significant cost for the control of
,' proﬁts achieved by. tradmonal cost of service regulation. Large regulatory costs are xncurred

10



Desired rates and services may notbeoﬁ'ered Rata for offered services may behxgherthanthexr
lowest possible levels. - ‘ '
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- Secion3
THE CASE FOR RATE INDEXING

* Regulators frequendy confront the need to accommodate change while enforcing standards of
faimess. A rational response has been to seek deparmres from traditional regulation. In the interstate
natural gas industry, a dilemma of this type from earlier times was the regulation of wellhead prices.

In its 1954 Phillips decision’, the Supreme Court ruled that the NGA required FPC review

. ofﬂxewdlheadpncaofgassoldmmerstatecommuce. Iargedxﬂ'erencuex:stedthenasnowm

. the cost conditions of individual gas producers. However, the use of traditional review procedures to

approve price increases requested by individual producers involved high direct costs.

In 1960, the Commission elected in its Phillips IT opinion to divide the nation into five regions
and set common prices for wellhead sales i in each region. The resulting area rates were based on the
costs of typical area producers. Despite vigorous producer protests, this decision was supported by
the high court in the Permian Basin Area Rate Cases® decision. |

A. THE RATE INDEXING OPTION
f _

" In more recent years, a common means of accommodating change has been rate indexing. In
the U.S. railroad industry, restrictions on abandonment and oa rate and service offerings for many '
~ years limited the ability of class I line-haul railroads to respond to intermodal competition. The result

was chronically low rates of return and the bankruptcy of several systems. Yet railroads continued to
“wield market power in ptoviding some services. A series of regulatory reforms culminated in a
pmgram under which rates for competitive services have been decontrolled whereas rates for non-
competitive services are subject to indexing.
. In the telecommunications industry, rapid technical change has created competitive market
conditions for some services (eg long-dlstance) and a proliferation of desired services. Market power
is still substantial in the provision of other services (eg local access). The privatization of British

$ Phillips Petrolewm Co, v, Wisconsin [347 U.S. 672 (1954)].

§390 U.S. 747.
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- Telecom” in 1984 created a company with a monopoly on local access btn'gne facing imminent long-

distance competition. The Director General of Telecommunications decontrolled rates for many.

services and instituted rate indexing for the less competitive servics. , |

‘ _ In 1989, the Federal Communications Commission approved rate indexing for AT&T,v.the o

dominant interexchange carrier but one facing growing competition. Since then, indexing has been

applied to rates of several U.S. local exchange carriers. These include Pacific Bell, U.S. West, and

Rochester Telephone. | | |

_ - The pnvanzanon of British Gas in 1986 created a company with a virtual monopoly on gas

transmxssxonand dxstribunontntambutlmmnentcompeuuonmmuchamsermew large

N commercml and industrial customers. The Director General of Gas Supply atabhshed an index to

o adjust rates for non-gas services to tariff customers for the 1987-92 period. The Bnush Gas
.expenence with rate indexing was the subject of an article by Branko Terzic prior to his appointment = - "
- as.a FERC Commissioner. '

o ' Britain is now in the process of privatizing its electric power industry. Companies have been

' 'vsmblxshed with monopolm on power transmission and distribution. The distribution compama face
g mmnent competmon in power merchandxsmg Charges for transmission and distribution services '

SR wxll be subject o rate indexing.

‘ The Federal Energy Regulatory Commxssmn has long held an interest in xncexmve regulanon _

., schemu such as rate mdexxng It commissioned a report on inceative regulation for electric unlm&s
thatwas released in 1983.2 In 1987, thenFERC chairman Martha O. Hesse announced an mterst , .
- in incentive regulation for the interstate natural gas industry. The Hesse initiative included an_

. acceleration of research on incentive regulation by FERC’s Office of Economic Policy (OEP). The

- OEP released two papers on inceative regulation in 1989.‘9 One proposed a specific, voluntary

7 For dxscussxons of the British rate indexing schemes see I Vickers and G. Yarrow mvanzg_gg n;

* An_Economic_ Analysis (1988) and T. Weyman-Jones, Regulati Price Control in
LIK_Elemmu (1990). ,

3Branko Terzic and James McKinnon, "Gas in Britain: Regulanon of a Privatized Former State
Monopoly” (1988).

? D. Goins g. al., Incentive Regulation in the Elecric Utility Industry (1983).

19 Office of Economic Policy, "Incentive Regulation for Natural Gas Pipeline Companm A Specific
Proposal With Options” and Lorenzo Brown, Michael A. Emhom, and Ingo Vogelsang, "Incentive
~Regulation: A Research Report.”
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scheme for indexing gas transport rates and calculated 2 representative index with industry data.
- On December 31, 1990, the FERC approved a rate indexing scheme for the Buckeye Pipe
Line Company, L.P.!! Buckeye is a large, independent oil pipeline company. This program does
not call for the decontrol of its rates t‘or competmve services.

B. WHAT IS RATE INDEXING?

Thé tatemdexmg programs used in different industries vary wideljbut hé_we common

- attributes. In a typical scheme, base rates are set by the traditional method at the start of the indexing

program. Thereafter, they are adjusted periodically — usually quarterly or annually — using an .
‘ antomanc rate adjustment index. Companies retain an obligation to provide tradmonal services unless
- released from obligation in an abandonment proceedmg. ’ o
o o ‘ The formulas used to generate rate adjustment indexes are inseasitive © the performance of
. the mdmdual compames to which they apply Since indexes track trends i in the cost of semce,
 reviews of mdexmg schemes commonly occur much less frequently than reviews under traditional

f | regulanon. Despite the dmnmshed unpomnce of reviews, regulators and the compams they regulate f' - o

- »F ‘usuany tetam certain nghts to seek modifications of the indexed rates or to abandon fate mdexmg

4c.£nx-:1~a~:n‘rs OF RATE INDEXING

‘ We have seen that indexing i ls now used to rev:se the rates of some of the world’s larg&t
: compama. Ttis unpomnt to understand the benefits that regulators foraee in mplementmg such

' programs.’ Poruma:ely, rate indexing has been discussed extensively in the economics lxtemure We ,

. rely on this hterature in the discussion that follows.

: Of the many benefits theorized to flow from rate indexing, the most obvious is a reductxon in-
_'the direct costs of regulation. The exteat of this gain is apt to be limited initially. Large direct costs

 will be mcurred in xmplemennng an mdexmg program.: Moreovet, much of the apparatus for

. uggge Opinion No. 360, Buckeye Pipe Line Company, L.P. Docket No. IS§7-14-000, ¢f. al., and
,;-oaxs-s-ooo . g | | o
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o i

tradmonal regulanon may be preserved for some time to review the i impact of indexing. A case in
- point is the close scrutiny planned for the Buckzye Pipe Line program in its first three years. F‘mally,
.pams to regulation may snll exercise their rights to challenge pamcularly onerous consequences of
' indexing, _
| , Themambeneﬁtsofmdexmgﬂowfromtheﬁctﬂ:atacompanystatuaresubstannallylas
sensmveto its ongomgperformance dxanundermdmonalratereguhnon. Managers will have

- stronger inceatives to trim costs and to boost capacity utilization by offering market-responsive rates
 and services. To the extent that performance improves, it is possible foc companies to eajoy higher
o wmngswmhmabdowmosethattheywouldchargeumiermnalfegulanom Indexes can be

. designed to promote this outcome. That i is, indexes can confer the expectation that rates for
traditional services will be as ‘low or lower than those that would occur under traditional regulat’ion
. | The msensxtmty of rates to a company s own performanoe also makes it difficult to cross-
‘ ‘subsxdlze mmanves in competitive markets from the high pncx charged in non-competitive markets; | '
Moreover, new rate and service: offerings to any customer dass can only |beneﬁt customers (xf B
' accepted)orhavenoeffect(‘ftejected) -
" This feature of rate indexing, together with the continuing obhgatxon to serve, makes it
pos'sible to streaml_me tegulanon of new rate and semce offerings, and of all offenngs for competitivo
markets. Rate mdexmg thetefore typically coincides with increased marketmg freedoms for utilities. -
. Most commonly, companies have freedom to offer discounts from the mdexed ceilings. Rate
mdexmg programs are for this reason often called price cap programs. Certain services may no |
longer be subject to rate Yestrictions. That i is, indexing often coincides with a partial decontrol of a
utility’s rates. Approval of new rates and services may be streamlined even if they remain subject to
‘ Marketing freedoms such as these are all the more imprssive when we consider that tney are:

accomplished without dividing the rate base into core and non-core segments. Rate base divisions are =

inherently arbitrary and have proven difficult where attempted The experience of the gas companies
subject o the jurisdiction of the California Public Service Commission is Hlustrative.

* From this recounting, it is easy to see why regulators have turned to rate indexing as an
alternative to traditional regulation. Indexing can boost industry incentives to innovate and meet
competitive challenges while protecting the interests of disadvantaged customers. Its potential benefits -
are largest where innovation is urgently needed and the‘compeﬁtive sector is substantial. Both of
_thaé conditions are characteristic of the contemporary interstate gas transportation industry. Indexing

15



 of gas transport rates would then seem to be an option worth serious consideration by interstate
natural gas companies and their customers. |
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Section 4
RATE INDEXING IN THE U.S. RAIIROAD INDUSI'RY

A. BACKGROUND '

. Regulation of class I line-haul railroads has evolved in a manner similar to that of gas
transportation.'? Both industries began in the early nineteenth cenmry A local gas distribution 5
‘ system was established in Baltimore in 1816. The first railroad to offer regularly scheduled. passenget_ :
and freight service began construction from Baltnnore in 1828. o
Early companies in both industries were established with the aid of charters from stateor |
- local governments. These franchises had a legal foundation in medieval British common law.
Ftanchlse holdefs held certain privileges and were subject to certain performance standards. These
-' mcluded an obligation to serve, to set reasonable prices, and to provxde equal treatment to comparable_g |
-' customem Governments were empoweted to enforce these standards, and were granted authority

o 'ovet service abandonment.

In'the late mneteenth and early twentieth centuries,- state legislators strengthened enforcement ,
_ of such’ standards by establishing state regulatory eomnussxons. ‘Regulation of interstate services . |
' requxred the embhshment of analogous agencies at the national level. The Interstate Commerce Act o
of 1887 established the Interstate Commerce Commission (ICC) to regulate interstate rail freight and ‘
passenget service. _ o |
‘ Like the NGA, the ICA contained exphcxt language prohlbmng undue discrimination in rates
and services and 1 requu'mg just and reasonable rates. ‘However, the ICA language on pnce
_’ discrimination was eonslderably stronger. In particular, the Act prohibited dlscnmmauon agamst ,
| persons or shippers, undue _preference among regions, and the practice of chargmg more for a short
~ haul than a long run. o
_ ~The ICC has faced many difficulties in enforcing the ICA in the more than 100 years since its
passage. The main problem has been the emergence of intermodal competition. Before 1900,
“railroads faced significant intermodal competition only from waterborne camets Subsequently, the .
construction of an extensive pipeline system greatly reduced the large demand for rail services by the

12 For more background mformanon on rail freight regulation see T. Keeler, Rail i - h
Bublic Policy (1983), C. Barnekov, "The Track Reeord" (1987), and C. Winston gt. al., Ih_e_EsLQ__g
-Eﬁm.af.iu:im_‘ix:;zhmmmuamn (1990).
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B petroleum mdustry The inland waterway system was significantly upgraded The emergence of a
large aviation industry reduced the demand for railroads as carriers of passeagers and high-value
goods. Even the gas industry played a role by reducing the demand for coal.

. Of greatest importance, perhaps, has been the combined effect of advances in motor vehicle
technology, low fuel prices, and the construction of an extensive, quality road system. Motor ’
vehicles further reduced the poteatial demand for railroads as carriers of passeagers and high-value
- goods. 'l'mck competition was restrained by ICC regulation of trucking rates under the Motor Carrier
Actof 1935 -However, important classes of motor camers (eg agricultural carriers, owna'-operators,
and private carriers) were exempt from ICC jurisdiction.

These developments had major cumulative effects. Demand on many routes served by
railtoads — particularly local ones — fail precxpwously The e!astxcxty of demand for many services
| grew substantially.
 The railroads needed three freedoms to'respond rationally to these developments. One was to
downsize the system by abandoning routes on which revenues eould not cover variable costs. The
: seoondwasto cut costs. Thednrdwasnomarketserwcu aggrusxvelymcontatedmarkets. |
. All three of these stntegm were frustrated in various degrees by government policy. The
ICC and state agencwc were slow to approve the abandonmeat of passenget services and low-deusxty .
routes. Before 1976, the ICC would not even approve abandonments by ﬁnanclaﬂy troubled carners |
if they were vxgorously opposed by shippers or local governments." . : B
As for cost cutting, the industry was saddled with labor unions that aggrsslvely fought efforts
St adneve the kinds of labor economies that have occurred in most industries sinice World War II. -
Labor has responded to economy initiatives with threats of nationwide strikes. The White House and
Congress have pressured the industry to avoid such strikes and have sometimes required compulsory
arbitration. While ugmﬁcant progress occurred, the xndustry oontnmed to suffet from overstafﬁng
and outmoded work rula ‘
" Regarding rate flexibility, the ICC for many yeus dxseouraged rail rate cuts as a violation of
the j Jjust and reasonable standard of the ICA. Policy on rate cuts moderated in the 1950°s. In the
- inflationary 1970°s, cuts in real rates could be affected by requesting small rate increases. However,
seasonal and other short-mn discounting from maximum rates was uncommon. ‘ '
The ICC conunued to discourage revisions in relative rates to reflect differences in the cost of
. Each change in relative rates had to be Jusnﬂed by extensive cost evxdence Cost allocanon
isat least as problematic for railroads as for gas u'ansporters Sxmple cost alloanon methods were

|
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_ Lo | _
the norm. Proceedmgs t0 change rates were typically long and costly. Rate changa could not be
nnplemented until all challenges were overcome. ‘ . '- '

: ~ These regulatory barriers had the resuit that rate increases were generally across the board.
- Relative pnca weze thus frozen into hlstonc relationships bearing little resemblance to costs. In

parucular rates on low densxty routes were eommonly well below the cost-of serving these routes.
' Railroads often charged the same rates to exporters regardless of which port they used. Similar rates
‘were charged grain elevators of different size despite large differences in the cost of service.
) | Unformnately for railroads, the array of rates rsulmg ﬁ'om these policies was insufficient to
, “recover their cost of service dapnte significant productivity growth. By the mid-1970's, the KATY,
. Penn Ceatral, and several smaller northastetn carriers were bankrupt. The Rock Island and
Mﬂwankee Road were nmng bankruptcy.

’ The fedetal government has msntuted a.number of measures smce World War 1T in response
~ to this gathering cnsxs The Transponanon Act of 1958 liberalized restrictions on rail rate cuts and

: ,' _guaranteed loam for troubled carriers. A liberalized abandonment policy for passenger sennc&

* culminated in the Rail Passenget Semce Act of 1970, which created Amu‘ak. The Regional Rail
. -Reorgamzanon Act of 1973 crwed a support stmcmre for northeastern rmltoads that led to the .

. creation of Conraxl “The Raxlroad Revxtahzanon and Regulatory Reform Act of 1976 provided

‘additional subsn‘lm and. encouraged more relaxed regulation of rates and abandonment. The ICC

_ provided. addmonal assistance with a merger policy that supported sumval of rail services at the

~  expease of compeunon. In parncular parallel mergets were approved betwwn large carriers that

gready increased rail service concentration in some regions.

A A chmaxe for more dramatic reform in rail freight regulation developed in the late 1970’s for

- several reasons. Bankruptcies and low earnings continued. - The ICC’s ‘mtetpraanon of the 4R Act

greadly limited its potential impact on rate flexibility. At the same txme, the political climate for

deregulation was improving. Deregulation of domestic air trahspomtion in 1978 was well received.

| The Carter Administration appointed two pro-deregulation economists to the ICC in 1979,
The new Commission instituted a number of reforms, including greater use of contract rates.

Recognition of the benefits of liberalized rail freight regulation was widespread. The main opponents

were politically powerful coal shippers who feared adverse consequences from total rate control.
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B. THE STAGGERS RAIL ACT

In 1980 the Staggers Rail Act was passed by Congress. Its basic pre:mse, stated in Section 2,
is that ICC regulation had reduced the efficiency and threatened the financial viability of class I line-
. haul railroads despite a major decline in their monopoly power. The Act rectified this situation by
' prowdmgthenecasary auﬂmntyforgruﬂytelaxed regulation of abandonments and rates.

The most striking feature of the Staggers Act is the high degree ofrateﬂexibihtythatit
: f‘ allows. Railroads now have complete price flexibility in competitive markas That is, the Act
effected 2 pamal decontrol of rail service rates. To-limit ICC discretion in deternnmng which
* markets are competitive, the Act specifies a test for detenmmng conclusively when market dommance
- does not exist. The test is based on the ratio of Total Revenue to Total Variable Cost. In 1980, the
Vﬁrst year of the Staggers Act, any ratio less then 1.6 precluded a finding of market dominance. The |
ranomcrasedgraduallyto175m1984 where it has remained. ' -
Arateexceedmgthe17$tanodoesnotxmplythatmeraﬂmadhasmarketdommance But
"msuchacasethebutdenofprooﬁsontheradroadtodemonstratecha:xtdoa not have market |

| . '_5‘_-dommance The ICC must then detetmme whether market dominance exists. Only 1f market

| _dommance is found does the reasonableness of the rate become an 1ssue
‘ * The Act called for continued ICC review of changes in rata for servxca where market
- dommance persisted. A level is specified below which no rate can be found unreasonable. (Above
. that level unreasonableness is not presumed.) The zone of presumed reasonableaess relies on the.
- notion of a base rate. Any rate that was in existence at the promulganon of the Act, and was ot
g challenged dunng the ensumg 6 months became a valid base rate. The ICC was charged mﬁ:
developmg an Index of Railroad Costs. The rate of change in this index, called the Rail Cost -
- Adjustment Factor (RCAF) has been multiplied by each base rate to obtain an 'adjusted bme rate
' Anyratethatdoa Bot rise abovetheadjustedbasemexsfree &omdxemrwofCommxssxon |
suspensxon.
Rail carriers are prohib:ted f:om setting rates below a reasonable minimum levei. But we -
- ._are not aware of any instance in which this provision has been binding. Any rate that contributes to
 the going value of the firm (i.e., above short-run marginal cost) is presumed to be reasonable. The -
- burden of proof is on the party challengmgarateto demonsxmemat it is too low. Thus, this
| 'provmon does not appw to be any more mtncuve than the provisions of the antitrust laws that
I prohibnt predatory pncxng
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The Act contained other provisions for increasing rates for captive shippers more rap'idl{tﬁan
increases in the RCAF Index. These provisions applied to any railroad that was deemed 0 be
*revenue inadequate” (i.e. araﬂroadthharateofretumthatwasl&ssmannscostofupxtal)
. Howevet, these increases are not immune from chailenge.. '
The Act also grants extensive freedoms regarding the structure of rates. In'pa'm'cular,
- contract rates are allowed for all services; including those to captive customers.” These are described
below. C ' ' ’ ‘

C. OPERATION OF THE RATE ADJUSTMENT INDEX
The initial RCAF Index was essentially an input price index. The rate of change in the index -

 was a weighted average of the rates of change in the prices of labor, capital, and materials purchased
: _‘by U. S railroads. > The pnce increases were measured oa a nation-wide basis, and the Index was

Shlppers complamed that the index was inequitable since it did not reﬂect improvenients in -

. railroad productivity. They argued that a productivity adjustment was needed to'make the RCAF- an

 index of railroad cost. The railroads resisted this notion. - The ICC did not seem inclined to're- |

 examine the issue until ordered to do so by the D.C. District Court. -Beginning in 1982 the ICC

 conducted a series of hearings on the productivity issue. These culminated in a 1989 order!$ |
creating an “adjusted” RCAF Index. The adjustment is based on the Index of Railroad Productivity
first proposed in 1982 by Douglas W. Caves and Laurits R. Christensen. To a first approximation
‘the index reflects nationwide changes in railroad ton-miles per unit of total railroad resource use
(capml labor, and purchased inputs combined). , '

‘ Undet the revised index, increases in industry productivity produce a downward adjusunent m‘

maximum rates. Since all companies in the industry are subject to indexing, the xndex effects a
sharing of the benefits of improved the performance from rate indexing with &pnve '

13 Data on railroad prices prior to the passage of the Smégers Act were not required to unpiément
the RCAF Index. The RCAF Index simply reflects the ratio of this quartec’s costs to those of the

ptewous quarter. :
14 Ex Parte No. 290 (Sub-No. 4), Railroad Cast Recovery Procedures - Productivity Adjustment,
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| shippess. |

D. IMPACT OF THE STAGGERS ACT ON INDUSTRY PERFORMANCE

We have seen that the Staggers Act allowed railroads virtually complete pricing freedom in
 competitive markets and established an index to adjust rates in less competitive markets. The '
railroads responded by turning their focus &omﬁghnngregmatorybmiesto competmgmthe '

‘- vtransportanon marketplace. The results have been striking.

Most dramanc, pethaps, has been the move away from tradmonal rates toward oontract rates.
» for both rate-regulated and competitive services. More than half of all rail trafﬁc now occurs under
. contracts. These frequeantly contain provxsxons governing such quahty-ot’-semce attributes.
Prmnszons for nmely service that are essential for just-in-time” inventory management are now
| common. Minimum and maxmmm volume provisions for specified time penods help railroads effect _'
| ‘ eost-reducuon plans. Contracts have also encouraged the construction of specxal:zed Ioadmg facilities.
' The effect of the Staggers Act on rate levels is difficult to assess due o the proliferation of "
‘,’contract rates and changes in the commodxty-composmon and average dxstance of hauis. Apparently, ’

N _ fates for coal traffic have, risea on average while rates for gram traﬂic have fallen. One study found

that the effect of the Act on the overall level ofrates has been ms1gmﬂcant. 15 This ﬁndmg is fairly
remarkably when we recall that the RCAP opetated without 2 ptoducnvxty oﬁ‘set until 1984. One

- : ‘- certainty is that the average rates for most railroads- (including competitive and market dommant '

, trafﬁc) have grown far less than the RCAF Index. See, for example, F'gute 1, wl'uch was submmed :
by Conrail in 1989 testimony to the ICC. ' o
~ In evaluating me benefits of the Staggers Act to shxppets we must also consndet changes in the

-

15 H. McFarland, "The Effects of United States Railroad Deregulation on Shippers, Labor, and
Capital” (1989), | ' I
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quaht:y of service. One study“s reports that rail’s mean transit time has decreased as a result of the
Staggers Act by nearly 30%. The authors valued the benefits to customers from the better service
that would have occurred from instituting reforms earlier at almost $5 billion in 1977 alone. This
result is striking since the study did not consider the full range of service improvemeats. For
- example, it did not quantify the benefit of reported i lmpmvemem in the time between a shipper’s
requestforsernceandtheamvalofawner. - ,
© The impact of the Staggers Act on the efficiency of the railroad industry has been evaluated in
~ productivity studm. A producnwty index for the railroad industry is depicted in Figure 2. A nsmg

B productlvity trend can be noted during the 1970's, as was mentioned previously.  All productivity -

~ growth during the 1980°s can therefore not be viewed as a benefit of the Staggers Act.

o - Figure 2 suggests, however, that since passage of the Staggets Act railroad producnwty

: growth has accelerated From 1980 through 1988 the compound annual rate of i mcr&se was 3.5%

. per year From 1982 through 1988 the rate was 5.5% per year. These figures are very high by any

; | r;mndard, productmty growth for the entire U.S. economy is typically less than 1% per year. In fact,
 in the 1980°s railroad productivity growth has been similar to that of the telecommunications mdustry B

: _ Labor wouomxs appw to have been one reason for the producnvxty growth. The declme in

- railroad labor is depicted in Figure 3. A study by the Association of American Railroads estimates
| v'k.that work rule concssxons and other labor economies resulting from the Staggets Act have reducad

average labor costs by at least 20%. Employment has fallen substantially. Almost half of the. decline o

BE' in the operatmg expenses that occurred between 1980 and 1985 was due to lower Iabor expenses. 1
- D&pxte these gains, it is important not to exag.etate the importance of labor economies in the '

mdustry s productivity growth since the Smg,ers Act. Chronically low rates of return gave the

" industry s:rong incentives to cut labor costs prior to the Act. The rate of labor force declme aﬁer
1980 is very much in line with the rate before 1980 -

. Figure 4 depicts the change in ton-miles of Class I railroads from 1948 through 1988. It can
be seen thiat the industry rebounded from the recessions of the early 1980°s to post traffic gains very

much in line with the trends of the 1970°s. This is an impressive accomplishment, since the Motor

. Ca;ner Act of 1980 removed many barriers to trucking mdustry competition. ‘The ability to increase

- 16 W’mston et al. M
‘7 C Bamekov fmg
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traffic can be attributed in patt to the lower. rates made possible by labor force economies. However,
a major &ctor has been improvemeats in service and more aggressive marketing.
' To summarize, the Staggers Act instituted a comprehensive reform of rail freight regulanon in
an e&ort to boost industry profitability and unlmh competitive market forces. While the effect of the
. Act on general rate levels is unclear, railroad customers have benefitted substantiaily from 2 more
- market-responsive array of rates and services. The rate indexing schemes, as revised, will ensure that
 these changes will not occur at the expense of capt.iie shippers.
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Section 5 -
ISSUES IN THE DESIGN OF RATE mm-:xmc PROGRAMS

Regulators confrontanumberofxssusmthedwgnofamemdenngprognm. The
- rmlunon of these issues has an effect on program success. We identify here some of the unportant ’
issues and provide a critical discussion of the options, We also indicate how these issues have been

' resolved in some operating indexing programs and in the FERC OEP proposal.
A. RATE INDEX FORMULA
- Two kinds of rate adjustment indexes are prmﬂy in large-scale use. ’Ihe first, which we

co vwdlalla "railroad style” mdex,xsdzatusedbydassllme-hanlraﬂroads Thlsapproachwasalso
' usedmtheFERC OEPproposaltomdexmtersta:egastransportanonma ' -

" We wxll call the second kind of rate ad_;ustment index i in large scale use a telecommumcanons- - ‘

- »‘style index. It was first used in the indexing program for British Telecom and has since been used m '
 the programs for British Gas and the British electric utilities. In the United Stats itisusedin -
| virtually all of the programs for telecommunications companies. '

While these indexes differ fundamentally, they are both rationalized by a basxc theoretxcal
result: that the traditional rate adjustmeant process can be approximated by an mternal rate adjustment
index. We now consider this line of reasoning. There follows an explanation of how the mtabhshed

‘indexing approaches follow from this reasoning. |

~ HOW INDEXES APPROXIMATE TRADITIONAL RATE ADJUSTMENTS

| Under traditional cost of service regulation, a utility earns only a competitive rate of return _orx
its capital investment. This is achieved by setring_ rates to recover a revenue reqrxirement that equals
its cost of service. The cost of service includes a reurn on capital at a rate like that earned in the
long run in comparable unregulated industries. It is then approximately true that the percentage
change in the revenue requirement of a utility equais the percentage change in its cost of servicg‘ in
each period, t: | : |
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% change in revenue, = % change in cost of service, : )

A period may be taken to mean a quarter or a year, '8 |

Consider, now, that the cost of each kind of input used by a utility is the product of the
- quantity used and the price (unit market value) of the input. It follows that the cost of service can be
decomposed into an input price index and an input quantity index!® such that: '

% change in cost of service,
= % change in input price index, + % change in input index, : B )

The percentage change in the cost of service is the sum of the percentage changes in the input price
and quantity indexes. _ - o : »

- Similarly, the revenue from each kind of service offered is the product of the volume sold and
the unit price of the service. It follows that the total revenue requirement can be decomposed into 2

. rate (output price) index and an output quantity index such that: ‘

% change in revenue requirement,

|

= .%éhangeinrateindex, + %1c!umgeinc:ut;mtindex't ' S (3

| The rate of change in the revenue requirement is the sum of the rates of change in the output price
and quantity indexes. ' |
Relations (1), (2), and (3) imply that adjustments in output prics conform to the following
relation: ' ' : :

18 Here " =" denotes "approximaxely equals”.

9Relations (2) and (3) bold exactly for indexes of the Divisia form. They are derived by taking the
logarithm of the revenue requirement (or cost of service) and differentiating with respect to time. In
practice, these continuous-time indexes must be replaced by discrete-time indexes that measure the
percentage change between discrete periods of time such as a quarter or year. The percentage change
in the value of a variable is taken to mean the logarithmic rate of change betweea its value this period
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% change in rate index,
= % change in input price index, - ,

- (% change in output index, - % change in input index). == = @)
f"I'he dlffcrence between percentage changsmanouqmtandmputmduuthepercenmge changexna
total facror Dproductivity u:dex. It follows that
%changemratemdcxt |

= % change in irlpu; price indu,- - % cliange in productivity index,.

o o L e
| ‘Rclanon (5) tells us. that the percenmge change in the rate index is approxunately equal to the

o " o 'dxﬁetence between the percentage cha.ngs in an input pnce index and a productivity index. It
o follows that the tradmonal rate adjustment process can be approxxmated by a index consxstmg of ;

) _submdexu for mput prices and pmdumvxty

| The mdex)ustd&scn'bedxswemalmdxe sensedxatxtad;usu auu’lxtysrataon the basxs of .
its own input price and ptoductmty performance. Success in trimming input prices or in boosting

~ productivity would cause an internal rate adjustment index to turn down. A rate adjustment index -
used in mcenuve regulation must, in contrast, be insensitive to the current performances of mdmdual _
compama It must also confer the expecmnon of rate adjustments that utilities and their customers - |
- can live with. The railroad and telecommunications-style indexes accomplish this in different ways.

 Railroad-Style Indexes ‘ |
- We have noted that the Staggers Act of 1980 decontrolled rates for many rail services and
‘gave railroads a free hand in offering new rates and services. Indexing was instituted for the rates of -
services offered in less compedcive markets. The RCAF can be summarized in the following relation:

31



% change in rate ceiling,o™Puy

= % change in input price index, ey
' - % change in productivity index 27 , . (6

- Although similar to the index in relation (5), the input price andptoductivity indexes for the company-
 are replaced with those for the entire railroad industry. The index thus insures that changes in the
- indexad maximum rates of individual companies are eonsxstent with normal long-run profits for the .
', As noted earlier, a key feature of the RCAF Index is that it measures the input price and
productivity performance of companies that are subject to rate indexing. Improved industry
pefformance due to stronger incentives thus. results in a higher ptoductivity offset that slows the -
v : increase in maximum rates to captive shippers. 'l'he RCAF Index thus helps captive shippers to share
“in the benefits of the Staggets Act. . ‘
. Anissue in the design of railroad-style indexes is the timeliness of the productivity
_ adjusnnent. In prmcxple, the ptoductmty index can measure the change in productivity: occurnng |
" during the same period as the input price mdex This approach results in what we wxll call an a
: *unsmoothed rate adjustment index. ' '
| . Unsmoothed indexes are not used in practice for several reasons. Most notably, much of the '
| _ data needed for 2 good productivity index is available only thh a two-year lag. Good mput price N
. indexes, on the other hand, can be constructed from more recent data. It is common, then to ad;ust .
- maximum rates wnth indexes of current input price changes and prior produc:mty changes.
. ~ Since producnvxty is volatile, it is also common to smooth the productivity index by usmg a
' moving average of the annual percentage changes in productivity in recent years. The RCAF Index,
for instance, ‘nOW uses as a productivity offset a two-year old average of produenvxty growth over the
v ptevxous seven years. This approach has an added advantage to shxppets of de!aymg the pass-through
mmesofthepmducuv:tygmnsfrommemdexmg C

R "‘l'e!eeommmxications-Style" Adjustment Indexes

. - We begin our explanation of the telecommumanons-style indexes by noting that some uulmes
(eg AT&T British Gas ‘and British Telecom) do not coexist with a large number of comparable
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firms as U.S. raﬂroadsdo Accordmgly,adxffetemhndofrarzadjusmemxmiexwasneededrhat

dxd not require comparable-firm data.

Think of a national economy like that of the U.S. as 2 huge competitive industry. As such, it

&ms only 2 competitive rate of return in the long run. We may t!wnpos:tthatmﬂanonmdze
wonomy $ output pnca conforms to the following relation, which is analogous to relation (5):-.

% dmige in output price indextUs

= % change in mputpnce xm:lext
- % change in productivity mdex"’s

3 S'uppose, now, that the rate of input price inflation in the U.S. economy is similar to the

percentage change in a company’s input pnca
% d:angem i_ggg:pﬁcefindgx,.m = % change i mpﬁa indexUS
Relaions (7) and (§ them imply thar
| % change in input price mdex,“’"’i"""

=% change in output price i-ndo.’.x,Us .
+ % change in produc:ivity indexUS

Moreover, the rate of change in’ the rate mdex of the company would conform to the followmg
| ‘relanon. ‘ '

% -change cate index;*o™PeY

= % change output price index,US
- (% change productivity index,”™™* . % change productivity index,qs)
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- The percentage change in the rate index of the company is approximated by the difference between
the petcexmge change in an economy-wide inflation index and a certain percentage productivity
Q,ﬂ’;g;. The percentage productivity offset is the difference between the current producnv1ty growth
rates of the company and the economy. L
We seek now a rate adjustment index that confers an expectation of fture rate adjustments

| ~ that the company and its customers can live with. A telecommunications-style index can accomphsh '
, vthxs by replacing the productmty offset in (10) with a fixed percentage offset. This offset reflects the

expectation at the start of the indexing pmgram of the difference in the average producuvuty growth
B of the company and the economy during the rate indexing program. An expecanonofthxs type is

- often based in on the measured difference in the producnvny trends of the company and the economy

in recent years.. An adjustment may then be made for expected acceleration in the company’s

| , productmty growth under the stimulus of rate indexing.

3 .- A major issue in the design of a telecommnmanons—style index scheme is the choice of a
' "subindex for U.S. »output ptices. 'Ihe follqwing are obvious candidates:

e Fixed-wexght price mdex for GNP
- e GNP pnce deflator

- ¢ Consumer (retail) price mdex

‘e Producer price index

. The ﬁxed-weight ptice index for GNP provides the basis for the AT&T rate indexing progi‘ahi. ;I‘he
- GNP price deflator is used in the Buckeye Plpe Line program. Retail price indexes are used i m the

x Btmsh programs. In our view, the GNP price mdexes best represent the general trend of output
' pnca mtheUS economy.

/A COMPARISON OF THE MAJOR INDEXING APPROACHES
- | A companson of the major indexing alternatives reveals that neither is decxdedly more
. 'appmpnate for the interstate gas transportation industry. The main advantage of a railroad-style
_ mdu xsthatxtwouldbe expressly designed to track trends in the costs of the gas transportation. .
'~ industy. The mput price index would be specific to the industry. The productmty offset would |
- mpond over time to.change in the industry’s productivity performance.
- One shortcoming of the railroad-style index is its.complexity. The ongoing measurement of -
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- input price and ptoducnvxty wends is a non-neghgible sk, Small details of the indexing approach
may be dxsputed by interested parties. '
o Another shortcoming is that it may not be possible to base a railroad—style index for gas
.tnnsponets on the performance of companies subject to mdexmg Absent such a coverage, the index
will not reflect an improvement in performance due to the rate indexing incentives. Itthereforedoes -
-»notensurethatbeneﬁsofmdexmgarepassedthmughtocapuvewsmm .
At the extreme, where only one mtetstate gas company is subject to indexing, a railroad-style :
~ index x_neasures the performance of typical firms under traditional cost of service regulation. While
this is a useful benehmark, the volunteer company may be asked to propose an additional rate
' dlsmunt to facilitate sharing. A additional percentage offset like that found in telecommumcanon— :
- style index is one possibility. : ’
| - Telwommumcanons-style indexes are largely free of these faults. Productmty research may |
be warranted inidally to help establish the percentage offset. However, the subsequent operation of
: the index relies only on widely-published inflation data. Since the productivity offset is specific to the :
firm, data from other compames sub]ect to indexing is not needed to effect a sharing of mdexmg |

: 'beneﬁts.

B. OTHER ISSUES

- NATIONAL VS. REGIONAL INDEXES | |

- An important issue in the design of railroad-style indexes is whether they should be re'gioixal

- or national in scope. The RCAF Index is national in scope. So t0o0 is the index proposed by the

FERC OEP. In prmcxpal however, the mdustry may be defined as a group of compames opera:mg

m a certain region. ~ _
In the interstate natural gas mdusn'y national indexes have an advantage discussed below, of

being more readily calculated from existing data. However, national indexes make rate adjustments

 consiscent with normal long-run profits for the industry nationwide. To the extent that the indusery’s

performance differs across reglons, this approach may produce regional windfall gains and losses to

companies and their customers. ’

| This issue is not of major concern xf the program applies to companies nationwide since gains

in some regions will offset losses in others. However, the issue may well surface if volunteer
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companies propose to adjust rates for indexed services using a national index. They may be
challenged to demonstrate wy their furure price and productivity performance should be like that of
the nation. Failing such a demonstration, they may be asked to revise their proposed mdex ina
manner that provides an expectation of shared benefits. '

FREQUENCY OF REVIEWS »
The frequency of reviews varies substantially among current rate indexing programs.
 Regularly scheduled rate reviews have been abandoned for class I line-haul railroads. More
commonly, an interval of three to five yurs is scheduled at the start of the mdexmg program before
‘the program is reviewed. - : :
, The frequency of reviews plays a key role in the strength of the regulatory lag effect. As
. reviews become less frequeant, incentives to improve performance strengthen. We are comfonable
with a canceilation of scheduled rate reviews, with the exception of occasional refinements to the
index itself. We also feel that an interval of léss than five years reduces the net benefits of an.
| mdexmg program substanua!ly Since three-year intervals between reviews are presently common for . '~
" interstate gas eompames, we propose a minimum mter-revxew penod that is double t!ns, or six years -

REVIEW METHOD A

Indexmg programs are eommonly vague as to the methodology to be used in regularly—
scheduled program reviews. The method employed has a major beanng on incentive effects. If
- companies feel thax performance under the first lndexmg penod sets the standard for the next one,
- inceatives will be greatly reduced. , _
) The lack of a clear review procedure gives regulators more dxscreuon during reviews, wlnle

ngmg companies some hope of keepmg efficiency gains. On the other hand, inexplicitness may

prompt companies to assume that adjustments to the program ' will be ex:remely sensmve to theu'
recent performance. : : L o

‘In light of these remarks, we feel that the resoluuon of the issue contained in t:he FERC OEP

. proposal i is worth serious. consideration. They suggest penodxc rate ad)usunents based on a shanng of

eost-savmggams Iqthexrwords

a fraction of the difference between the indexed and acxuzl eosts would be. added to other -

aceountmg costs to estimate the overall cost of setvxce. Thus, if accounting cost is less than
‘ . .
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the indexed cost, the pipeline would share its profits with ratepayers. If actual accounting )
cost exceeds the indexed cost, then the pipeline would share its loss with ratepayers.2?

20Bx‘owng al. op. cit, p. .
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. Section 6
FASHIONING INDEXES FOR INTERSI'ATE GAS TRANSPORTATION RATES

Rate indexing is a promising alternative to the FERC's current method for regulating gas
transport rates and services. The construction of railroad-style and telecommunications-style indexes
are based on indexes of industry input ptoductmty trends. In this section we address the practical

- problem of developing the supporting indexes.

The plan for the section is as follows. In part A we ennmerate'me basic steps in the
calculation of rate adjustment indexes. In later parts we discuss the component output, input pnce,
and input indexes in turn. '

A. BASIC STEPS IN INDEX CONSTRUCTION

" RAILROAD-STYLE INDEXES

, Under raﬂroad-style mdexlng, we have seen that the percentage change in maximum rats'l‘ -
for. cermn services equals the difference between the. percentage changa in an mdustry input price -

B index a.nd a productivity offset. The ptoducn\nty offset is based on recent trends in mdustry mputs _ -
. and outputs. Thus, a railroad-style rate adjustment mdex has subindexes for mdustry mput pnca

input quantities, and outputs.
The basic steps in the calculation of a railroad.-style adjustment index are as follows: .~ -

1. Construct the necessary subindexes
 input price indexindusay

output indexidusry
input quantity indexindusy,

A We sldstep here the issue of whether the index applies to individual rates or the average rate of

' the company. An average rate approach permits prices for some services to rise faster than the index so

long as prices for other services rise less fast. This ﬂexiblhty has advantages, but reduces the protecnon
afforded to captive customets .
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2. Use the mput pnce index to measure the axrrent petcentage change in the mdustry s
_ ~ input prices. '

3. Use the input and output mdexa to measure the petcentage changes in the mdustxy s

_ productivity over a recent sequence of years. ‘ L
4, Use the results of step (3) to calculate the gverage percentage change in producnvxty '

dunng this sequeance of years.

5. . Calculate the percentage change in maximum rates usmg the results from steps (2) and
@).

" TELECOMMUNICATIONS-STYLE INDEXES
 Under telecommunications-style indexing we have seen that the rate t_if chénge in the rate
' adjustment index equals the difference between the current inflation rate and the percentage offset.

| -~ The basic steps in the construction of such an index are as follows:

L Select an index of economy-wide inflation.
2. - "-Obtain from this index the current inflation rate. _
‘_ Construct the component indexes for the measurement of company productmty

input index ompeny
‘output index®>TPY

4, Use these indexes to calculate the percentage changes in company productmty over a
recent sequence of years.
S. Compare the results in (4) to the long run growﬂ: rate in economy-wxde productxvxty

Adjust as necessary to obtain a percentage offset.
6. Caiculate the percentage change in average rates using the results from steps (2) and .

-
- B. OUTPUT INDEX

The percentage change ina conventional output-index is a weighted average of the percentage

39



chang&s in the volumes of various services provided. The weight asmgned to each output category is
~ the share of that category in total revenues. The construmon of a conventional output index thus
requires detailed data on revenues and volumes sold.

- The desired detail is a breakdown of these variables by important output categories. The
‘main distinctions between the services of gas transporters are becween service functions, quality of
service, and distance served. The major setvxce ﬁmctions are gathering, transmission, storage, and.
~-merchandising. Interruptibility is the major quality attribute. The distance served differs greaﬂy for
gas—ﬁeld short-hauls and transcountinental shxpments

' LIMITATIONS OF FERC DATA - _

The pnmary source of data on revenues and service volumes is the Form 2 reporrs that
mtei'state pipeline companies file with the FERC. Certain data from these reports are pubhshed in the
Energy Information Administration’ s (EIA’s) mm:.mw

© Results by kind of service are reported separately in the Statistics only for sales and unbundled
- transportanon deliveries. There is an extensive breakdown of deliveries by customer type for sales
but not for transportation services. There is no published bteakdown of volumes on the basis of
G mterruptx“bdlty or distance shxpped In eﬁ’ect, then, pubhshed data do not provxde the b&sxs for a-
- detailed output index. ‘ '
- The FERC OEP. used mmmmnp_; as its output index in its rate mdexmg proposal

L »Intetsmte dn'oughput is the sum of sales and unbundled transpomnon deliveries. This variable is not

a dwtable measure of interstate gas cranspomnon output. Its most important shortcoming is ns
insensitivity to change in the average distance shipped. " A shipment of one mile counts the same as
one of a thousand miles. Throughput also fails to distinguish between: delxvenes between mterstate
| companies and those to compames outside the interstate system. A shxpment involving the servxcu ot‘
several interstate compamu can thus be counted several times.

~ Thei xmpomnce of these shortcommgs can be illustrated by a look a data for the 1980°s. In
that decade, take-or-pay problems and FERC’s policies to resolve them™ stimulated shipments -
. involving the use of nmlnple interstate companies. Inzasme throughput has oonsequemly trended
upward since 1977 dspme a downward trend in eonsumpnon " Its use’ m a rate mdexmg scheme
might thea resuit in price adjustments much less appropnate than would occur usmg a distance- -

[T

2 Examples are the special marketing programs and Order 436/500.
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sensitive index.

A PRICE-DISI‘ANCE MEASURE OF OUTPUT

‘ A major accomphshment of this project has been to devise an alternative output index that
| adjusts for distance shipped using only regularly published data. The index measures the output of 2
- gas transportation system defined as all gas transporters (except for those in Alaska and Hawaii) that
fill out Form EIA-176: the "Annual Report of Natural and Supplemental Gas Supply and

. Disposition." The rapondents mclude many distribution and transmission comipanies that are -

"connectedthh,butnotpartof themtetmtesystem. - !

' Theoutputofagastransportet:sdeﬁnedastheacuonofrecewmggasatonepomtmthe
| 'system and dehveung gas at another point. This i is a reasonable assumption for the transport of a

' homcgeneous commodlty like processed natural gas. In practice, gas transporters deliver the same
. molecules of gas to a requested locanon that they receive &om a customer only by chance. To do

otherwxsewouldbetomxssoppomuatomxmmxzecosts ’ 1

_ Undet thls approach a g:ven change in the volume shipped from 1l‘exas to New York wﬂl

L have a greater xmpact on output than the same change in shipments between pomts in Texas. Ifa

‘certain flow of Texas gas were dxvetted from Houston to Buffalo and all other volumes were '
unchanged output would nse More generally, output would be sensitive to ﬂuctuanons in shlpments

. to regxons far from gas exportmg states such as Cahforma, the upper midwest, southern Flonda, and

~ the northeast. These are regxons in which gas consumptlon is at once large and variable due to its
" sensitivity to swings in the prices of competing oil products.

v Data are not published on.shnptnents between various points in the transportation netwoﬂ':.

But there ar_e 'sta;e-level data on the volumes of marketed production and on deliveries by gas

" transporters to residential, commercial, industrial, and electric utility customers. We also have state-.

‘level proxies for the market value of a unit of gas at delivery and receipt pomts The average | '
‘wellhead price of gas is a good proxy for market value at receipt points. The average price of gas
"delivered to consumers (the so-called burner-Up price) is a good proxy for the market value at

: dehvery points. :

4 We have proven ‘that under reasonable assumptions these data pernnt us to construct an index
of the output of all gas transporters thhout data on volumes shipped between points in the system.
We will call this a price-distance approach to output indexing. The hrice—distance output index is
based on the fundamental theoretical resuit that the difference in gas nricec at receipt and delivery
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‘poum linked by trade roughly equzls the unit transportation charge. It can then be shown that the

' percentage change in an index of output is the difference between the rates of change in indexes of

delxvenes and receipts. : v
The percentage change in the receipt index is a weighted average of the percentage changes in

importation and marke:ed production in each of the lower-48 states. The shares of the states in the

 total value of gas importations and marketed produenon serve as weights. A unit increase in recexpts }

_will then have a greater impact on output in states with lower supply prices.

. The percentage change in the delivety index is a weighted average of the percentage changes

. in deliveries to residential, commercial, industrial, and electric utility customers in each of the lower-

'*'48 states. ‘The shares of the states in the total market value of gas at the burner tip serve as wexghs.

A unit increase in dehvenes will then have a greater lmpact on the output index in states with high
bumer-np prices. ' ‘ _

. - To better understand this approach, suppose as before that 2 certain flow of gas ﬁ'om'Texas
- wells is diverted from Houston to Buffalo. The receipt index is unchanged since the Texas producet »
s markeongmesameﬂow of gas as before. Thedehverymdexreg:stetsadedmem'l‘exas : '

.delxvene: and a rise in New York dehvenes Since the burner-tip price of gas is hxgher in New York. .
o ,~than in Texas, there i 1s a rise in the dehvety mdex It follows that the output. mdex rises as befote '

- Some llmxtanons of the ptoposed output index merit note. An obvxous one is that it measures :
g theoutputofthe entire gas transportsystem, notjustthatofthe mterstatesystem It is then accurate
only to the extent that rates of change in the output of the entire system are similar to rates of change :

'~ in the output of the interstate system.

: ~ There are reasons to believe that these rates of change will be similar. A handful of states B

' ‘account for the bulk of U.S. natural gas production and importation. While some of these: states are

j,large gas consumets, most of the gas is shipped to other states. Intetsme trade in gas is thus
extensive. The percentage change in the output ot‘ distribution companies that receive gas from the
interstate system should thus be sunilar to the percentage change in the output of the interstate system.
o Desplte these assurances, there are two sources of legitimate concern with the pnce-dxstance

..mdel: as a measure of interstate system output. Other gas transporters may experience dxffetent

changes in the quahty of trampomnon services over time. Secondly, growth in dehvenes in Texas

~ and other producmg states served pnmanly by intrastate plpelme companies may differ from the

' growth rate in delivecies to interstate markets. We are not aware of research that would indicate that
- the net effect of these problems would be to bias the price-distance output index. '
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The price-distance approach_ t0 output indexing places restrictions on the kind of rate indexes
we can construct without new data. Specifically, a national output index corresponds to national input
pnce and quantity indexes. Qur xndustry is therefore the aggregation of major interstate gas pxpelme
‘companies. No individual company has an apprecxable effect on the petformance of tlns aggregaxe |
Hence the index can in principle be used to adjust the rate ceilmgs of individual companies.

' B. INPUT PRICE AND QUANTITY INDEXES

: . The percentage change in our input pnce mdex isa wexghted avetage of the percentage |
- 'changes in the pnces of vanous inputs. The weight for each input is a simple avetage of its share in

' - total cost this period and last. To construct our mput pnce mdex we therefore need two kmds of
' information. One is the total cost of service and its breakdown between input wegones. The other

¥ is the percenge changes in the corresponding input pnces ,

: ~ Our. mput quannty index is simply the ratio of total cost to the input pnce index. The B
o percentage change in mputs xs then the dlfference between the percentage changes in total cost and the '
- input pnce index. Thxs treatment ensures that total cost is the product of the mput price and quannty

S mdexes.

GENERAL DATA AVAILABILITY
’ Genetally speaking, data on the input utilmon costs of interstate gas transporters is of hxgh
quality. The main source is once again the Statistics. Good data on most of the prices paJd by
' mterstzr.e gas pxpelme companies are less rudxly available. This is a common problem in mdexxng
work. We are forced to rely partdy on proxy variables such as common measures of mﬂanon Price
proxies are satisfactory to the exteat that the percentage change in their values over time are similar 0o
‘the percentage changes in the prices paid by gas transporters.

OPERATION AND MAINTENANCE COSI‘S
- The major eategones of operation and maintenance expenses for interstate gas pipeline
* companies include: purchased gas for resale; other gas supply expenses (FERC Account 813); )
employees; transmission and compresszou of gas by othets (FERC Account 858); and gas used in
utility operations. A list of operation and mamtenance expense categories employed in the present
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study and the price variables assigned to them is presented in Table 1.
' . There are several features of the breakdown that merit note. Other operation and maintenance )
~ expenses include one of the most important expenditure categories — other gas supply expenses.
- These consist primarily of take-or-pay expenses. The inclusion of take-or-pay expeases in 3 rate
index is controversial. Absent regulation, they could be viewed as 2 part of a normal cost-minimizing
- supply strategy. During the 1980’s, however, these expenses rose dramatically after FERC Orders
- 380 and 436/500 aitered the purchase obhganons of interstate gas company customers.
Note also that revenues from certain sales not subject to rate regulation are treated as
"negative" inputs. This u'eatment is consistent with the usual practice of subtracnng these revenues
from the cost of service before determining rate ceihngs '
, The item "other revenues not subject to rate regulation” has been excluded from the
S computanou of the input: price and quantity mdexes pending clarification of its nature. Several other
~ input categones are also excluded from the mput indexes. One class of exclusions is those necessary |
, to confine the rate adjustment index to non-gas costs. Any cost that is. allomted solely to sales
| - customers can be excluded on these grounds In the present exercise we have excluded only.
'."purchasedgascostsonthxsbasrs . o ' .
' » Services purchased by individual interstate compames from other transporters are. excluded
~ from the input pnce xndex but not the input quantity index. ‘rhxs treatment is l’antamount to assuming. -
~that prices of excluded itetns change at ¢ the same rate as the index for the mcluded pnces '

' CAPITAL COSTS

- A typical gas pipeline company holds an array of production assets m ‘pursuit of i m business.

: Lme pipe, compressors, structures, meters, gas wells, and stored gas are some of the more unportant,
- categories. The cost of holding these assets is the dominant cost of opetanng a gas transpomtxon -
| Ourapproachmpmducﬁvicy indexiugtequiresth'atcostsdecotnposeinm a’priceanda' |
quantity. Two kinds of capital cost data are needed to implemeat this approach. One is the current '
ammual cost of holding capital. The second is the rate of change in the capital “price™. By price, we

- mean 3 dollar-denominated value that, muitiplied by the size of the asset stock, yields the current cost

of holding that stock. :
The specification of these items is a nettlesome issue in the construction of rate adjustment
'mdexes. ‘In dus section we tty to shed some lxght on the problem.. Methodologles are consxdeted for .
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mlculanng the cost of holdmg capltal equxpment. Details of the capml cost treatment in the- present.
study are also discussed.

THE NATURE OF CAPITAL COSTS

For many goods and services consumed by pipeline companies the treatment of cost is
straightforward. The products are consumed as used and are’paid for in their'yw of use. The cost .
of their use is then approximated by current expenditure, which is the product of their price and the
‘amount purchased. Treamment of capital cost is more complicated. Some capital assets are durable
goods thar generate services over many years. Such goods continue to hold resale value even when
-used. Itis then i improper to assign expenditures on them to the year of their purchase as a cost. _
: Some non-durable goods maintain their market value if stored. ‘When such goods are purchased and

= stored for later use, it is mproper to assign expenditures on them to thexr year of purchase as a cost.

v Whar, then, is the current cost of capital? Abseat taxation, a company incurs three kinds of
-_eost as an owner of producnon assets. One is the opportunity cost. The company could sell the asset

and mvest the proceeds in other ptoﬁtable acuvmes. The size of the opportunity cost depends on the S
L rate of return on altemanve mvestmexm and on current asset prices. A swond cost of capital i is

.dmmgngg, An asset declines in value as its remaining useful life dechnes. Ihe size of the loss -
‘Valsodependsoncurrentassetprxces : ' Co s
© The third cost of capital is capital loss. Smce prices of capital assets change over time, ﬁrms‘ v
- 'holdmg assets incur capital gains and losses. A capital loss adds to the cost of capital while a capttal -
gain reduces it. 4 ' B o
Taxation complicates the analysxs of capltal costs in several ways. : The company may mcur _
: »property taxes on its production assets. By holdxng assets, the company may also generate mcome
__ sub]ec: to income taxes. The net e&'ect on the income tax burdea is usually smalleér than the gross
'-sxnce depreciation is tax-deductible and new investment in some assets produces tax credits. S

COST OF STORED GAS _
_ ' Underground storage is an mpomnt part of the interstate gas tramport system. Twenty-two
- _"'of the eompames consxdered in this study owned underground storage facilities in 1988. Many of the
others were specialized pro;ect pipelines owned by compames with storage facilities.

. For purposes of rate indexing, the equipment used to operate gas storage facilities is treated
: -like other kinds of capltal equlpment. There remains the i xssue of how the stored gas itself should be
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 treated. However they are measured, vthe stored gas costs of gas pipeline eumpanies are voletile.
Two' factors are primarily responsible for this. The price of natural gas in the United States hasbeen
extremely variable since 1970. Year-end stocks of gas are quite sensitive to wmtet weather _ ”
 conditions. _ ' . L
| Inclusion of sidred gas costs can for these reasons hamper the measurement of the Iongm

" trends i in gas pipeline industry produc:mty ‘Since our objective in this study is to measure long-run
trends, we have elected to exclude stored-gas costs from this analysls.

TREATMENT OF CAPITAI. EQU]PMENT COSTS BY THE FERC : :
Themamsourceofdataoncapltalcostsxsthem necharactetofthlsdataxsheavily
o 'mﬂueneed by its use in FERC regulation. We have seen that interstate gas transport rates are
v | estabhshed by a cost of service method. This method requn'es a measure of capital costs. Three

. 'kmds of costs are allowed for capltal equxpment. deprecxauon, depleuon, and amortization of the rate )

o »base, aremmontheratebaseandtaxes. Theratebasersdeﬁnedasthevalueoftheeompanys .v

' 'plant that is used and useful" in gas service, less the accumulated provision for deprecxauon

o depleuon, amomzanon and accumulated deferred income taxes, plus worhng capital.

Allowed capltal costs thus depend greatly on the method used to value producuon assets. The v

K FERC values assets using the original cost method. Indxvxdual assets are valued by their price at time. -

of purchase Additions to plant are thus assigned a current market value. However, the reported
_ ’values of total plant, depreciation, and retirements are "book” values that reflect asset pnces a the
' times that the various assets were purchased. Thus rates for gas transport services are not ad)usted
for capuzl gains and losses. Since asset prices have risen substantially over the yeers book values
for gross plant, deprecxanon, and retirements tead to be sxgmﬁmnt.ly below the current matket values
of these items.

ALTERNATIVE TREATMENTS OF CAPITAL EQUIPMEN'I' COST
In this study, we consider three alternative treatmeants of capital costs. The first, which we
will call the cost of service method, is a eonscxous attempt to approximate the workings of cost of
service tegulauon. The second treetment, which we will call the RCAF method, is similar to the
treatment of capxtal costs in the RCAF Index. The third approach which will be called the
| ‘Chnstensen—!orgenson method, is a ngorous way of esumanng the full economic cost of capital. In
this section we describe each method only briefly. Further details are found in Appendix B.
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_ Qqagﬁ;mmﬂ The cost of service treatment of capxtal costs involves three cost
eategons taxes, depreciation, and return on investment in gas utihty plant. Each category is
assigned its own price index. The cost of depreciation is measured using the reported values of
depreciation and depletion and amortization. The price assigned to this cost category is a simple
average of the past thirty values of an index of gas transmission industry asset prices. The return on
£as utility plant is measured as the product of an interest rate and the book value of net gas utilicy
‘ plantmdxeprevxousyeu Thepnceasslgnedmthncategorymthepmdnaofanmterestmeand :

the asset price index. :

i Taxes are measured by tax outlays — mdudmgptovnswnsﬁotdefetredmcometxxesand
mvestment tax credit adjustments — as teponed in the Statement of Income and Retained Earmngs.

~ The price assigned to this cost category is the ﬁxed-we;ght price index for gross-national product.

RCAE_Mmm The second alternative exammed in this study is sumlar to the approach o
E capltal cost m&surement employed in the RCAF mdex. Here three categories of capxtal cost are
- eonsldered. :

Depreciation
Taxes
. !

- Net Intereqt_

. This bmkdown differs from that under the cost of sennce me:hod by the exclnsxon of a rate ot' return .
Vonownedcap:tal ‘ , _ '
) ‘Ihetr&unentofdepreaauonandtaxesud:esameasmd:ecostot‘setwce med:od. Net
'muestnsmmutedasNetIntetestChargaasreportedmtheStatementonIneomeandRetmned
Earmngs Anmerestmexsasslgnedtothuassetmegoryasapnce. '

Christensen-Jorzenson Method. Methods have beea developed for calculating the full

=  -economic cost of capital and the rate of change in the "price” ofapntalt‘rombookvaluedam. In this

study we employ a method that was first detailed in Chnstensen and Iorgenson (1969), a study of
. aggregate U.S. capntal costs. The method is based on two basxc results of rhe economics literature.
One is the perpetual inveatory approach to asset valuation popularized by Goldsmith (195 l) The .-
 other is the neoclassical theory of capital accumnlanon dlscussed in Jorgenson (1963).

|
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oo l _
. The Chnstensen—lorgenson method was first used to analyze utility costs in the Caves,

k Chnstensen, and Swanson (1980) study of productivity in the U.S. railroad mdustry Gollop and

Karlson (l980)usedthe methodnomeasure the capital costs of U.S. electric companies: A similar

‘ methodlsemployedbySmg(1987)masmdyofdxeeostxofUSgasanddecznccompam&.

. WemaythmkoftheChnstensen—lorgensonmedxodascrmnganmdexofthepncea

| eompanywouldpaymaglvenpenodmrentthememthatumnyowm Theappmachfor

’_"capxtzleqmpmentmvolvecthreesteps F‘mt,acapnaleqmpmquanntymduxsaeatedusmgan
index of gas transmxsslon sector costs, an estimate of the average physical depreciation rate, and da.ta

'onthevalueot'netplantmabenchmarkywandofaddmonstogasplaﬂtmlamyurs The second .

C stepxstocalculateasetvxcepncemdexforcapmleqmpmentusmgmesamecostmdexanddataon

tax rates, deptecxanon rates, and the rate of return on alternative i investment. Multiplying these '
- indexes together, we estimate the wononuc cost of capital. '

~ D. EVALUATING THE ENCOUNTERED PROELEMS

 To recap the results of pérrs B and C, two kinds of problems were. encountered in
constmctmg mput price and productmty indexes for interstate gas transporters.  One problem, the
vtrwment of capital costs, is common in rate indexing. The arguments for alternative approaches are
) 'parallel to the arguments for different valuations of capital in rate regulanon We devised input and
| quannty indexes based on: the economic theory of capital costs; the RCAF treatment of capltal costs;
-and. the cost treatment used by the FERC.
‘ The second major problem confronted in the indexing work was the treatment of outp.ut,.» The
published EIA data do not permit the construction of a conveational output index. The FERC OEP
- proposal uses interstate throughput as an output measure. This measure is inceative to distance
 shipped. We devised a price-distance measure of output as an alternative to the OEP approach.
. Though based on data for the entire gas transport system, it is more sensmve to changes in dxstance
- shipped. ,
Our development of an alternative output index should not be interpreted as an outright
rejection of the interstate throughput index. We suspect that the interstate throughput index provides
a poor measure of output changes during the 1980°s. The price-distance output index can shed light
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on the extent of this dlsmmon. However, the distortion may be less in future ym when the pace of
lmdustry rstmctunng slows. . ' |
Sp&kmg more generally, indexes must be credible to induce companies and then' customers
to abandon traditional reguiation. Credible indexes require quality data. Abseat new data collection
_ mmanvu,mead;ummmdexamustalsobebasedonavaﬂzbledm Inevetyregulated mdustry
~ published data are not fuily satisfactory for rate indexing. '
: Themte:smegaspxpdmemdxmunotanexcepnonmdmnﬂe. Like other industries
e whxch have considered rate indexing, it must therefore face two questions. First, what are the best
| ,. mdexa available from published data? Secondly, do the best feasible mdeia provxde a sansfactory
: bas:s for rate indexing? : '
. We feel that the indexes explamed in this secnonarethebatthatcanbe derived from
' pubhshed data. The decision as to their adequacy must be left to others. To facihtate such an
' evaluanon, we provide some empirical results using these indexes in the .followmg section.

50



Secd_on 7
EMPIRICAL RESULTS

 In Section 6 we addressed the practical matter of constructing rate adjustment indexes for
interstate gas transporters. Both railroad- and teleeommuniaﬁom-style indexes are based on indexes |
- of productivity growth. The mdexmg of gas transportation mdnst:y productivity is eomplmted by
- ' unusual problems with output data and by the common problem of specifying capital costs.
Alternanve approacha were devised to deal with each of these problems.
In this secuonwereportsomeresultsofonrmdexmgwork. Resultsatedlscussedmmmfor
" the alternative input and output indexes, and for productivity and rate adjus:ment mdexes that make
o use of them. A large number of productivity and rate adjustment indexes can be calculated from the
o _ altetnanve output and input indexes. We report here full resuits for only a few of the possible
' combmanons '

'A. SCOPE OF THE RESEARCH

 Indexes were estimated using aggregate data for major interstate pipeline "compa'nies in the
| 1977-88 period. 1977 is sufficiently far back in time to permit some smodthihg out of short-tei"m B

swings like those resultmg from the rise and fall of oil prices. At the same time, 1977 is recent
- enough to be deemed relevant to the world of the 1990°s.

Before 1984, the EIA and predecessor agencies published data on all Class A and B intetState .

pipeline companies. Since 1984, only data on the “major” companies have been published. These
are companies whose combined gas sales and unbundled transportation and storage deliveries
 exceeded 50 billion cubic feet in each of the last three years. The group of major companies has
«changed over time. Companies enter and leave the group via growth and/or a change in thexr
regulatory status. o _ -

’ To ensure the consistency of mtettemporal eompansons under these circumstances, we have
- focussed in this study a group of thirty-nine companies for which data was available throughout the
1977-88 period. These companies are listed in Table 2." It can be seen that the compames accounted
for a large share of major interstate pipeline company assets in 1983. This year was roughly the |

midpoint of our sample period. '
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COMPANIES INCLU'DED IN THE SAMPLE

' Table2

Share of Total

Total:AllChsAmdBPipdina

Source: Stansncs of Interstate Naturai Gas P'gme Companies
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Book Value of _
Total Gas Utility for all Class
Plant in Service, 1983 A & B Pipelines
Company (Dollars) (Perceat)
Algonquin Gas Transrmsswn 213,262,059 0.5
-ANR Pipeline 2.310,736,724 .S
ARKLA 1,117,978,289 2.4
CNG Transmission 1,099,344,377 2.4
Colorado Interstate 671,837,744 1.5
Columbia Gas Transmission 2,031,328,438 4.4
Columbia Guif Transmission 1,014,877,850 2.2
East Tennessce Natural Gas 78,223,902 0.2
El Paso Natural Gas - 3,049,427,788 6.7
Earon 2,699,604,747 5.9
" Florida Gas Transmission 474,539,642 - 1.0
Great Lakes Gas Transmission 519,318,403 - | 79 O
High Island Offshore System 352,217,403 0.8
K N Energy . 363,040,513 0.8
Michigan Gas Storage ) 53,231,235 0.1
Midwestern Gas Transmission 159,583,443 0.3 -
Mississippi River Transmission /355,353,985 0.3
National Fuel Gas Supply . - 218,418,377 0.5
Natural Gas Pipeline 2.114 260,346 ' 4.6
Northemn Border Pipeline 1.294,664,867 2.3
Northwest Pipeline - . 1,185,314,368 2.6
Overthrust Pipeline| 162,807,680 N
Pacific Gas Transthjssion 383,436,606 0.8
Panhandle Eastern Pipeline 1,443,119,095. 3.2
Sea Robin Pipeline 239,449,390 0.5 -
Southern Natural Gas 1,120.149,119 J25
Stingray Pipeline 237,294,130 0.5
Teanessee Gas Pipeline 3,116,834,368 6.8
- Texas Eastern Transmission 2,238,010,997 . 5.0 -
Texas Gas Transmission 844,091,753 - 1.3
‘Trailblazer Pipeline 269,688,064 - 0.6
Transco Gas Suyply 10,344 Q.0
Transcontinental Gas Pipe Line 2,753,338,727 - 6.0
Transwestern Pipeline ' 655.506,.229. L&
Trunkline Gas - 956,145,247 21
Unitod Gas Pipe Line - 1,079,119,382 .24
U-T Offshore System 62,842,507 Q.1
Williams Natural Gas 580,838,760 . - 1.3
Wyoming Interstate . - 177,128,788 0.4
Subtotal: all compenies in samplo 37, 546 ,427.29 824
45 712.323 384' 100.0



- B. OUTPUT AND INPUT INDEXES

‘Figure 5§ depxcts output indexes for the 1977-88 period that eorrspond to the interstate |
th:oughput and price-distance approaehes to output indexing. As a point of comparison, we also
present an index based on U.S. gas consumption. Average percentage changes in all’ three mdexes
~ are presented in Table 3 The time periods considered in calculating averages were our full sample
period- (19‘77-88) and two shorter periods (1980-88 and 1982-88). The first of the shorter penods was
: chosen as one likely to produce a negative output trend. The second sub-period was chosen as ome
likely to produce no trend :

An inspection of Figure 5 reveals that thete -are broad similarities in the trajectones of the

o three output indexes over time. In all three indexes output trended upward in the first yea.rs after -

1977, reechmg sample penod peaks in the early 1980°s. There followed a downward trend in. output S

o sample—penod lows in 1986. Output trended upward in 1987 and 1988.

‘ . These resuits square with our knowledge of eveats' during this period. U.S. gas ﬂows were
: ‘buoyed 1979-81 by rapid increases in the prices of competmg oil products Thereafter, gas. ﬂows fell
‘ _fdue to a set of cxrcumstances that included a recession, hlgher gas prices, and falhng oﬂ prlces
| _ Consumpuon rebounded 1987-88 thanks to more competitive gas prices and a strong economy.
_ As for the dlfferenca between the indexes we find that the consumpnon and price dxstance ,
. .mdexes had quite similar trajectories during the sample period. The indexes diverged most notxceably ,
in 1980, when the pnce-dxsmnce index rose sharply and consumption was unchanged. This may "

B reflect the effect on average distance shipped of the substitution to gas from residual fuel oil that

occurred in 1980. These substitutions were concentrated in markets that are far from the main
sources of gas supply. | R |

Another interesting result is that the interstate throughput index diverges substantially from the
' alternative indexes. It trended upward during the 1977-88 period whereas the other indexes displayed
Do trend. The difference in growth rates was especially pronounced in 1987 and 1988, These are
- precisely the years during our sample period when Orders 436 and 500 stxmulated multxple-company _
" shipments.

Average annual rates of change in the inputs of major interstate gas transportation companies
are presented in Table 4 for the same time intervals as in Table 3. Results are reported for the cost
of service, RCAF, and Chnstensen-!orgenson indexes.
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Table 3

AVERAGE ANNUAL PERCENTAGE CHANGE IN KEY VARIABLES

. USING ALTERNATIVE MEASURES OF OUTPUTS (1)

Consumption

"(1) All ruas employ RCAF treatment of capital costs.

@ Sun.x of total natural gas sales and deliveries of gas tnnsported or comprssed

for others.

~ Source : FERC Form 2, “Annual Report of Major Natural Gas Companics”.

(3) Total deliveries by gas transporters to residential, commercial, industrial,
and clectric utlity customers except for icase and plant operators.
Source : Form EIA~176, “Annual Report of Natural & Supplemental Gas

. Supply and Disposition®.
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Time laterval
Index 1977-83 1980-83 1982-88
| (%) - ® (%)
Output 1: Interstats Throughput (2) 20 0.4 10
Output I: Price-Distance . 0.1 2.0 0.5
Output III: Consumption (3) 0.5 -1.4 0.0
. Input Quantity (1) 0.4 -0.9 -1.8
Inpot Price ‘ 5.6 38 1.5
Productivity L: Interstate Throughput 1.6 1.2 2.3
Productivity II: Prico-Distance | -0.5 ‘ -1.2“ 2.3
Productivity III: Commpdon Q.9 -0‘.5.‘ 1.8
Rate Adjustment (Unsmoothed) I:
Interstate Throughput : 4.1 2.5 -1.4
m Adjustment (Unsmoothed) II:
Prico-Distance : 6.2 4.9 -0.8
 Rate Adjustment (Unsmoothed) III: _
i 6.6 4.3 0.3



‘Table 4 , -

AVERAGE ANNUAL PERCENTAGE CHANGES IN KEY VARIABLES
USING ALTERNATIVE MEASURES OF CAPITAL 1

Index B Time Interval
197783 1980-88 1982-88
(%) (%) | (%)

- Input I: Cost of Service A -34 4.3
Input I: RCAF | _ 04 -0.9 © =18
Inpat HI: Christensea-Jorgenson 22 08 0.7
Output (1) S -0.1 -2.0 0.5
Productivity I: Cast of Service 1.3 14 0 53
Productivity II: RCAF X -1.2 s
Productivity III: Cﬁﬁsﬁmsen—!orgmou‘ =24 2.9 - 0.1

" Cost of Service ‘ . 56 3.9 LR
Rate Adjustment (unsmoothed) I » - 62 49 . -0
RCAF | S
Rats Adjustmeat (uashaoothed) I , o o

. Christensen-Jorgeason . 19 : 7.5 , -2.9

(1) All runs employ the Price~Distance output index.



Companng resuits across capxtal Cost treatments, we find mgmﬁcant dxﬁ'erences 'l'he
Chnstensen-Iorgenson treatment found significant growth in input utilization over the 1977-88 penod
The cost of service treatment found a significant decline. The /input index based on the RCAF
-tratment found little change in input utilization. It follows that the capital cost treatment has a very
31gnxﬁcant impact on the measured growth in input utilization. ‘ .

C. PRODUCTIVITY INDEXES

s Productmty results are also presented in Tables 3 and 4. The resulfs in Table 3 exnploy

" alternative output measures and the RCAF treatment of capital costs. Hence, differences are due

' ennrely to the different output indexes. Comparing results across indexes, we se¢ that the average

| producn\nty growth during the 1977-88 period for the price-distance and consumption indexes fell
) :thhm the narrow range of 0.5% to 0.9%. That is, a dowaward trend in productivity occurred. In
‘' contrast, use of the mtetsmte throughput approadz to output measurement yielded a 1.6% positive o

: ‘avetage annual growth rate. , , . o
o - The results in Table 4 employ alternative capxtal cost treatiments in measunng input and mput '
3 'pnce growth. Hence, differences are due entirely to the different capital cost treatments. Co:npanng' :

" results across indexes, we find large differerices in average productivity growth during the 1977-88
period. A significant negative growth rate of 1.3% resulted from the cost of service a_ppro:;Ch. | At
the other extreme, a -2;4% average annual growth rate resulted using the Christensen—lorgenson o
-Approach. ‘ . o . -
All estimates are within the range of those commonly found in studies of prodncuvxty growth.-
The dxfference between the estimates is more striking. Since capital costs dominate the total non-gas _ ‘
" costs of pipeline eompames, substantially different treatments of these costs should be expected to
'»‘yleld substantiaily different productivity growth estimates.

D. RATE ADJUSTMENT INDEXES

Figures 6 and 7 and Tables 3 and 4 report unsmoothed, railroad-style rate adjustrnent indexes
for the 1977-88 period. An unsmoothed index bases rate adjustments on current changes in industry
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: mput prices and producuvny Although the lack of timely data maka them unfeasibie, they reveal
more clearly than a smoothed index the i impact of alternative input and output specifications on rates. _
The results in Figure 6 and Table 3 are for the alternative output measures. All runs employ
the RCAF treatment of capital costs. Hence, differences are due entirely to the different output
indexes. The three indexes display broadly similar trajectories. Rates would have trended upward
from 1977 t0 1983 and treaded downward thereafter. The growth in rates permitted using the
 interstate throughput approach would have been significantly less favorable to the industry than the
growth afforded by the alternative approaches. This reflects the higher growth in masured output,

* ‘which would restrain rate increases by boosnng measured productivity.

" The results in Figure 7 and Table 4 are for alternative capital measures. Al runs employ the
. pnce-dxsmnce output index. Differences are therefore due eatirely to the capital cost treatments. '
Once again, the trajectona are broadly similar, with indexes trending upward 1977-1983 and
downward thereafter. The most striking result is the departure of the Chnstensen—]orgenson index
~ from the other indexes. This reflects the large negative average annual growth in producuvxty

. recorded by the Chnstensen—!orgenson index during the sample penod Lowet productmty growth

R m&nshxghetratema'eases

~ We next calculated a smoothed rate adjustment mdex similar to the mdexs used in the U S.
railroad industry. This i ls ﬂlustrated in Figure 8. Changes in the index reﬂect current trends in mput
-pnc&s and a ﬁve-yw movmg average of productivity changes that is lagged two ym The index is |
based on the pnce-dxstance output treatment and the cost of service capital treatment. . We see that the
smooth index trends upward while the unsmoodxed mdex declines dunng the ym that they comcxde
 ‘This reflects the fact that the productmty offset is based on past industry performance. ‘
~ As a final exercise, we considered what sort of telecommumcauons-style index could be
. constructed from our mdemng work. Our research did not produce productmty results for mdmdual '

' companies, as are teqmred for indexes of this type. As a further complication, we do not feel that
our research to date permits us to identify a long run producumy trend for the mdustry
. To illustrate the construction of such an mdex let us nonethel&s use as our productmty t.tend
for a typical firm the 1.3% average annual productmty growth rate for the 1977-88 penod that makes

- . use of the cost of service capital treatment. The long-run annual productmty growth rate for the

U.S. economy is about 0.8%. The long-run differential in the productmty growth rate would then be
0.5%. To this we will add a 1/2% consumer productivity dividend. An appropr;a:e_ percentage offset
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might then be 1%. In that event, the rate adjustment index for an interstate gas transporter would be
permitted to rise 1.0 petcentage points less rapidly than the annual rate of inflation. A common
fo_recast of the U.S. inflation rate in the 1991-92 revenue year is 3.5%. If this holds, the percentage
increase in 1991-92 rates allowed by a typical telecommunications-style index would be 2.5%.

E. EVALUATION OF RESULTS

Remppmg the secnon, we presented mdexmg results for an aggregation of interstate gas
transpomuon companies in the 1977-88 period. Three approaches to output measurement and three
treatments of capital costs were considered. Resuits using all measures were broadly consistent with N
our knowledge of the industry during this period. Howevet, sxgmﬁcant dxfferences were produced
o using different index approaches. A _key question is whether these differences are a cause for-

. ‘concern. o , A o |
R Considering first the output treatment, it is evident that the instantaneous rate adjustment

: mdexes based on the pnce-dxsmce and consumption indexes had quite similar trajecxones the the

f . mtersmte throughput index behaves. dxfferently, the differences reﬂect known ﬁaws In effect, large
: dxﬁ‘erences are not observed among the more credible indexes. o
- . As for the capital cost treatment, the rate adjustment indexes based on the RCAF and cost of a
service treatments are fairly similar. While the results for the Christensen-Jorgenson treatment differ
: ‘gr&dyfrom these, this treatment also differs from the others mbe:ngverymuch at variance thh
- FERC’s treatment of capxtal costs. We would be surprised if advocates of tlns approach made more
-.hadway before I-'ERC than they did in the ICC. proceeding. . :
' Aseeondareewhereremarb aremorderxstheadequacyoftheoutpmmdexthatwehave

- devlsed Webelxevethattherelsagoodchancethatms mdexwxllbedeemedanacceptablebasxs for

a nanonal raxlroad-style rate adjustment index. Problems are more likely to arise if approval of rate
' mdexmg requires measurement of productivity trends for individual eompames. Quahty output
.mdexes for individual eompames cannot be produced from published data.

.Since this may pose a problem, it may be constructive to note the kind of additional da:a
: needed to measure the output of individual companies. An index of comparable quality can be
" 'eonstmc:ed from lnformauon about how mnch gas the mdmdual company received and dehvered in
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- eachstaxethatxtserved. 'meindexc'anbeenhancedbydisdhguishingbetweens'al_aand
transportation services, and between firm and interruptible services. |
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Appendxx A: ‘
THEORY OF RATE INDEXING FOR GAS ’I’RANSPORTATION SERVICES

1. DERIVATION OF THE RATE ADJUSTMENT INDEX

We begin by defining a mmmmmm in the business of transporting natural gas

. . between various geographxc locations. The array of services performed by the system may mclude
- any eombmanon of natural gas gathenng processing, transmission, and dxstxibunon.

j _ Suppose, now, that there are N locations in the system at which gas can be received or

: _dehvered Ina typml transaction, a customer requests delivery of an amount, Yir 2t delivery point j,

- while pledgmg to deliver an amount, X;j» at receipt point i. If the transporter does not buy gas from

o .or sell gas to the party, the volume of service between points i and j, S is equal to the amounts
- .recexved and delivered: ' '

xS e W= sy G120
‘Lee -

g = Gip S~ S)

 be the (NxN) - element vector of all outputs in a given period.
S Several mpus are required to transport gas. These include lme pipes, eompressors, labor,
and fuel. Let ‘

z - (zp ;2’ - Z“)



denote the quantities of each of the M inputs that may be employed in the production process.
_ ~ In transporting gas, the firm incurs costs and receives revenues. If W, is the price'of input
m, the total cost, ¢, of the transportation system in a given period may be written:

¢ =W + W o+ = s W, A

L > z-fwa'.-

_ It'R,J is the rate charged for receiving gas at location i and dehvenng it at location j, then the
3 revenue of the gas transportation system in a given penod may be written

T o= osyRy v SRy ¢+ - .‘m'va"'

Y IRy SRy ¢ v Ry - L s
v4'- By + SR + = + R, . (A2

= Ly SRy

We add up ﬁrst all of the revenues from shipments of gas from each field toa certain delivery point.
- We then add up the subtotals to all delivery points to obtain total revenue.

Under cost of service regnlanon itis approximately true that the revenue commensurate with
maximum rates in a given period should equal the cost of servu:e. This restriction can be wntten

mathematically as a profit constraint equation:
sk - Do W, . D )

Suppose, now, that we take the log of each side of (A.3), then totally differentiate with
rapect to time. We obmn :
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(A4
W - - .
_E_(.Z.) W-_E.(W. Z.) c
[ ’ [~
. Here for any variable V,
iV - v
a

The rate of change in revenues equals the fate of change in cost. The rate of (:hange in
_  revenues is the sum of the average rate of change in rates and outputs The Ievenue shares of the
- N'N services are the wexghts The rate of change in cost is the sum of thé average rate of change i in-
B ~ input prices and inputs. Here the smhgm of the M inputs are the weights. If we now solve (A 4)

fordxemeofchangemmesweobummemumwgg_g

5 (& ) g _-'«.z (“’- 54] o

r .‘l'-}:,,(R" s,) 4 ] ~ ‘ | :‘ f s

- Equation (A.5) is the main result of the exercise. The equation tells us that the averag'e rate
- of change in rates equals the average rate of change in input prxces minus the difference between the o
- average rates of change in outputs and the average rate of change in inputs. The latter difference is
more simply described as the rate of change in productivity. Hence the average rate of change in
-ratesequalstheavetagerateofcbangemmputpncesmmusme averagerateofchangem .
productivity.

The average rates of change in input prices, mputs and outputs are examples of Divisia
‘indexes. The instantaneous rates of change in Divisia indexes are not useful in the practical world of
’regulanon where rates are revised only quarterly or annually. However there are discrete
approximations to Dwxsxa indexes available. The most widely used of these approxxmanons is the '
'Jb_mms; index. To dlustrq.te the Tornqv1st index for i input prices m the ptwent case is:
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Here the inscantaneods'fate of change in each input price is replaced by the loganthmk rate of ‘change
inthe pnce between this period and last. The cost share of the i mput at an instant in time is replaced
by the. (even—wexghted) average cost share this period and last. '

2. THE OUTPUT MEASUREMENT PROBLEM

. One problem in measuring the output of the interstate natural gas industry is that we lack the R

_ appropnate output and rate data. Specifically, our mformatxon on shipments and revenues is not
: bmken down into the relevant ij pairings.- We don’t know very precisely, for instance, how mnch ga.s .
is transported from Louisiana to Nlinois. We seek, then, an gjge_m_ggy_e_g_tm_dg; that at a glven '

BRI pomt in time comes as close as possible to producmg the value

a2

o The additional information that we require is on the relanonshxp between the price of gas at the

'wellheed and at the burner-tip. The acuvn:y of arbitragers ensures that between any two locanons m
and n between which trade occurs,’ prices confom to the arbitrage equation.

P

= P+ R, ' (AT

Here _
P; = market value per unit of gas at receipt point i (i = 1,2,...N)
'P; = market value per unit of gas at delivery point j § = 1,2,...N)

_Suppbse now that the rate charged for commissioning the receipt of gas at location i and its

- delivery at location j is Ry. Then
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- transportation services.

o Ifwe now dxﬁ'erenuate total deliveries at each point i with rspect to time, we obtam
B yl - —-——

e ()
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- where

a = I.}P,yl
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- Summing over every delivery point j it follows that there is an index of deliveries

PR P LA | S e

_ Analogous operations can be made on total receipts at each receipt point i.
Totally dxfferexmanng with respect to time we obtain an mﬂﬁm

| E,(P‘x')x‘, - I (Pbs]fs‘v N | ' _.,-".(A’.IO),

b - I P -x.

From equations (A.8) and (A.9) we now obtain the main result:

..-E,,(R" ""ti) e - 5, [-(5-—?')—1‘{]54

r- c

_1,) Ps, ¢35 -5 P-s -5 . -
(3 &8ss - 5nyg | O W

(2] 4 - 5259
_.EI(P;'YJJ.y—j - ):,(P_‘_‘.‘Jf,

¢ ¢

~The average rate of change in the output of the system equals the dxfference in the average rates -
. of change in deliveries and receipts. Here the market values of gas at each recexpt and delivery point
~ divided by the cost of transportation service are the weights. It is possible, then, to compute an output
. index for a gas transport system withOut knowing the rates and voluma involved in each of the N*N
'transport service offerings. We require only knowledge of how much gas-was delivered and received at B

nch point and its unit price.
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Appendix B
'DETAILS ON THE CHRISI'ENSEN-IORGENSON TREATV[ENT OF CAPITAL COST

1. BASIC METHOD

To help explain the Christensexi—forgehsdn method for measuring capital costs we make some
simplifying assumptions. A company is in the business of transporting and storing gas It has only
one kmd of capital equipment. There are no meome or property taxes. '

There is a mmmmm in capital equipment wheteby the producuve value of an -
asset — and therefore its market value (absent mﬂanon)-— is reduced by a consmnt fraction, §,

between years. The size of the capital stock can also be adjusted each penod through purchas&s and
sala of the asset. The size of the capxtal stock in a given year, t, then conforms to the followmg

R
."wher'e | N
K, = szz;oftheassetstockatthebegmmngoftheyear
_It - = size of new investment :
.",_‘Heteﬁ K‘,lsdxeamountofdeaymmeasset. o ' -

The level of production in each: year depeuds on the amount of capml accumulated at the end
of the prior year. Thus new capital investments cannot produce earnings for one penod This mle '
 applies equally to investments in alternative profitable activities. A company may mcrase funds
available for alternative investments by selling the sub]ecz assets or by reducmg net new investment in
~ these assets. However, funds pooled in this mannet and remvsted do not earn money until the - |
following year. The opportumty cost of holding an asset at the end ot' one ym thus depends on the
rate of return on altecnative investments in the fonowmg year. ~ ' _

v Under thesé assumptions, the neoclassical theory of i mmm tells us that the cost of holdmg- o
A_anassetstockofszze, K. evaluatedmthedoﬂarsofpmod t, is glvenby



CK, = 5-PAv 'Ky + 6-PAcKy - @A - PA)Ky. ®2)
 Here in each period, t, |

CK, = tota.leostot'holdmgK“evaluatedmdollam of peciod t -
PA, = unit price of the asset '
Q = rate of return on competing investments
3 = rate of decay in the asset

"I'he-eost of holding K, , can be dxsaggregated into three componeats:

opportunity cost of capital r.*PA, K,
cost of depreciation 6+PA,- K,
capital loss E ®PA; - PAL) K,

i
i

To construct the ptoducnvuy index, we express the cost of holdmg K| as the product of K ; -
and a pnce, which we will denote PSK.. '

K = PSKoKy . . o <B-3>‘
From (B.2) and (B.3) it follows that

PSK; = r:-ng.n + 6-PA, - (PAe»‘- PALD . - | - (B4
PSK, is called the servics (or rental) price of capital ‘equipm.ent since under certain assumptions | s the

price that the firm would pay to a competmve, expected proﬂt-maxxmxzmg company to rent the capxtal
services it utilizes.

Suppose, now, that we have an w PANDXt, that differs from the true asset
price by a constant factor of proportionality, a:

PANDX, = a-PA,. - | | . ®.9
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We can use PANDX, to construct a service price index for capital equipment:
PSKNDX, = r,-PANDX,, + 5-PANDX, - (PANDX, - PANDX.). = (®.6)
This has the same rate of change as the true serviee brice since:

- In(PSKNDX,/PSKNDX, ;) |

= In{fr-a~PA,, + b-a:PA, - (a-PA, - a-PA_)l/
[fq*a-PA, + & “a:PA, - @- Phey - 2 PAzz)]}
ln(PSK,/PSK‘ -

7 - To complete estimation of the economic cost of capital equipment, we need an w
= md_e; KNDX, 1 that, when multiplied by the servxce price index, ylelds CK, '

o omxwmn.  en

' In a benchmark year, s, we calculate 2 benchmark value for the quantity index using the following . =

KNDX: = VAJ[zi-I....so (IBO)-PANDX,_”;J. . o v(.B_‘g)

. Here VA, is the pubhshed (book) value of net utility plant in years. In eﬁ'ect, the book value in t.he S
. benchmark year is dmded by an even-wexghted average of the price index numbers in the most recent :
; Mulnplyxng thxs index aumber by PSKNDX, ., we obtam an estimate of the economic cost of
| capmlmpenods+1thatxsciurlysensible' ' '
CK Syimated
= PSKNDX,,,-KNDX,
= f41°VA,* {PANDX/{[Tiuy. 30 (1/30> PANDX, 3.1}
+ §-VA, {PANDX, ,.{/[Fim1, 30 (1/30) - PANDX, 30,1}
- VA, {PANDX,, /[Eixy,.. 30 (1/30) - PANDX, 3041} |
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. VA,-{PANDX,/fZ{-t,..;o (1/30)-PANDxm+;I}‘.

_ vaen a benchmark estimate, an asset price mdex, and data on the value of plant additions, a
quantity mdex can be alculated for each succeeding year as well using the following formula
. developed from the perpetual inventory equanon. s

K‘_NDXt '= [ - 6)~°KNDX='-J -4 Value of plant addmons,/PANDX, . B9
= INCORPORATION OF TAX EFFECTS N
' Equations i meorporatmg tax eft‘ecs are more complex. We consider the effeczs of cotporate '

income taxes, investment tax credits, and propetty taxes. The sennce pnce equation for capltal
| 'equxpment is now: ' - :

P, = {1 -wz-v + 0.5 D-veurg)(l - w] .: 1 |

-trt-PAn + 8- PA, (PA, PAtt)]} + wePA, - @®.10) -
“where o
v = income tax credit rate
W = property tax rate _ |
z = present value of tax depreciation on $1 of investment.

Thevanable, D, madummy that equais one in the years 1982-863ndzeto motheryears Inthe
1982-36 period, deprecxatxon was allowed only on the value of the investment less 50% of the
‘investment tax credit. : :
The cost of holding K, corresponding t0 this equation is:

PSRy = {[1 -u-z-v + 5. D-u'z)/(l u)]
 +[ntPAy Ky + 8:PA Ky

- PA - PAL K]} |
+ WePACK, . | ®.11)
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. IMPLEMENTATION DETAILS
In this part we discuss details of the implementation of the methods described above.

The time-frame for the productivity analysis was previously noted to be 1977-1988. The
' benchmark year for estiniating the size of the gas utility plant stock of major pipeline companies was
1976. Calculation of a benchmark in an earlier year is possible but eostly due to the many changes in
the xdentxty of the ” major pipeline group before 1976. '

DATA
VALUE OF PLANT IN SERVICE

, - Data on the value of gas plant additions and net gas utility plant are taken from Sj_a_ns_ugs_gf
Imexsmu\_t_aml_ﬁa;_m_m Summary data on the value of gas plant is employed to avoid _
separately calculating the value of specific kinds of ; gas plant such as transxmsslon mains. A detaxled
. breakdown of asset values by type of asset lS pubhshed for gross plant. Sahent figures for major

' interstate pipeline compames in 1988 are reported in ‘l'able B.1. Unfortunately, only summary. data is’

| : published on the value of net plant, which is requu'ed for the benchmark calculanon
_ - Gas plant addmdns data has an intermediate level of dxsaggregauon. Itis publxshed for such
‘general categories as transzmssxon plant, dxsm'butxon plant, and underground storage plant. I-Iowever
‘these categones comprise assets of markedly differing types. ‘

~ Some examples from Table B.1 may help to explain the problem. The gross value of the

: producnon and gathering plant of all major pipeline companies in 1988 was $5.0 billion. Of this, $2.3
billion was for field lines, $0.7 billion was for producing gas wells, and $0.5 billion was for
compressor station equipment. The breakdown of underground storage plant was similarly diverse.

ASSET PRICE INDEX A .
. “The price index employed for gas transmission mdustry equipment was an even-wexghted
~ average of the six regxonal Handy-Whitman Indexes of Gas Utility Construction Cost Trends - Total
Transmission Plant. Each regional index is a weighted average of mdexes for strucmree and
improvements, transxmssxon mains, compressor stanon equipment, and m&surmg and regulatmg station .

 equipment.
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Table B.1

GROSS BOOK VALUE OF GAS UTILITY PLANT: ALL MAJOR PIPELINE COWMS, 1988 (1)

(1) Value is gross of accumuiated provisions for depreciation, depletion, and amortization

(2) Excludes value of assets hdd in distribution sector

Gross Share of Total Share of Plant
- . Book Value Gas Utility Plant Subcategory
(Dollars) in Service :
© Transmission Plant 32,051,472 72.8% 100.0%
Mains 23,494,689 73.3%
Compressor Station Equipment 5,503,832 17.2%
‘Structures and Improvements 1,180,744 3.7%
Measuring and Regulating Equipment 733,434 2.3%
Other Transmission Equipmeat 1,133,773 - 3.6%
- Natural Gas Production Plant 5,411,451 12.3% ' 100.0%
Field Lines and Pipelines 2,374,170 43.9%
Well Construction 546,341 10.1%
Compressor Station Equipment s2.472 9.7%
.- Measuring and Regulating Equipment 447,209 8.3%
" Purification Equipment 372,776 '6.9%
.. Extraction and Refining Equipment 259,407 43%
‘Structures and Improvements - 212,540 3.9%
. Other Gas Productioa Plant 676,536 12.5%
' Natural Gas Storage and- Proeamng Plent 2,684,352 6.1% 100.0% .
. Wells . 854,217 31.8%
Compressor Station Equipment 604,455 22.5%
Lines 468,114 17.4%
‘Structures and Improvements 123,314 C4.6%
Measuring and Regulating Equipment 72,242 2.7%
Other Storage and Processing Plant 561,510 20.9%
Distribution Plant 2,218,244 5.0% 100.0%
General Plant 1,537,823 3.5% . 100.0%
Transportstion Equipment 423,990 27.6%
Structures and Improvements 375,793 24.4%
Offics Fumiture & Equipment 344,268 22.4%
Other General Plant 393,772 25.6%
Total Gas Utility Plant in Service . 44,018,826 100.0%
Subtotal: Itemized Pipe Lines (2) 26,336,973 59.8%
Itemized Compressor Station Equipment (2) 6,630,759 15.1%
Itemized Structures & Improvements (2) - 1,892,891 4.3%
Itemized Measuring and Regulating Equipment (2) 1,252,885 2.8%
All of the Above 36,113,508 82.0%



Thxs index covers a substannal share of the value of pipeline mdustry assets. In 1988,
specxﬁed structures and improvements, plpelme main, compressor station equipment, and measuring
and regulanng station equipment accounted for 82% of the gross book value of the total gas udlity
plant in service for interstate gas companies. The share of ail equipment of these types was even larger
since distribution-plant assets, which accounted for 5% of the total, were not itemized.

PARAMETERS OF THE SERVICE PRICE EQUATIONS
y 'I'he service price equations require a number of parameter values in addition to the asset price
andthevalueofplant. Wedxscussenchofthsemturn. ' '

RATE OF RETURN AND TAX RATES
The rate of return on alternative i investments was measured by the rate of return on AAA bonds

'.reported by Moody’s Investors Service. This time series is published in the Survey of Cyrrent -
an_mm The posited federal i income tax and investment tax credit rates were drawn from Pechman

(1987) and are reproduced in ’l'able B.2. A _
. For a property tax rate, we employed the ratio of expenses on "Taxes Other 'l'han Income ,
© *Taxec ' to our estimate ot‘ the current value of net gas utility plant. " o

"RATE OF PHYSICAL DETERIORA’I'ION . : v
The rate of physml depreciation of capltal equipment was computed with the 150% declmmg .
'balance formula. This means that:-

: 5. = 1.5/average secvice life of assets

As in other deprecxanon formulas, decay is seasitive to the duration of useful service (the s_em_ufe) |
:‘thatrsposxted for the asset. Since capital equipment is treated as an aggregate in this smdy, we need
San ectunate of the average life.of the diverse assets in the aggregate. '

To compute this estimate, we first consulted with depreciation specxahsts at the Federal Energy ) .
Regulatory Commission. They suggested average service lives for four kinds of capital equipment:
- line pipe; compressor station equipment, structures and improvements; and mwunng and regulanng

emnpment-
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. |
. . TableB2. |
- FEDERAL INCOME TAX AND INVESTMENT TAX CREDIT RATES

' Income Tax Rates

1975-1978

“1979-1986
1987
1988

R EF 3

Investment Tax Credit Rates |,

. 1975-1986 a0
1987-1988 .00
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We calculated a weighted average service life from these numbers where the weights were

 the shares of these items in the 1988 gross value of itenilzed gas utility plant in service for ail
major pipeline companies. The value of itemized plant differs from the value of total plant by the
value of gas distribution plant. The lack of itemized data for gas distribution plant was noted
above. ' :

This procedure requires us to posit an esu'mate of the average service life for other kinds of
plant owned by interstate pipeline companies. The main items in the "other” catagory are gas
wells, gas well equipment, transportation equipmeant, office furniture, and gas purification and
processing equipment. We posited an average service life of 15 years for these ems,

The average service life for all itemized assets was computed to be 46.7 years. This

| implies an average annual rate of decay of 3.21%. The average productive capacity of new |
investment in the interstate pipeline industry is thus assumed to decline by 28% aﬁer ten years,
48% after twenty years 62% after thirty years, and 73% after 40 ym

PRESENT VALUE OF TAX DEPRECIATION
~ Our formula for the service price of capital equipment includes a parameter, z, defined as
o present value of tax deprecxauon on $1 of i investment. "This value depends on the manner in which
. eompames treat depreciation for tax purposes. Of pamcular importance are the deprecmnon
method and the assumed asset life for purposes of taxation. The latter item is commonly called the
" Different companies use different tr&tments of depreciation for tax purposes. This
complicates the specification of a typxcal approach for the interstate pipeline indistry. Our task is
simplified by the fact that most companies are likely to choose the most favorable approach allowed
by law. Further, the range of depreciation options is limited by law. Tax authorities set guidelines
for tax lives and the treatment of deptecxanon. These g\udelmes d:ange over time. Our
specifications for depreciation method and tax life are based ona survey of changes in eorpome
tax policy at the federal level. '
- During dxffetent years of the 1977-88 period three different trwmenzs of tax lxvec and
deprecxanon for tax purposes prevailed at the federal level. From 1977 to 1980 both 200%
declining balance and sum of years digits depreciation were allowed, a policy that had been in
force since institution of the Internal Revenue Code of 1954. Sum of years digits yielded the
 highest present value. As for service lives, corporations were allowed to posit lives that were
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w1thm20% of the averagu xn the 1962 IRS pamphlet, W}_ﬁ
" Jorgenson and Sullwan(l981) report a range of tax lives for gas utility structures with a midpoint
-of 24 ym : .
o From 1981 to 1986 an Acceletated Cost Recovery System was in place as sanctioned by
- the Econoxmc Recove.ry Tax Act of 1981. The standard depreciation method was a hybrid
~ consisting of 150% declining-balance treatment for early recovery years and straight-line treatment
forlatetym Most sinim were a.ildwedataxlifeofnineteen years.
) Under the Tax Reform Ac: of 1986, a modified accelerated cost recovety system was put
oo in plabe. Structures were reqtured to be depreciated using the strmght-lme method. Most non-
- mxdentxal structures were ass:gned a tax life of 31.5 years. o :
B ' Deptecxatxon treatments posited in the present study for the calculation of z reflect thm
- trends. Ourtaxhvaforthethreepmodsareuym, 19 years, and 31.5 years. Asfor
i - depreciation method, we assume a sum-of-years digits treatment 1975-80 150% declining balance | .
treatment 1981-86; and straight-line treatment 1987-88. The formulas for computing z under these
mm are available from the auﬂ:ors : ' : S
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