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Summary

The Consumer Price Index (CPI) produced by the Bureau of Labor Statistics (BLS) is the
most widely used measure of inflationthe United StatesTheCPI is usedn calculatons of
FKDQJHV LQ ¥dvhbm@DiptlaRdifing standards determire annual cosof-living
allowances fofSocial Securityretirees and other recipients of federal paymeatscljust the
federal income tax system for inflation, aledprovide theyardstick for U.S. Treasury inflatien
indexed bondsThe CPI also factors into determining the appropriate stance ofrldr&tary
policy, which affects all Americans and the global econdmwddition the CPI isnonitoredby
householdshusinesss, andfinancial market participants provideabroad statistic of price
changesand bymanyotherorganizationgo adjusta wide range of contractsr inflation.

The marketplacér consumer goods and servicaad the data available for
characterizing it, have changed dramaticadlyecent decade§Vhat consumers buy, how they
buy, and from where is almost unrecognizable when compatkgrevailing norms 100 years
agowhen the CPI was introducedeflectingthese economic trends, priceeasuremertias
becomeamore complexplacingever greater demands tiredata neeedto attainaccuray,
coverageand timelinessin the process, the decadsd survey infrastructure has been pushed
beyond its capacity to mette statistical needs of stakeholdé&iigld-generatediata on which
the CPI hagraditionallyreliedhavebecone more challengingnd expensive to collecnd
likely less representative the overall populatiamAt the same time, the digital revolution has
given rise to vast new data sources that can be leveraged for the purpose of tracking consumer
prices.As these trendsavecontinuel to unfold, statistal agenciesround the world have
responded with a sense of urgencytepae for a world when most transactions leave electronic
records thatwill become the principalource ofrice and quantitgata.

Recognizing these realitias, opening remarks to the panBl.S statedts objective to
SFRQYHUW D VLJQLILFDQW SURSRUWLRQ RI WKH &3, PDUNHW
traditional sources and collection modes, including harnessingsadgedata, by 2024 To
assist in this process, the agesoynmissionedhe Committee on National Statistiothe
National Academies of Science, Engineering, and Medtoiassemble a panel of experts to
provide guidancen how the CPI might be improvéy acceleratinghetransitionto an
approach that blends multipliata sourcesThe panel also was asked to consider ways to

1 The charge to the panel is reproduced in full in Chapter 1.
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improve the measurement of traditionally difficto-measure sectosich as medical care and

housingand finally, to assesshe policy and research valued#velopingpriceindexes to track
differentialinflation ratesexperiencedby population subgroupsich as thosdefined byincome

level ThissummaryKLJKOLJKWY D VXEVHW RI WKHn&BErQzh@%H V6 WHFRPPH
CPI program.

THE POTENTIAL OF ALTERNATIVE DATA FOR CONSTRUCTION OF
ELEMENTARY INDEXES

Point-of-sale data, househelgknerated home scanner data, and statgped from the
webare KH SULPDU\ 3Q RiQt&gduiR&s thél hdveedn successfully explddegrice
measuremeni hesedataaregenerated foa wide rang®f items often in near real timand
providekeyinformation includingthe price,sourceoutlet, quantity, andharacteristics fothe
item.

A key motivation driving data modernizatiamthe potential tamprove timeliness
relative to survey alternatives, in detectimigat consumesrarebuying andfrom where At no
time has this need fanpdaeddata collection methodseen exposed more starkly than during
the COVID-19 pandemic. gtistical agencies that systematically use transactions datarin the
CPIlprogramg such as the Australian Bureau of Statis(sBS), whereless thar? per cent of
theprice quotegby expendituraveight)arecollected by field staff irstores? were ableo
provideup-to-dateinformation abouprices being paid and abahifts nFRQVXPHUVY EX\LQJ
patternseven as access to outlescame highly limited duringpckdowns

ScannerData

Integration of scanner dategisteringretail transactions has been in tlesearch and
SURGXFWLRQ SLSHOLQHV RI VWDWLVWLFDO DJHligRapd VY SULFI
has always been thatamner datan both prices and quantities couldstha expandCPI
coverage oproductvarieties and outletsnd, in the procesagccelerate thdetecton of shifts in
FRQVXPHUVY E XAbh@nbetd siglitalb@eviciearound the worldhavesince
establisledthe practicalfeasibility ofthe concept

Beyondpoint-of-sale data, som#ata vendorproduce datasets containing information
recordedat homeby individuals on their purchasasing a scanner. One important benefit of
householebased scanner datathat purchases made at retailers that do not participate in point
of-sale programsan, in principle, beapturedData collection centered around those making
purchaseslsoenablesnformation on consumerharacteristicso be collected in a way that can
be usedo construct price indexes for differgmtpulation sugroups.

Web-Scraped Data

In addition to scanner data, webraped data is the other major source of-fighuency
informationbeing applied by statistical agencies to price measure@estner data are not
available for goods purchased onlar&d for somgoods where one firm danates the market
(e.g., Apple smartphones). For those iteamine price data provides an alternativn
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attractive feature of webcraped data ibhat they areften easier taccess than amoint-of-sale
data from retailers. Additionallyyhendata processing algorithnean be automated, time lags
arealmost eliminatedThe main theoretical challenge with welsraped data for official price
measurement is that methods sti# underdevelopetbr establising the relative importanoaf
different iteman the consumption baskefiven thatinformation onquantities solds typically
not available Statistical agencieare in the process overconing many of these challengés
sometimes by combiningurvey and nonsurvey data sour¢esdpushng forward aggressively
with use ofweb-scraping in their CPI programs.

Next Steps

To datealternativedata typicallyhavebeen integrateshcrementally withinthe existing
CPI infrastructurevhen the opportunity has arisen or when pressuergedo do so because of
a problem with a conventional data source. Going forward, \Bill$ieed to go beyond price
guote replacement amdakeprogress in areas whetraditional dataare still availablgebut where
cost or accuracy benefits may emerge from pursuing alternative sd@ic&should embark
on a broad-based strategy oficcelerating andsignificantly enhancingthe use of
transactions data and other alternative data sources in CPI compilation.&bracing
alternative data sources now, and moving forwardggressively with research for their
integration, will ensure that the accuracy and timeliness dhe CPI will not be
compromisedin the future. The data modernization strategy will involve:

x Identifying promising alternative data sourcesand then prioritizing the work
needed to evaluate and incorporate these data into tlitems/strata wherethey can
be applied

x Continuing development of a robust research agenda that supportsicorporation
of alternative dataand associated new methodologiesore broadly beyond just
price quote replacement;

x Continuing research asse&sg the quality of new types of data

x Developing staff expertise that includesnore data scientists and other specialists

x Creating a crossagency strategyfor data acquisitionwith the possibility of joint
contracts acrossstatistical agencies

x Carrying out a strong communication strategy to inform stakeholders of plans and
implementation details.

Testing of indexesonstructed from alternativdatasourcesand methodologiewill be a key

part of data modernizatioBefore BLS incorporatesalternative data for specific item
categories into the official CPlI, it will be important to have a significant overlap period
(perhaps as long aswo years) during which parallel indexes based on new data sources can
be tested and compared against theiraditionally constructed counterparts.

BLS has the opportunity to build upon the experiences of statistical agencies that have
expedited incorporation of nonsurvey data itmeir CPIs These agencies hanavigatedckey
challengesuch asnanaging riskassociated with the use of privately collected data and
assessing the capacity of alternative data souoceack product quality change Where rapid
guality changes are common, such as for gt items, combining datasets that include
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information abouproduct characteristiesxpands thepportunities for improvingrice
measurement.

One analytic task whereammediateprogresscan be madeis the development of
elementary indexes constructed from veebapediata.Beginning in March 2020, due to initial
COVID-19 shutdowns, BLS had to improvise msnthly inperson collection of price data from
retailers and businesses by field stafine to a halt~or an extended periggrice checkersvere
limited tofilling up virtual cartsonlineto check prices. This processought on as a stopgap
measure in the face of the immediate cyisidy mimicked the irstore price checking activity
Converting opportunities for permanently automating webscraping of price data should
be a high priority for the CPI. In evaluating the usefulnessof web-scaped data for
elementary index estimation, food, electronics, and apparel should be priority categories.
Data for these categories are readily availableith a large share of transactions already
online, and work by other statistical agencies angrivate-sectororganizationshave
demonstratedfeasibility. In the shortterm, BLS could consider obtaining webscraped
data from outside vendos but ultimately BLS should develop automated wekscraping
methodologies within the agencyBLS shouldalso continuend expandvork with large
companies to understand how they record data, anctthi@aborate orbuilding programming
interfaces thatan be run behind company firewalls to provide the statistics needed by BLS.

HIGHER -LEVEL AGGREGATION AND SHIFTING CONSUMER BEHAVIOR

With the availability of near redalme information from privatesector data sources,
coupled with a everincreasinglydynamic economythe collectiorand disseminatioof timely
datahas becoma basic expectatioof statistical agencie®Vhile the composition of what
consumers buy is always evolving, the shifts were especially dramatic during the pandemic.
Spending on travel, food away from home, and clothing worn outside the dertieed
dramatically, whiledemand focomputer andommunicationgquipment needed for remote
work andhome deliveries surgetinproving the ability to trackuchshifts is an essential goal.

Revising CE Weights More Frequently

The primary method used by most stiatal offices to determinhe composition of
KR XV H i&Bpéendtntr§ss to ask thendirectly. In theUnited Statesthis process is carried out
using the Consumer Expenditure Survey (Q@#)ich has for decades been #tatistical
VIVWIRRWWV FRPSUHKHQVLYH VRXUFH RI GDWD R@A&d&RRXVHKROG
because aationally representative survegnducted by a government statistical agaacy
needed for benchmarking estimates of consumer expenditures ynthavéinks buying patterns
to household$ a version of the CRuill continue to have value for the foreseeable future

However, ifthe relevance of the CPI is to be maintairdgngesn the waymarket
basket shargsveights)are estimatedust bea highpriority. To improve the timeliness of the
CPI and the accuracy with which it captures changing buying patterns, BLS must (1)
update upperlevel weights? which currently, on average, lag 36 months behind actual
expenditures in a given perio® more frequently and rapidly, and (2) improve the
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accuracy of weights applied to specific itemthat the Consumer Expenditure Survey
measurespoorly and for which alternative datalikely are more accurate

Ideally, the expenditure data used to calculate CPI weights would come from dl2ingle
monthperiodendingno more tharsix months prior to their introduction. For example, new CPI
weightsintroduced in January 2022 would reflect expenditure patternsJuby2020 to June
2021. This production schedule may take time to achieve so, as an interim step in mitigating the
timeliness problem, weights should be updated annually usingeéetorolling averages of the
CE dataUnder this setughe rolling weightsvould still lag realtime market realities, but not
by as much as they do in the curremb-year cycle

Broadening Sources of Data Used for Estimating Expenditure Weights

In the notto-distant futuredetailed price and quantity informatibkely will be
availablefrom a range of nonsurvey sourcesdlmost all productswvhich will allow much more
frequent (and possibiyoreaccurate) updating @PIweights.With supplementing and
complementing theCE data in mind, BLS should invest in collecting comprehensive data
for individual spending using electronic means of payments such as credit/debit cards or
electronic payment processorge.g.,PayPalor Stripe). Initially, these new data could be
applied to the chained CPHU or to a new experimental index. Later, #er an adequate
period of study, expenditure pattern estimates usetb construct CPI weightsshould be
derived as a blend of dataon spendingfrom (1) the CE, (2)timely private sources, and (3)
the national accounts. Givenlimitations ofelectronic transaction datalink informationon
prices and quantitiege specifichousehold? and, in turn, tgopulation subgroupsresearch
into use of alternative data sources for estingatipperlevel weights shouldhitially be directed
toward production of the nationkdvel CPI

Thenationalaccounts specifically, Personal Consumption Expendit(P€E)data?
from the Bureau of Economic Analysian also be used, albeit retrospectively, to produce a
more accuratg weightedexperimental CRIOneadvantage oPCEdatais thatthey are
benchmarked to a census of retail establishments (conducted every five years) and a variety of
other merchanrbase sources, stheyreflect a more comprehensive accounting of transactions
by consumersA first step might involve creatingn experimental CPI that uses RGé&nerated
weights at the upper 43 item) level but that is otherwise no different from the G¥Plother
option for blending PCE and CE data that BLS should test for the purpose of updating
upper-level expenditure weightss to continue using the CE as the benchmark for mo<EPI
categories, then integrating PCE data to adjust the acknowledged weakest categories of the
CE. The experiences atatistical agencigs severalother countrieshat already usthis
strategycanbe drawn upon to expedite this line of reseakcr.exampleStatistics Canada
(2021) published a special edition price index using credit and debit card data supplied by the
Bank of Canadand alternative weights based on national accounts®dat& DFFRXQW IRU
pandemierelated expenditure shifts at more detailed levels of geography and CPI components
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Longer-Term Planning

Thestrategy outline@bove presunsthat BLSwill adopt adata approacfor
establishing uppéevel expenditure weighthat blendslata fromnationalaccountsandprivate
companiesA longerrun alternative to the data purchase model would be for BLS to set up
in-house operation for collecting the needed data. fioce-of-salescanner datarenot
perfectly suited for use in the C@br reasons discussed @hapter2), the project should focus
on collecing scanner data directly from householBkS shouldbegin exploring development
of a householdbased scanner recording program that would capture prices, quantities, and
item characteristics of purchases made by surveyed respondents. In addition to its value for
estimating item strata weights, this method bobtaining spending information would be
useful for construction of elementary aggregatesBLS should consideFOHD SIURJJLQJ’
traditional methodologies of handheld scanners that require large initial investmeluskataod
modern approaches using a custmobile phone appTechnologies are changing fast,tke
most durable solutions may be basedlexible, mostly softwardased approaels

MODERNIZING MEASUREMENT OF DIFFICULT -TO-MEASURE
EXPENDITURE CATEGORIES

A small subsedf goods andervicesaccount fora large share afxpenditurs by
householdsand therefore have autsizedmpact on the CPIf new datasources cabe
harnessed famproving price measuremeint these categorieghe return on investments by
BLS may beespecially large

Housing

Housing servicesepresente\ IDU WKH ODUJHVW FRPSRQHQW RI PRVW
living. Owneroccupied housing is particularly important, both because it accounts for about
threefourths of the shelter categoapdbecausetatistical agencies have not fully converged on
a standrdmeasuremerapproach3URPLQHQW UHYLHZV RI WKH &3, SURJUDP
rental equivalence methddwvhich essentially estimatedee amount that would be required for a
homeowner to rent a home with all the characteristics of KHRRIXVHKROG{V2RZQHG KRPH
becausein many situations, it correspasidosely toa costof-living conceptfor measuing
housing serviceBBLS should continue using rental equivalence as the primary approach to
estimating the price of housing services foowner-occupied units

The CPI methodology has traditionally relied on survey data to provide information on
rent changes and housing expenditure shares. However, a numberdzfta sources for rest
have emergeth recentdecadesresulting from the gxansion of large institutional landlords and
property management compani€sipplementing the CPI Housing survey with data from such
sourcegouldhelp improvethe accuracy amputations of rent changes to the owpecupied
stock.BLS should seek to idetify new data sources that would allow for improved
coverage of singldamily homes and of areas where houses are predominantly owner
RFFXSLHG 1HZ GDWD VRXUFHV FRXOG DOVR LPSURYH WKH &3
rent growth by allowing rent for a given housing unitto be measuredn consecutive
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months, allowing changes to bessessd over short periods of time By contrast, the CPI
Housing Survey only samples each housing unit every six manmitish isproblematic in times
when rens change rapidly.

In addition totheir value inmeasuring rent changesternative information sourcés
including property tax reardsand American Community Survelata? could beused in
conjunctionwith the CPI Housing Surveyspecifically,BLS should consider strategies for
estimating expenditure shares for owneoccupied housinghat would make use of the rich
housing characteristics information often available in property tax data.

In tracking the price of shelter in thinited Statesgeographic detaik especially
important because so much variatexistsacross and withinegions.With this in mind,BLS
should publish additional detail on the housing components of the CPI, such as indexes by
structure type and for a larger number of metropolitan areas than the roughly 20 areas for
which they are currently published Broadening the geographic scope of the CPI could be
facilitated by de-linking the housing sample from the samples of other CPI items.

Imputing rent for owneoccupied homes works best when there is a high degree of
overlap? in terms of geography and hongiquality? between the market of homes for sale and
therentalmarket.Whenoverlapis more limited a user cost approach might be helpful to
improve estimates of the price of housing services. Thus, although this panel is of the view that
the rental equiglence approach should continue to be the primary method used in the CPI,
research conducted on data at the micro level would be valuable for testing where the rental
equivalence method is performing well and wheremoissuch as for pricing housingrsees
associated with highesnd propertigs As part of its researchprogram, BLS should compare
rental equivalence estimates to user cost estimates for individual properties. Research on
alternative methods for housing could lay the groundwork for eventually publishing
housing indexeausing different methodologies.

Medical Care

Medical cards anotler large, growing, and rapidly changingnsumeexpenditure
category Even thougtthe scope of the CRbversonly the sharef the sector directly paid for
by consumergand not the share of spending by businesses and governmedigal care is an
importantcomponent of the CPWithin medical carehealth insurance is the largestpenditure
made by consumerBor this reasorg pressingnethodological decision facing BLS is whether
to continue pricing insurance using an indirmethod or to migratto a direct pricing approach.
The drect approaclinvolves estimating total health insurance premium pritesndirect
approachnvolves pricing health insurance usipgces of medical care blended with
information aboutetained earningsf insurance providerd he underlying logic of the indirect
approach iso separate out the prices of medical care goods and services from the portion of
insurance premiums retainbg insurance companies to cover administrative costs and profits.
Although perhaps second best conceptually, the indinethodrepresents pragmaticapproach
thatat least partially reflects quality change and care utilizafibe indirect method has
practical advantages and therefore should, in the short to medium run, continue to be the
method for pricing health insurancein the CPI.
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The above recommendation notwithstanding, declining responsear#tesmedical care
component®f thecommaodities and services surveys making reliance on the indirect method
increasingly difficult. For this reason, and for its attractiveness conceptBhafyshould
investigatehistorical differences between the indirect and direct approach doing a tre
applesto-apples comparisonA 3ZKROH KHDOWK LQVXUDQFH SULFH GHIOD)
DYHUDJH EHWZHHQ WKH &3,V FXUUHQW KHDOWK LQVXUDQFH
the medical services financed by insurance should be calculated and compared to the
deflator used in the drect approach. If this research reveals that the two approaches do not
differ greatly historically, BLS could revisit its reliance on the indirectmethod.

One source of concern with the current indirect approach is the volexhtpitedin the
insurance services component of the total health insurance price. irdegxample, a
particularly heavy flu season leading to highization of health care services will reduce
retained earnings and push down that component of the.iRdethis reason, amg othersa
number of potential improvements to the indirect apprehciuld be consideredio better
capture what consumes actually pay for insurance, and which does not depend on
utilization rates, BLS should explore using a rolling average of retained earnings per unit
of health services (where retained earnings equal premiums, less medical expenses), rather
than an annualvalue. This approach will mean that actual changes in the cost of health
insurance stemming from changes in regulation, market structure, or technoldly appear
more slowly in the CPlthis limitation could bean acceptable tradeofftifie problem of exess
volatility now built intothe indexcan be mitigated

Also, there is currently a long lag between the tinahices of health insurance change
and their incorporation into the CPI. Shortening this lag would improve the accuracy and
timeliness othe indexFor the purpose of tracking changes in health insurance priceBLS
should considerswitching from using annual data on profits net of premiums to quarterly
data.

For health insurance, developing methods and identifying data sources for adjusting
prices to reflect quality change in insurance policies over timecaiiltinuebe a top priority.As
part of this workBLS should continuevaluating how to accelerate incomation of claims data
to improve the coverage, detail, and timeliness of price and quantity information in the medical
care component of the CPI. Such data may also be useful for research on broader questions, such
as about productivity in the medical eagector. A pilot program is currently underway at BLS
indicating promising uses of claims dataluding for theconstructon of experimentalisease
based price indexes.

Supplemental Sulgroup Price Indexes

Price indexesandother economic statistics tailored to describe and ttaelexperiences
of specific population subgroupse a growing research and policy neBuk rationale for
producing price indexes for population subgroups is clear for purposes such as a8pesting
Security benefits and marginal tax ratesfor specifying transfer payments for which only
certain groups are eligible.
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One factor that can lead to differential inflation r&temd, as it turns out, the easiest one
to measuré is that people purchaskfferent baskets of goods and services. In general, research
usinga simple reweighting approach reflectdifferent consumption patteriss tended to
detect only minimal differences in inflation rates faced by different groups. To fully portray
differential inflation,subgroup price indexeaustalsoaccount fodifferentprices paidor
similar items Recent researdbased on diverse data sources has revealed clear patterns of
differential price inflation, in particular across income gro@rsicially, this research suggests
WKDW WKH JUHDWHVW VRXUFH RI KHWHURJHQHLW\ LQ KRXVH
for the same types of goo@siot from variation in broadly defined consumption bundles.
Research and poliapaking stando benefit a great deal if thenderlyingtrendsin price
inflation faced by different population groupan be more accurately measured and, in turn,
better understoodecause of the urgency of issueslated to income and wealth inequality,
social welfae, and poverty, developing price indexes for population subgroups along the
income distribution should be ahigh priority for BLS. Identifying data sources that would
ultimately allow production of price indexes by income quintile or, ifpossible, decile is a
key part of this work. The potential return from investments in developing incolefined
subgroup price indexes is further enhanced by ongoing work at the Bureau of Economic Analysis
to produce prototype statistics on the distribuid personal income across households.

As with other aspects of CPI modernization discussed in this reporttdongpromise
for creative initiatives for subgroup indexes comes with the increased availabitiigrof data
containng information on pries that households actually pay and on details about the items
purchasedHowever electronic transactions data as currently generated do not cover all
consumer expenditures. For this reason, the next generation of empirical studftgion
inequalitywill need to drawon additional, alternative data sour@eperhaps most importantly, a
householebased scanner recording program that captures prices, quantities, and item
characteristics of purchases made by surveyed respondents

The abovedescribed resech linking individuals to their purchases strongly suggests the
need for approaches that blend multiple data ssdreeacompassingurvey datahat cover the
full consumption basket, including item categories for which electronic transaction datd are stil
incomplete, and commercial data sources that allow deep analyses sfaitand product
detail?2 in a way that account for the full range of consumer expenditures.

ORGANIZATIONAL CONSIDERATIONS

Given that it haperformed reliably fodecades he surveybased methodology
underlying the CPI is commonly assumed to be the gold standard for estimating price.changes
However, as with other economic statistics rooted in the application of a 20th century survey
centric system, the resultingtanates have been affected by falling survey responsearades
increasing costAccordingly, thedata collectiormodelof statistical agencids shifting To
fully capitalize on emerging data opportunitiesniprove the quality and timelinesstbie CPI,
a paradigm shift at BLS will be requirélhtlesses reliance orolder surveybased approaches.

In addition to the methodological challengesuch as covage, representativeness, and
scope of variables preseénpractical consideratiortinderdevelopment of a mixed data
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infrastructure that includes public, private, survey, and nonsurvey data. Legal constraints,
privacy concerns, and high data acquisitiortsdscutely present for the U.S. c&skave
slowed the incorporation of commercial and even government administrative data sdarce
social and economic statistiddASEM, 2020). Modernization of the data systenfusther
complicated by the decentralized statistical system oftheed StatesEspecially within such a
systemthere are compelling reasons for agencigautsueintegrated data collection and
production processeMlore extensive collaboration between the Cesus Bureau, BLS, and
BEA 2 along with other statistical agencies that collect key economic data, suchths U.S.
Department of Agriculture 2 is needed to advance the acquisition and use of alternative
data sources in the production of economic statistics. Merspecifically, such coordination
will allow the statistical system to negotiate common, unified, comprehensive contracts with
companies that collect applicable data.

To navigate thabovedescribeccomplexities, and to establisluthority and
accountabity within BLS, the agencghould build data modernization into its organizational
structure. BLS should designate a singlenigh-level personwithin the agency, preferably at
the deputy commissioner levelwhose job is to lead data transformation efforts. Having this
responsibility explicitly designated would facilitate a focused, coordinated effort and would
ensure accountability. This person also could be the visible point person in collaborations
with other statistical agencies. A key objective is to avoid duplicative efforts that likely
would arise if data transformation proceeded in a more decentralized way.

In addition to facilitating administration of workflows, suidimalized institutional
arrangerants would signal aommitment by senior leadership to expand the use of alternative
datasources for statistical purpos@s$e data transformation lead would also be part of the team
to develop communication strategies to work with Congress to seekdiEsagy resources to
implement changes and highlight the value of the task to user communities.

BLS should continue to look externally for data modernization models as well. With
price measurement in particular, ample opportunities exist to learn froadaptinnovative
approaches pioneered by statistical offices internatiorll$. should enhance its contacts
and collaborations with CPI staff in statistical agencies beyond the U.S. system. Other
countries have made significant progress on datmansformation 2 specifically in methods
blending scanner and wekscraped data with survey source3 and CPI staff would benefit
from more fully investigating successes and failures experienced during these efforts.
Beyond national statistical offices, someloé most innovative work on price measurenient
often involving electronic transaction data or waslbaped price datahas taken place in
academic settings, so continued collaboration with these experts is likewise encouraged.

The kind of data modernizaticenvisioned in this report will require upfront investments
in data acquisition, updating of CPI program production procedures and IT systems, and staff
training. In the future, the CPI staff skills will need to shift at least partially away from those
needed to analyze structured, sunl®sed price information and toward those needed to process
unstructured price datin addition to hiring staff with data science skills, BLS should strive
to develop this talent irhouse by supporting and rewarding staffivho pursuetraining and
educationalopportunities to develop the technical expertise that will facilitate data
transformation efforts in coming years.
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Additionally, since confidence in and understanding by data users of official statistics is
critical, successful modernization of the CPI will require that BLS provide clear and consistent
communication to stakeholders about thelesign on an ongoing basis. This includes advance
notice of changes in an easy to find location on the website, detail dieonave data sources

incorporated, transparency around experimental indexes, and updates on the timelines of project
as they evolve.
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1
Introductio n

Measurement of price inflation in an economy serves a range of essential policy and
program purposes, and the Consumer Price Index (CPI) produced by the Bureau of Labor
Statistics (BLS) for more thatDOyears is the most widely used measure of consuns pr
changes. As a key economic indicator, the CPI measures the average change in the prices paid by
households for a market basket of goods and services. It is used to deflate some components in
WKH FDOFXODWLRQ RI WKH QDW L R&QigtivsahdiR sakulGtRiRfldtdiw LF S UR «
DGMXVWHG FKDQJHV LQ PHDVXUHV RI WKH QDWLRQTV OLYLQJ
annual cosbf-living allowances foSocial Security retirees (since 1972) and other recipients of
federal payments, adjuthe federal income tax system for inflation (since 1985), and provide a
yardstick for U.S. Treasury inflatieimdexed bonds (since 199Finally, the CPI factors into
determining the appropriate stance ogUnonetary policywhich affects all Ameriaas and the
stability of the global economputside of the government, the CPI is often used by households,
businesses, and financial market participants as a broad statistic of price changes and to adjust
wages and lease payments.

1.1. THE GOALS OF PRICE MEASUREMENT; RESEARCH AND POLICY NEEDS

Prior totheintroductionof the CPIn 1921 VHYHUDO 3FRVW RhaObeén QJ° PHD\
developedfirst by the Bureau of Labor and thby the Bureau of Labor Statistida 1917 a
price collection efforbf family expenditures in 92 industrial centerasbegunto provide
appropriate weighting patterns for a comprehensive ingg?1919 BLS began publishing
semiannual cosif-living dataof retail pricedor 32 citiesand then exteded this index taities
acrosghe country in 1921A price sampling frameworiore akin to the modern versioras
establishedfter the 1935 revisiormhisrevisiondoubled the number of food items sampled and
FKDQJHG WKH UHQW V DénhttielpQpiilafibR cérsistivg/dHuithab) wafdJddrders
DQG ORZHU VDAQRppy, 2@EA4YRUHN B BdBtdf-Aving index” ZzZDV FKDQJHG WR
SFRQVXPHU SCPFH12AGGHI["

As stated in it¢dandbook of Method®LS, 2020,Chapter 17)BLS formally adheres to
D cénditional COLI framework™ ZKLF K V @hripghoikise\beflvelen a trgestof-living
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index (COLI) 2 which measures the change in expenditures a household would have to make to
maintain a given standard of lividgand acostof-goods and service index (the more traditional
PDUNHW EDVNHW SULFLQJ DSSURDFK 7KH 3FRQGLWLRQDO" &
FRQVXPHUVY FRVWY RI OLYLQJ RQ WKH dsthaxXtReSwdtirRi@rRI VWDE
the quality of publity provided good$ that are outside the universe of private godds.

Staistical agencies around the world have by and large settl¢cisoonceptual basis for price

change measuremeiaind this methodological decision is not revisited heegher, lis report is

about modernizinghe price measuremedata infrastructure within the context of this accepted
framework.New data sources carry the potential to increase accuracy, dathtimeliness (and

possibly reduce costsgs well apresent new mhbdologicalopportunities

Themostappropriataneasuref consumeprice changés not the same fall purposes
recognizing thisstatistical agencies have developedltiple indexesover the yearswith
different coverage, weighting schemes, agdregation formula®ver its history, BLS has
producedconsumeprice indexes focused on wage earners and clerical workers, on urban
consumers, and on elderly consumessyall asan index thamore fullyaccouns for shifts in
consumer buying and produsubstitution patterns.

Elsewhere in th&).S. statistical system, the Bureau of Economic Analysis (BEA)
constructaanother measure ebnsumeinflation, the Personal Consumption Expenditures
(PCE)price index This index has a broader scope than tRé €acking all spending by and on
behalf of theypersonal sector, which includes both households and nonprofit institutions
serving household#$n contrastthe CPImostly WU D FNV K R X&f{ddCkeCeoeriitRreswW
This difference in scope contributes to differences in weigint$ that, for exampléhe weight
on medical care ithe PCEndex is larger than that in the CPI because the PCE indtxdes
expenditures pdifor by employeiprovided insurance, Medicare, and Medicatule these
expensesre not included in the CPThe PCE also uses a chained index fornthedallows it to
better account for consumers substituting between items in response to relatichargpes
This chained indexXormula relies on data available with a lag that are not yet available at the
time when the official monthly CPI is publishedhd the PCE can be substantially revised while
the (nonseasonally adjusted) CPI is never revi&edresult,over the lasR0years while the
two prices indexes have following broadly similar trends, theyatr&entical The CPI
typically indicakessomewhat higher inflation.

1.2. MOTIVATION FOR THE STUDY: BUILDING A CPI FOR THE 21 ST CENTURY

Sincetheintroductionof the CP) the marketplace and the data available for
characterizing it have changed dramaticalllhat consumers buy, how they buyaibhd from
where is almost unrecognizable when compared to prevailing rd¥éngears go. Many more
products existoutlet structures are much more divepm@duct turnovemcluding introduction

11DWLRQDO 5HVHDUFK &RXQFLO S SURYLGHV Do6HRRIAMOHG FRPS
approaches and a full discussion of the data and theoretical realities faced by statistical agencies making the
conditional COLI concept suitable fofficial statistics.

2More specifically the PCE price index is based on the Fiddeal formulaandthe CPI is based on a
modified Laspeyres formula.
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of new goods and servichss become increasingly rapidnd a relatively higher proportion of
the market baskeonsists of information goods @servics. At the same time3 E D V sUelvas
food and clothingnake up a shrinking proporti@f overall consumer expendituré¥here
consumers buy has changed as yeallshownn the growth of online shopping since 1999

(Figure 11).
E-Commerce as a Share of Retail Sales (%)
4th Quarter 1999 3rd Quarter 2021
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FIGURE 1-1 Growth of online shopping since 1999 in the United St@rsluding food
services)

SOURCE Quarterly data fronietail Indicators Branch, U.S. Census Bureau

As a resulof these economic trendice measurement is much more complex today
which haded to newand greater demands tre dataneecdfor accuratgrice measurement|
the process, thedecadesld survey infrastructurbas been pushdmkbyond its capacitytmeet
these demanddraditional field-collecteddata sources on which the CPI has relied are
becoming more challenging to collect and likely less representative, particularly given
changes in consumer and business behavidtortunately, at the same timethe digital
revolution of recent decades has given rise to vast new alternative data sourtiest can be
leveraged for the purpose ofracking consumer prices.These new data sources have the
potential to improve the accuracy, coverage, and timelingbg @PI. In particular, a multiple
data source paradigm could reduce traditional sources ofrmasling from product churn,
guality change, lowelevel substitution, and outlet chuffor price measurement, transaction
data(especially tosethatcanbH DVVRFLDWHG ZLWK KRXVHKRO @MW GHPRJU
internet price data apgarticularlypromising and theyare discussed in detail in ChapteiMore
traditional types of alternative data also ettt could be used for some purpgsesluding
surveys undertaken by other government agencies and commercial firms as well as
administrative data from government agencies.

Historically in the CPI, &et of interrelated surveys determined the goods and services to
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be covered, the prices of those items, the outlets from which the prices are obtained, and the
relative importance (weight) that is given to each category of goods and services in the index.
Thesemethod of price sampling and establishing consumer expenditure sharemare
appropriateand moreeffective in the 2th century tharthey arenow. Today, and even more S0

to 10years down the road, BLS wilkeed to take advantagealfernatie datasources for the

CPIto keep up with measurement demands and to remain relevant

The current survey infrastructure has been too rigid to captureecentchanges in
consumer behavior in a timely manneritem and outlet samples are refreshed infrequently
(one full rotation take®our years), leading to long lags in incorporating new types of outlets and
goods. More recentlygs noted above, significant share of purchases has shifted to online
retailerscreating new complications for tracking prices over titrdeed, vihen consumption
patterns change rapidihe CPI may miss #se shiftas basket weights are derived from
householdConsumer Expenditur€€E) surveys with a tweyear lag Meanwhile, astte economy
has become increasingly complex and-faswing, user®f the CPI dataredemandingnore
detailed, timely, and high frequency information than &e&fore (Abraham et al., 2QR To
meet modern information needs, statistical agencies andceksesaalikeare turning to
dternative data sourcésinformation beyond that collected through traditiog&ll field
procedures such as-store price checking.

The surveys at the core of the CPI have struggled with falling response rates for
some time, raising concerns about sample representativenegghile surveys ohouseholdg
consumption behavieperformed relialy in the20thcentury the surveybased data
infrastructure underlying the CRas come under stramore recentlyWidespread survey
hesitance has reduced response rates and that, in turn, has boosted the costs of obtaining
representative samples

The challengesof conducting price and expendituresurveys in a timely and reliable
manner have been brought into sharp focus by the COVIEL9 pandemic CPI weights,
updated every two years using lagged CE survey data, failed to capture dramatic shifts in
consumption patterria 2020 and2021, leading to kases ilieasurePlI inflation. Airfares
provide a salient examplEigure %2 highlights the modest decline in the weight on airfares in
the CPI relative tehose estimateldy the Bureau of Economic Analysis for tREEprice index
(which uses more upp-date weights)The figure illustrates howhe CPI placed too much
weight on airfares during this period and largely missed the pandeduiced swings in the
amount of air travel purchased by households.

3The share of-€ommerce in total |$. retail salesurgedby 4 to 5 percentage poirdsiringearly stages of the
COVID-19 pandemi€U.S. Census Bureabttps://www.census.gov/retail/mrts/wwwi/data/pdf/ec_curren.pdf
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1.0 - — Weight of air transportion in PCE consumption (%) 1.0
-- Weight of airfares in CPI (%)

2014 2015 2016 2017 2018 2019 2020 2021

FIGURE 1-2 CPI and PCE weights (expenditsteares) for air transportation, 202821
SOURCE Panelgeneratedusing data from BEA and BLS

Regarding the collection of price quotes, prior to the pandemic, CPI prices were largely
collected through Hperson visits from two surveys: the commodities and services (C&S) survey
and the housing surveBLS suspendediperson collection in March 2020, leading to a rapid
shift to online and telephone collection; this shift in data collection modes is t@gstraFigure
1-3.
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FIGURE 1-3 Shifts in pandemic economy data collection modes for the commodities and
services price survey
SOURCE Panelgeneratedusing data fronBLS.

While alternative data sources will be useful for many aspects of thé @Bg is
important to acknowledge thiwill be difficult to move awayfully any time soon from
systematic nationwide surveys that track consumer expenditure pafervsys vl still be
needed for calibration, benchmarking, and testing representatiyaliesagh, supplemented
with nonsurvey data, perhapsme surveys could be undertaken less frequently

A paradigm shift at BLS is needed for the CPI to benodernized The agencyneeds
to be more flexible about utilizing new data sources, developing new methodologiasd
moving away from a strong emphasis on survey erroAs noted, BLS has builira
infragructure well-suitedfor a CPI based on surveys anattypes of errors associated with
those survey3 and thaframework performeavell for many decades$ndeed, the CRhaslong
considered the golstandard otonsumeinflation measuresThe balance of costs and benefits
of this approach, howevdrasshifted As noted, he surveys underlying much of the CPI are
coming undeincreasingstrainsthatraise the possibility of greatr survey error as well as
differenttypes of nonsurvey errodsers are demanding more timely and disaggregatedatata
outside organizations already are producing inflation estimates using alternative data sources that
are garnering considerable attentibnthis environment, BLS will need to develop aingest in
new data sources and methodologissvell aglevelop theeomplementargtaff and expertise
requiredto ensure that the CPI rema a premier measure of inflation for thesdentury.

More broadlyBLS has a vitalole to playin the danging data culture in economic
statisticsbrought on by thencreasing costof surveys, reduced response raaegemergence of
data complements and substityiasluding administrative and commercial data sourtas.
statistical system now finds itselfa promisingmoment to make headway on modernizing its
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statistical infrastructuren partbecause othe Foundations for EvideneBased Policymaking

Act of 2018 (Evidence Actvhich became law in 2013his act was intended as a starting point

for improving federatlata infrastructurdncreasingly, researchers and polingkers benefit

IURP WKH FDSDELOLW\ WR OLQN DFURVY GDWD VRXUFHYV 3FRC
program administration, and nahRY HU Q P H Q W D GH&takd PotdI] 2000 pl B)s

detailed in Chapter &tatistical agencies around the waal@ already welkhlong inthe process

of improving economic statisticahile, in some caseg)so reducing costs

1.3. CHARGE TO THE PANEL

As outlined in the statement of taskBox 1-1, the paneivas chargedoy BLSwith
examining the potential to improve the CPI by supplemerfingn some cases replacing)
traditional surveybased data collection with an approach that blends multiple (survey and
nonsurvey, government and corarcial) data sources. Perhaps most obvious is the role of these
data sources tonprove elementary indexes (greater timeliness, frequency, and detail of price
and quantity information), but it is also important to consider other stages of CPI construction
such as updating of uppkavel category weightd'he goal of this studig to asesnew
opportunities created iresealternative data sourcés modernize and update CPI methods.
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BOX 1-1 Statement of Task

An ad hoc panel of the National Academies of Sciences, Engineering, and
Medicine will review measurement issues in the Bureau of Labor Statistics (BLS)
Consumer Price Index program and provide guidance for its continued modernization. The
study will examine the potential to improve CPI methodology by incrementally transitioning
from traditional survey-based data collection to an approach that blends multiple (survey
and non-survey, government and commercial) data sources. The panel will consider
opportunities to apply new data sources to improve the construction of specific elementary
item-area indexes as well as to improve index aggregation along several dimensions.

Many data sources have emerged during the past 20 years (since the last National
$FDGHPLHVY UHYLHZ RI W&lk$e&id the\tokdiriigtiognr e G,080+
elementary item-area indexes in a way that improves the accuracy, timeliness, and detalil
of resulting price statistics, or reduces costs in the CPI program. The panel will identify
specific areas where new kinds of data may be harnessed in a relatively straightforward
way to improve price measurement of some items such as food and electronics. The panel
will also propose solutions for some historically difficult-to-measure expenditure categories,
particularly for which the availability of alternative data create opportunities for improved
price measurement.

The panel will consider opportunities to use new data sources to improve
aggregation of the elementary item-area indexes and also to mitigate upper-level
substitution bias in the CPI-U and the CPI-W 2 for example, by taking advantage of the
simultaneous availability of quantity and price information to update baskets and weights
with shorter lags. As part of this task, the panel may revisit concerns about data sources
used to estimate population item expenditure weights. The panel will also assess the
prospects for creating new index aggregates that would present information about prices
paid and expenditure weights for goods and services by households across the income
distribution (by decile, or perhaps by quintile).

Finally, the panel will offer forward-looking thoughts about what price measurement
may look like in 20 years and what BLS can do to anticipate future research and policy
needs. As part of its information-gathering activities, the panel will gather input from data
users, stakeholders, and survey experts. The panel will produce a consensus report with
conclusions and recommendations.

In addressing the charge to the parted,iemainder athis reportassesses theopential of
aternativedatasources tamprovethe CPI Chapter 2 focuses ompportunities, challenges, and
priorities of transactions (scanner) datam vendors or householdseb-scraped dataand other
options for improving timelinessd accuracy of elementary index&hapter Ionsiderghe
role of alternative data sources for use in the constructioigloéHevel aggregatiorphases of
the CPI. As has been made evideynstatistical agenciesf severalpeer counies, nonsurvey
sources have the potentialatbow greatemgility whenconsumetbehaviorchanges rapidly
Chaptes 4 and 5detailhow rew datasources combined with new ethodologiesmight
modernizethe measurement difficult -to-measureexpenditurecategries Housing services and
medical services are, in terms of the link between data and methodological choices and index
performance, the most important of these categandsare discussed in that ord&he panel
alsorefleciedon how various data sows could illuminate price chargf®r products that
experience rapid technological progress (quality chahg&}hapter @he @se fordeveloping
supplementabubgroupprice indexes and how the emergence of new data sources could advance
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that measurement goal, is presentédally, in Chapter 7, organizational recommendations
pertinent to moving forward with data infrastructure planning are made.

1.4.LOOKING AHEAD

CPI moderniation, on which BLS has already embarked, is an enormous undertaking.
Indeed, BLS stated. Q WKDW LWV dgbicantpdrtidhf h®GPHbased on
DOWHUQDWLYH G Xuwhy & alV2&LD @ imprbve th&klevance, timeliness,
transparency, and accuracy of the ARlis work will almost surelyequire additional resources

DQG %/6 DFNQRZOHGJHG LQ WKDW SURJUHVV LV FRQWLQ.
staffing). Nonethelesas highlighted in the balance of this reptre panel believes thttecase
for data modernization in the CPIlusgent,compelling and feasile.
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2
The Potential of Alternative Data Sources to
Modernize Elementary Indexes

The Bureau of Labor StatisticB(S) KbV VWDWHG LWV VWUDWHILF REMH
significant proportion of the CRConsumer Price Indéxnarket basket from traditional
collection to nontraditional sources and collection modes, including harnessingdatgelata,
E\ " % /6 Satidd Yohh@ paneDctober 7, 2020¥mplementing this goal will involve a
paradigm shiftn the way data inputs are evaluated in terms of fitness foEwsa with a
continued role for surveys in the CPI data infrastructure (and in economic statistics broadly),
%/6 ZLOO KDYH WR WDNH VWHSV WR i @rebabilitys&pli®lURIJUDP TV
approachThe agency wilalsoneedgreater flexibiity regarding how closelgew data and
methods must replicate what has been done historically.

7KLY FKDSWHU IRFXVHVY RQ WKH &3,V HOHdatignW DU\ LQGFH
level at which prices are aggregatédrrent methods are briefhgviewed then alternative data
sourceg focusing on various types of scanner and-\sefapediata? are assessed for their
potential to improve the accuracy, coverage, and timeliness of elementary indexes. Challenges to
implementing new data and new metharfsyhichBLS staff arekeenly awargare also
considered

2.1. CURRENT CPI METHODS AND DATA

7KH & 3eméhtatyindexesaggregat®vergroups of goods or services that gas
similar as possible D @&arevarieties that may be expecteddieplaysimilar price
movements (IMF Consumer Price Index Manual, 2020, Chapterd82p.In the U.S. CPImore
than100,000 items are sampled and aggregatectortgponent indexes.hEse basic indexes
estimatethe aveageprice changeor eachof 243items (21 commodities and services plus 2
housingitem categoriesyithin each of32 geographic index areas g7 76 (32x243) areaitem
combinations Prices are collectetbr the more thari00,000goods and services from about

19 / 6 HEndbook of Methodsipdated November 2020, provides a completription of how these data are
coordinated in the construction of the GRIvw.bls.gov/opub/hom/cpi/
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23,000 retail establishmerits75 urban areas across the couafgeyen with thisextensivedata
collection, only a small portion of the many goods, services, or vanetigs an elementary
index can besampled.

Theoutlets that BLSelects to sampler the CPlare choseindependently for each
geographiarea with grobability proportional t@eachRXWOHWfV UHSRUWHG H[SHQG
Consumer Expenditure Surve@K). The outlet sample is merged with an independent sample of
items that consumers buy. The outlet @ach samples are updated each year for roughly 25
percent of the itenf D W H J R WttakaVin dathpfimary sampling unitFSU. For most
commodities and services;ige collectionfrom the selected outletsakes placenonthlyin only
the three largest geographic areas (Chicago, Los Angeles, andddeit is conductecevery
other month in othePSUs Expenditure weights are assigratthe itenstratalevel? in the case
of theConsumer Price Index for All Urban Consum@#®U), for 32 metropolitan areas-or
example, me$ shirtsand sweatersold indepartmenstores in Chicago would be an elementary
index. The price relative calculation for most of the item strata uses the geometric mean formula;
the resi(most notably, for rengjontinue to apply a Laspeyréke formulain which the
estimated quantities of the items purchased during the sampling period serve as®weights

The abovedescribedsurveybasednethodologyintroduced in the 1978 CPI revision,
had long beerviewed as KH 3JR O G VoneBtigh&ibglpficehange$ andit hasperformed
reliady for decades. However, as with other economic statistics rooted in the application of a
20th century survegentric paradigm, the resulting estimaiksly have become less precise
over time reflectinga number of falors. Among these factors afalling response rates and
sampling erroré.Until 2019 the Census Bureazonducted a Telephone Point of Purchase
Survey (TPOPS)n behalf of the BL$o identify the places where households purchased various
types ofgoods and services, forming the basis for the CPI outlet sample. In 2007, approximately
13,500 households completed the survey each quayt@017 the number had fallen to 8,600.

To address declining response rates to random digit dial telephone surveys and mitigate the
associated increase in data collection c@&it§ moved the main questions from TPOPS to the
CE.® Therefore, in the current setup, information on where householdgatd, as before,

2$PRQJ WKHVH SULPDU\ VDPSOLQHEQHWNQW®WAEEM MUMHDWVVH®IK D SRS
than 2.5 million, plus Anchorage, AK, and Honolulu, HI.

39 / 6 fHEindbook of Methodsvww.bls.gov/opub/bm/cpi)) details all stages of the process includiogy the
sampling units and stratification variables are determined, as well as the procedure for selecting outlets and sampling
items within outlets. Specifications for the geometric mean and Laspeynaslés used can be found here:
www.bls.gov/opub/hom/cpi/calculation.hti@urrent weights for detailed item categofes.g., gasoline = 3.1&1
can be found in the monthly CPI news releaseswy.bls.gov/news.release/archives/cpi_04132021.htm

4BLS publishes standard error estimates for all of its indexes. As described in the IMF (iMRuaD20)
VDPSOLQJ HU PiRintd/a SEIE&DNEHONANd an estimation error. A selection error occurs when the actual
selection probabilities deviate from the selection probabilities as specified in the sample design. The estimation error
denotes the effect caused by usingasé@nip EDVHG RQ D UDQGRP VHOHFWLRQ SURFHGXUH’
(www.elibrary.imf.org/view/books/069/0134%78922113699@n/C11.xm). For fuller discussions, see White
(1999), which desdbies the relationship between sampling error and bias estimates, and McClelland and Reinsdorf
(1999) which examines the effect that small sample sizes have on indéegsconclude that it has the effect of
raising the expected values of an index basedamiinear formulas, especially the geometric mean formulae and
that more extensive use of largample scanner data sources may mitigate the problems.

SFor an overview of potential biases, see the following BLS article:
www.bls.gov/cpi/notices/2017/methodolegiianges.htm
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about what they purchases)obtained from the CEvhich, in turn, is used to create the frame of
specific outlets from which prices are then obtained and tratkddrtunately, over the lagiD
years response rates for tigE havelikewise declinedsignificantly. The CEInterviewunit
response rattell from 72.5percentin October2010 to 50.3percentn Deember2019, and the
CE-Diary fell from 73.6percentin October2010to 47.2percenin Deember2019 Response
rates declinedb even lower levelduring early stageof the COVID-19 pandemic but have
since bounced back sorhAs response rates declin@dncernsaboutthe representativeness of
the samplgrew. Sabelhaus et al. (2015), for exampteindthat households at thvery high

end of the income distribution aless likely to respond to thHeE.

Second,n addition to nonresponse, lags associated with suo@lesting information
aboutwhat consumerbuy and whereare of particulaconcern as they create some welbwn
biases in the elementary indeXéd¢ew item and outlet samplese selected on a continuous
basis with aboubnequarter of the sample updated each y€his means that there can be long
lagsbeforeboth newoutlet types and new goodsterthe CPlin a way that reflects recent
changes in buying pattermlthough this problem was acute during the COMI® pandemic, it
is not a new challeng@neearlierexample of this problemwas theemergence of lowerost
warehouse retailefsom which sales were slow to beflected in the elementary indexes.
According to one studyhis delaymayhaveimpariedan annual bias in the CPI of about 0.05
percentage poisduring the late 1980sMore recent estimates bfasoriginating withoutlet
samplingare a bit highefe.g.,about 0.08 irMoulton, 2017, reflecting the increased popularity
of online retail as a lowerost optior?

Bias also emerges frolagsin theintrodudion of newmodels or item varietie® the
index, sincean update ofhe sample oitemsto be priced occurs when the outlets are refreshed.
Here, the bias is thought to be even higleB7 percentage points per year in both Lebow and
Rudd 2003 and Moulton 2017)thanthat associated witbutlet substitutionA key challenge is
that when samples are updatggeeitherto ¥orcedsubstitution” or overall sample refreshment,
there are likely quality changes thdgspite efforts by BLS toapturethem, remainunaccounted
for.

2.2. HOW ALTERNATIVE DATA SOURCES CAN IMPROVE ACCURACY,
COVERAGE, AND TIMELINESS

The digitaldatarevolution has given rise the availability of information sourcelsat?
used in combination with, or in place of, existing surnepave the potential tmodernizeprice
statistics Alternative data sources that have been explored for price measurempsErsgsu
include pointof-sale data (obtained either directly frammcks-andmortar or onlingetailers or

Swww.bls.gov/covid19/effectsf-covid-19-pandemieandresponsen-the-consumeexpendituresurveys.htm
“‘www.bls.gov/opub/btn/volumé/pdf/consumeprice-index-dataquality-how-accurates-the-us-cpi.pdf
87KLV ILQGLQJ E\ /HERZ DQG 5XGG ZDV DGPLWAdKHI@O StEP VHG RQ 3R
(Reinsdorf 1993, 1998) of food and gasoline prices.
SLags in updating the outlet sample can make the agtaple unrepresentatias well Outlet substitution
bias, however, refers to something more specific: when procedures for bringing in the updated outlet sample assume
that all price differentials between outlets are due to quality differences whilality,réne outlets gaining market
share tend to offer lower qualigdjusted prices (Reinsdorf, 1996).
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from firms thataggregas the datg data generated frolmousehold scanning products at home
and data scraped from the web.

The various data sources amenable for use in price measurement differ in terms of the
granularity and coverage of information they contain. Sometimes they only include prices,
sometimes they include expenditures as well, and the amount of product é¢tzalrtibe
gleaned varies greatly. But all of these nonsurvey data sources, along with administrative
sourcesgontain types of informatiothat expanapportunities talevelopa richer array of price
indexes. For exampleptions for estimatingepresentaie statistics at subnational levélave
emerge, andsometimes dbwer cost thams possible when reliant draditional establishment
and household surveys.

Recognizingther potential, effortaare underway LS (and even more so at some peer
natioral statistical offices) to exploitonsurvey data sourcé&ansaction data in particular
generated in real time for the universe of goods with product identifiers and with information on
the outlet, price, quantity, and characteristics of the#tekhD YH WKH SRWHQWLDO 3WR F
VDPSOH VL]HVY DQ LVVXH RI WKH SDVW DQG UStichdkakaeH VDPSOLQ
breadth and detail may help address concerns about sample representdteighéssed by
falling response rates in ti&E and underreporting by consumers of their expenditutess the
CPI programmovesincrementallyaway from the current probability sampling apprgach
standard errors will become less relevasithe metric for assessing data reliabiltgw types of
measurement error will be introduced when traditionatare collection of prices for a small
sample of products are combined with direct electronic capture of large volumes of transaction
data.

New datasourceslsooffer the potential to reduce somgoes of bias resulting from data
lags Thetraditionalsampling frameworkhat by design,nvolvesless than universal coverage
can cause delays in (ientifying new goodsppearing in the market (and quality change
associated with those goods); (ognizingshifts inoutletsfrequented by consumefshich
may creat@utlet substitution biasand(3) updating loweilevel weights to reflect the
composition of purchasesade(which may creatsubstitution bias)Nonsurvey data do not
necessarily solve these probleril®wever wherethe pace of new product introduction and old
product disappearaneeerapid (dramatically highlighted in the COVAD0 economy, surveys
will not illuminate trends until the resulting dateeprocessed and incorporateanths or years
later. In contrast, the arrival and exit of goods is immediately seen in both scanner and web
scraped datahen a transaction occurs or is postatine!* Likewise, when the places where
consumers shop (including new and disappearing stores) are rapidly shifting, current CPI
methods for sampling outlets can be inadequate.

Problematic elements in the CiRcluding response rate issuass documented in Carralt al. ¢015.

HOther kinds of corporate data might also praseful indetectingconsumer trends. For example, information
on revenues and numbeffsrimles completed from ridesharing companies could have provided an indication of how
fast they were displacing tagervicesand other forms of transportation. Theuisss that ifUberor Lyft ridesare
less costly than taxis (#iseyoften, but not alwaysre), and if BLS tracks taxi prices separately from the rideshare
companies, then the drop in the price of urban transit will not be picked up as riders switsh Quadity
differences between the two transit mofigsre in as well. The problem is that tHeest practicesway to deal with
this bias assumes no quality differences (i.e., perfect substitution) betweandride-sharing options
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Statistical agencieis other countrieshat systematically use transactigaad web
based)ata in the CPI were able to provitdi@ely information about shifts in consumer
expenditures during the fir&OVID-19 lockdown in thespring of 2020.The Australian Bureau
of Statistics ABS), for example, was well positioned htandledisruptdaccess to outletss
most of their dectdatacollectionwas alreadyonductednline or over the phonén fact, kess
than2 percent of theAustralianCPI (by expenditure weighi¥ collected byield staffin retail
stores.*? By implementing computeassisted data collection methods over the y@&rS,has
done an admirable job mitigating timing and accuracy probieiinsestimating price relatives
for the elementary indexes; howevilie agencywasless well preparetbr lockdown conditions
due toitsreliance on visiting retail outls.

2.2.1.Scanner Data

Several companies specialize in producing commercial data based on eithefgaiet
transactions from retailers.g.,IRI Retail data on iterkevel sales at grocery storasdNPD
data on casumer packaged goods) or data provided by houseleifsitemlevel IRI
Household data on grocery purchaseslNielsenHomescarprice and quantity informatioon
packaged goods scanned by houséhattegration otthese data sourcesvering consumer
transaction$ias been in theesearch (and occasionalfyjoduction pipelines of statistical
DIJHQFLHVY SULFH PHDYV XU H PIeiywyeats RgbINB VAT pabel&ddédD G H V
WKDW 3VFDQQHU WHFKQRORJ\ KDV phokeds & Rata ldadestibibf@ tve R LP S U
&3, FRP S XINRCNAOBGRQ. 275. That stug recommended research into hpaint-of-
sale dataF R X O G Ebdthtd/delEct items for pricing @mo replace th€ommodities and
ServicesSurvey[where prices are actually sampled and recorded by BLS data collestdts]
guantifythe improvement in the CPIThe report alluded tbow householdbasedscanner data
could be usedto record UPG[Universal Product Codesihd quantitiesalong with key
HQWHULQJ SULFHV DQG RU VWRUH QDPHV DQG DGGUHVVHV’
successfully constructed a basic ittvel index forcoffee using scanner data.Conference on
Reseach on Income and Wealth publication scannerdataandprice indexegFeenstrand
Shapiro, 2002) also documentopportunities and challenges in using scanner data for the CPI.

Point-of-Sale Data from Retailersor Data Vendors

Scanner data offeimultaneous information on prices and quantitiege also makingt
feasible to vastly expand the coverag@miductvarieties and outlet$n so doingsmall
samples of a handful of items to represent broad product categories can, in the proaessabeco
constraint of the past. ké¢n obtained from aggregators, the transactiatscover many more
retailers thardo thesamples used by BL'SMany researchers have used paifisale data to
estimate price indexes. In a recent example, Melser (2821 Nielsen data covering large

2$%6 SXEOLWHKKWHEGYDRI QRWHV" WR GHVFULEH WKH DJHIpPEAI S0OHWKRGV
Seewww.abs.gov.au/articles/methadeangesduring-covid-19-period

BFor adescription of coverage of the Nielsen and NPD ,datdof challenges created by enormous product
turnover, see October 7, 2020, presentations to the panel, availableratiationalacademies.org/event/Q@
2020/docs/D124958ED038610E68986C71BEC8BEAG6D97CBF5F39C35
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share of US. national supermarket spendiag 20 products; datavere disaggregated byeek
by store and byuniversal product code or barcotfe.

Their impressive coverage notwithstandidgta obtained from retailetgpically require
significantprocessingefore they can serve as inputs into price index constryetsbdine
literature using scanndrased methods also indicatésr example, the product codesed in
scanner systemeeed to be matched (or classified) ietdry-level itemclasses used by BLS.
Similarly, caremust be taken to ensutteat the product codesed in the scanner dataernally
track identical items over time and across retailers.

When scanner data are obtained from aggre@ates, much ofthis processing is already
done, reducing thproductionburden toa statisticahgency. However, the proceduressine
firms use are proprietayand it is often difficult to assess whether their classifications hold
guality constant awould be needed for tHePl. Moreover, aggregators oftealibratetheir
sample to industry totafsom other official datgand information on those methods would also
beneeded tassess the quality of the dat&us, effort would be needed to enstreasparency
of alternatives data sourciesthe way thatypically exists withthe public collection of data.
Finally, using aggregators as a data source has the added complication that the vendor could
cease supplyg the data or the cost of acquiring the data could become prohibitively expensive
(theso-called Holdup” problem).

Household ScanneData

In addition to poirtof-sale data, somsompanieproducedatasetgontaining
information recorded bindividuals on their purchases at home using a scanner provided by the
vendor. For food at home, for example, both IRI and Nielsen have such, s@me¢sof which
have been used in price measurement resé&a@ute imporant benefit of these datasets is that
they provide information for purchases made at retailers that do not participate potheaf
saleprogramsPerhaps more importantlgis detailed in Chapter Bpusehold scanner data
containinformation €.g.,demographicsdn the characteristics of those participating in data
collectionthat statistical agencies could potentially use to construct price indexes for different
population sugroups.Such information is less important for constroie of the headline CPI,
which includes broader swathf the population (e.g., all urban consumesspotential problem
with data obtained from consumer panelhe, & noted irKonny et al. (2019, the type of
consumes willing to participate and spend time scanning purchases may not be representative of

Yppproximately 32U.S. retail chains supply data to Nielsen and on average, theselthee22,870 separate
stores. The averagrimber of products in each of the 20 elementary categories was 6,031; on avégfgef, 1
these varieties were available in any given month. On average, 196 cities are represented. The total number of price
observations was 20x292,586 = 5,851,720. Whitesize of the Nielsen database is enormous, the number of
missing products in any given month is also still enormous.

Nielsen data are made available to researchers through a collaborative arrangement with the Chicago Booth
Kilts Marketing Center. Dataubscription prices, for individuals and institutions, can be found here:
www.chicagobooth.edu/research/kilts/datasets/nielseigigen/pricing

BHausman and Lethg(2010) XVHG WKH $ & 1LHOVHQ +RPHVFDQ FRQVXPHU SDQHO
GLIITHUHQWLDOV IRU WZHQW\ IRRG SURGXFW FDWHJRULHYVY EHWZHHQ VXSH
doing, they estimated that, at the time, the CPI measundation of food at home was too high because it failed to
completely capture consumer gains from the growth ofpdee, highvolume superstores.
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consumers overalFor example,hieymaytend to be shoppers who value the incentives provided
to participants

BLS Experience Using Scanner Data

BLS has historically investigated the rolessfanneandweb-scraped dateainly as a
way of obtaining price quotes, perhaps more easily thatone price checking by field staff,
within the current measurement framewdk.S initiatives incorporatingcanrer data in the
CPI program have focused on fleed at homeategory. A decade ago, BLS purchased
historical Nielsen Scantrack ddtasupport researatompaing theperformance of indexes
based on the scanner data witbsth based omaditionally sourcedlata’® Thegoal of this work
was to assess the feasibility of using the Scantrack dalach covered around 2 million
UPCs? as a replacement for some food at home item categories in thélemlielsen data
which omitted convenience stores, bakeriessters, smaller grocery stores, warehouse stores,
and gas statiorsincluded poduct descriptors and average psiéer each observation. At the
time, becausef the significant purchase cost of réiahe dataBLS concludledWKDW LW ZDV 30OH
expensive to collect data in stores than to pay for Nielsen Scantrack for thieneedhta and
JHRJUDSKLF DQG RXWOHW GHWDLO (RoArty étldl20¥9R. YIXSSRUW WK
However, over the past decade, astiore pricing and CE survehave become less
sustainable% /6 KDV LPSURYHG LWV FDSDFLW\ WR KDQGOH WUDQVI
categorizations do not match CPI item categofiee agency has gained experience through its
work with retailers? specifically, a épartmenstore(anonymized as CORP>@nda drug store
(anonymized a€ORPY). The process involves develog concordances between CPI item
categories and those available in the alternative data source. In the Ca#RR{, BLS has
developed a machine learning sgsp WR DVVLVW LQ WKHVH FDWHJRUL]DWLR
LPSURYHG >WKHLU@ DELOLW\ WR KDQGOH ODUJH GDWDVHWYV
al., 2019,p. 6). The CORPX data, provided monthly, include price and sales revenue information
foreDFK SURGXFW VR O Gs acpss\tiieHjevgraphid Brfag daveatoOnHha CPI so that
matchmodel price relatives can be estimated. Even though BLS does not refer to the source as
3VFDQQHU @R Data akeksety similar to the data obtaitlerough barcode scanning
by national statistics offices in other countrgggh aghe Office for National Statistig®©NS)in
the United Kingdom

Useof Scanner Databy Other Statistical Agencies

Statistical agencieg other countrieand academic researchées/eled the efforts
demonstrang the feasibility of usinglternative data sourcés replaceaspects of thexisting
samplebased structurfor price measuremehtAcross statisticaigenciesnternationally the

%The Nielsen data covered the period September 2005 to September 2010 and included totals for the quantity
and dollar amount of merchandise sold by UR@w.bls.gov/osmr/researghapers/2013/pdf/st130070.pdf

This section references only a small samplthehational statistical offices advancing the use of alternative
data sources in their CPI programs. A more complete and detailed review of thecemenef data and web
scraped data for price measurenteint this case focusing on outlier detection methods &iszh be found at:
www.niesr.ac.uk/sites/default/fdégublications/NIESR%20DP%20523.pdf
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motivations behind this work have bedimerse ranging from ost containmenb the need to
morequickly capture effects associated wilte arrival of new goods and outlets the
changing composition of spending patteffs: BLS, Essons learned from these efforts will
have to be adapted to the unique legal and budgetary contextiaiited Statesnd as
discussed in Chapter 1, to the decentralized nature of the statistteahsys

Most agencies that have used scanner data have done so, initially, as an alternative for
price quoteskor examplein Australia, ABSimplemented @hreestage model for integrating
transaction datthatinvolved (1) replacing instore pricegquotes by (unit value) prices from
transactions datasets without changing methods or sgr@leslarging the sampleand(3)
using theuniverse of products and implementing new methods. The ABS project took several
years, andhe thirdstagerequiredR Y HU K D X O L Q JITVEystdmDThRR ©N$ Yollowed a
similar timeline:(1) researcing the methods required to process alternative data sources in
2020;(2) developng systems for processing alternative and traditional data sources it 2020
2021; (3) conductingndex impact analyses for priority items in 2021d a @rallel run to
produce experimental aggregate measures planned for (@)22fimatingaggregate measures
of consumer price statistias 2023 and(5) rolling outtheuse of alternate data sources to new
items withintheinflation basket in 2024 and beyotid.

The methodologicathangesesultingfrom these research effotiave been dramatic.
For exampleStatistics Canadeeporedthat,as ofMarch 2021, 5@ercentof collected prices
originate from alternate data sourcesich encompassiore than scanner data), representing 20
percentof the CPI Basket Weight. The agency is aintmgollect7080 percentof its price
guotesfrom alternative data sourcespresenting 5percentof basket weightoy March 2023°

ABS uses scanner ddtam retailergo obtain prices foabout 16 percentoc$ X VW UDOLD §V
CPI by item weightCovering approximately 84 percent of all expenditures at supermarkets,
thesedateRITHU QHDUO\ D 3 FHQVXV™ RI VDOHV DW WKHVH RXWOHMW
as well as information on quantity of items sold, dollar value of items sold, and geographical
location?’ Scanner data enabla chained formul#o be constructefbr that portion of the CPI
as well As discussed in the next sectidBS also usesveb-scrapedoricesfor about 5 percent
of the CPI by item weighalcohdic beverages, clothingnd car partare major categorig¢sand
administrative sources for another@&cent (electricity, gas, childcare, fuel, pharmaceuticals
and insurancey}

The ONS in the United Kingdoims likewise moving forward with incorporatimgpint-of-
sale transaction data from retaileal®ng withweb-scrapedand administrativelata As has been

Byww.ons.gov.uk/economy/inflationandpriceindices/articles/introdwdtamativedatasourcesintoconsumerpr
icestatistics/may2020

1%0ctober 7, 2020, presentation to the panehbidi Ertl, Director of Consumer PriceStatistics Canada
www.nationalacademies.org/event/Q®-2020/improvingcostof-living-indexesand-consumeiinflation-statistics
in-the-digital-age meeting®é.

20www.abs.gov.au/statistics/research/reemmplicationssupermarkescanneatanationataccounts

210ctober 7, 2020, presentation to the panel by the Australian Bureau ofStatisioverview of methods
XVHG WR LOQFRUSRUDWH VFDQQHU GDWD [2@uuRing\hidud thestged$ywasgot® WL ODWHUL
about implementing data changes (e.g., communication with external users, research conducted, input from
international expert$) can be found here:
www.abs.gov.au/AUSSTATS/abs@.Nsf/39433889d406eeb9ca2570610019e9a5/40fc971083782000ca25768e002¢c8
45b!OpenDocument
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the case for other countries, one important research task has been to map item classification. This
research focuses on ensuring that the right products are in place for the varioustdataset
produce an index for spiic items as defined in the ONS C?I.

While scanner data provide a useful source of price quotes to fold into the existing
production system, such data also contain information on quantities that may be used to estimate
elementaryprice indexes directly. Transaction data can be aggregategbyditures and
guantities sold at the UPC level to form a unit value that serves as the price; scanner data from
aggregators are already aggregated to the UPC TEwelresulting price and expenditure data
can be used to generate superlative indexedi¢&lat al, 2021 or to obtain hedonic price
indexes.

Indeed, aaumber of national statistical offices are at comparatively advanced stages of
their data modernization programs, bypassing the current shassd production system and
calculating pricendexes directly from alternative data sources. Statistics Norway began research
to use scanner data to compute the subindex for food and nonalcoholic beverages in 2005
Statistics Netherlands introduced supermarket scanner data into their CPI {d&@dibed in
Chessa, 201@&le HaanWillenborg, and Chessa016) Beginning around 2008, Statistics New
Zealand began researching use of scanner data to directly estimate price change for products sold
by supermarkets and for consumer electroffitheir research focused on overcoming, with the
use of scanner data, volatility of prices and quantities, due to discalsgaspnalityand the
churn of new products entering and old products leaving the ntarket.

2.2.2. WebScraped Data

Scanner datare not available for all commoditigSor some itemaotably goods
purchased online or goods where one firm dominates the market (e.g., Apple smarfphones)
scraping price data available the interneprovides an alternative to the traditional survey
based methodaNeb-scraping refers to the process wherplige and produdhformation is
collected automaticallfrom websites on th internetusing software that simulates human web
surfingactivity. The objective is to transforomstructured website dataio structured datéor
CPI construction (or other) purpas@&he maindrawbackwith the use of welscraped datéor
official price measurement is that whpeces ofavailableproducts are known drcan be
measured almost continuoushgethods are lacking for establishing their relatmeartancan
the consumption bask&This means that is not possible, using wetcraped data alone, to

2?Details of the UK ONS experience experimenting with multilateral indexes for scanner data can be found in
38V\QJ DOWHUQDWLYH GDWD VRXUFHV LQ FRQVXPHU SULFH LQGLFHYV 0D\
www.ons.gov.uk/economy/inflationandpriceindices/degéusingalternativedatasourcesinconsumerpriceindices/may
2019

23Gtatistics New Zealanias since implemented a hedonic multilateral method for consumer electronics based
on scanner data purchased from market research company GfK. They have not (ye®@mteplestanner data from
supermarkets.

24unece.org/fileadmin/DAM/stats/documents/ece/ces/ge.22/2014/WS4/WS4 11 New Zealand @81 dcan
ata.pdf

%There is, however, some price measuremesgarch geared towaagproximaing expenditure weights for
web-scraped data. See, for example, Thomas and Ayoubkhani (2019) along with foundational work to model sales
guantities by Chevalier ando@lsbee (2003).
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construct the superlative indexes that are viewetdsaperior approach twonstructingndex
numbers®

The most prominerit.S. player in tle webscraping d&a collectionspace is not a
VWDWLVWLFDO DJHQF\ E X Walld, spiheff €om@aOy FRicg SEBricé3tats SURMH F W
currently tracks about 25 million prices per deym 1,100 retailers in 50 countries. In the
United Stateslone, it collects 2 million prices per deyreal time on a daily basfsom not only
onlineretailerssuch as Amazon.cgrbut alsdrom the websites of traditional and large multi
channel retailers that sell both online and oftfiheroduct categories incledood and beverage,
clothing, housing, recreation, household products, and héattbng the cditaelements collected
areprice, product description, and product attributes. The codoytigountryinflation series
publishedcontain daily averages of price changes across multiple categories and retailers, by
sector PriceStatdas the kind oéxpertise collecting and processing online data in a production
environmenthat is similar to what BLS would need to setifup plans to emulate the approach
to construct some of its elementary indeX&sen so, academic research of price measurement
GRHV QRW SURGXFH :*RIILFLDO VWDWLVWLFV"  DQG VR WKHUH
methodghatare only suggestive of approaches that BLS could consider.

Unlike scanner datéhe web offerdistings of prices (not prices actually paid) with no
information on the relative importance of the different off@rsimportant benefit oiveb-
scraped datss that it is more accessible and is often easiercertainly quicketo obtain than
aredata fom retailer§which cantake months or yearsAdditionally, the approacbffers real
promise in addressing the timeliness probterindata processing can be automatede lags
can be almost eliminated

BLS Experiencewith Web-Scraping

Until recently, BLShad only used wekscraping in the CPI for research purposes and to
collect supplemental observations used in constructing hedonic models (Konnz@t 9.
However, leginning in March 202Qjue to initialCOVID-19 shutdownsBLS had to improvise
as the monthlyin-person collection of price data from retailers and businesses by field staff
came to a halPrice checkerswho could no longer go to storémd to switch tdill ing up
virtual cartsonlineto check prices. This proce@srought on as a stopgap measure in the face of
the immediate crisjsand not fully wekscraping mimicked the irstore price checking activity,
but itwould reedto be automatefperhaps using@riceSat methods as the model timeliness
and efficiency gains in data collection are to be realized

A first steptoward integrating welscraped price daiavolves performing researc¢h
assess the extent to whiphcingis the same irstore and onlinandwhether the two setsf
prices move in a highly correlated fashi®BLS hassome experience withis kind ofwork
when itresearced FRPSDULVRQV EHWZHHQ &3,V FXUUHQW GDWD FRC
and webscraped data from a tech compaingt crowdsources fuel prices from around 100,000

26See the appendix to this chapter on the use of multilateral methods for blending alternative data sources,
including webscraped data, to estimate price relatives.
2’Similar data can alsoe found ahttps://www.pricestats.com/approach/datanposition.
28Cavallo (2017), investigating the similarity of online and offline prices using evidence from large multi
channel retailerdfpund WKDW 3SULFH OHYHOV DUH LGHQWLFDO DERXW SHUFHQW F
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gas stations across thimited StatesPreliminary research showed that a Jevons price index
based otheseGDWD SHUIRUPHG DOPRVW LGHQWLFDOO\ WR WKH FR
despite the fact thalhé data were not weightedt ¢he time of this researde CPI usel TPOPS
to weight gas statiopgKonny et al, 2019. BLS has also been engaged in this kind of research,
for example, omesidential telephone and telecom servemedairline priceswhere, for the latter,
webb EDVHG SULFLQJ S HQDEOHV WKH &3, W/owhHJ BcEdddilgptB RUH GHI
BLS fact sheet’

A key questionfor % / 6 fveb-scrapingresearchs to investigatdnow alternative data
sourceanbe used taveight products/clusters in the absence of expenditure and quantity
information Questions include: KDW GR WKH 3ZHL 3&uUW¢a/or tRd ratakeH G D W D
represent? In turn, how should the price indices within and across data sources be aggregated?
(Claude LamborayEurostatpresentatiorio the panelOciber7, 2020). These limitations of
web-scraped data suggesbl@nded approacl&canner data can be usedestablish weights for
some categories. Alternatively, Bloay be able to collect useful imfoation bycontacing
retailers and askg about theibestselling products in different categories. This is currently done
by the price inspectors when they visit a physical store, so it wouldaréta drastic change in
approachThe advantagef this kind of blendingvould be that the weights could be obtained at
low frequency (e.g., once per quarter or semester), while the scraping provides data at higher
frequencies.

Work at Agencies Internationally

Relative to BLS, amumber ofnational satistical offices in other countriégve pushed
forward moreaggressivelyith web-scrapingn their CPI programsThese initiativeswhich
typically focus on repricing products already in the indexe been motivated in part by the
increagdshare ofetail spendinghatis being transacteahlineand theneed to monitor prices
for these outlets. As highlighted two studies of the UK, theK ConsumePrice Satistics
Review(Johnson2015) and théndependenReviewof UK EconomicSatistics(Bean,2016),
opportunitiesaboundio improve the efficiency and quality of collection methads.the quality
side, price data from the web can be collecteqltimelier manner thais possible wen relying
on surveys othird-party scanner data to be processed. On the cost satesavaping an
automateprice collection br some goods and servi¢cesich can potentiallyeducecostsand
increased coverage

StatsticsBelgiumscrapesround 6 million prices per month in categories such as
clothing, footwear, hotel reservations, airfares, international train travel, secondhand cars,
consumer electronics, books, and videogarSegeral of these categoriasealready
incorporated intottd FRXQWU\TV RIILFLDO &3, .HYLQ B&3&tdtRhiiQ 6WDW
the panel, October 7, 20R0

ABS has been incorporatingelr-scraped prices progressively int®CPI since March
2017 currently using primarily direct replacement strategyis the primary data approach for
some significant item categories such as alcohol and tobacco (7.3 percent weight), clothing and
footwear (3.5 percent), furniture and household equipment (3.7 percent), and recreation and

29See BLS Fact Sheetww.bls.gov/cpi/factsheets/airlifiares.htn.
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culture (12.7 percent). Much of the current watraping is currently carried out manually but
the agency is moving forward toward automatibine agency is nowbking intothe potential
for Application Programming Interfacés accesgricing informationthatcan be more
straightforwardhan maintaining welscraping code over tini@

2.3. FUTURE DIRECTIONS

2.3.1.Challenges

The most obvious obstadie past efforts to incorpomtlternative data sources into the
CPIlhas beeithe (sometime}pprohibitive cost of acquiring scanner data, particularly those
obtained from aggregator firms. As noted abokis, has been cited IBLS as the main reason
for not moving more quickly to repte instore price quotes with scanner data from commercial
firms (Konnyet al., 2019)Even if affordable, using data processed by a third party involves
uncertainty about how the data were compiled and processed.

On the methodological front, a pervasive problem with alternative data sources compiled
by aggregators is that the data are EORWHG IRU S QRQVWDWLVWLFDO™ SXUSRYV
representative. Many commercial data souomggaining price and expenditure information
useful for price measuremengly on convenience samplésthave coverage patterns that differ
from tho® in currently used sources. For exampheEE@onomic Research Serviseidy by
Levin et al. (2018) assesskdw well totals from the (unweighted) IRl scanner data for food
align with data based on other souraesluding products from the Census Burealg(, the
Economic Census and County Business Pattefing) researchefeund differences that suggest
the data would likely benefit from the construction of ggisttified survey weights.

Typically, anyadjustments made by the vendoathieve aepresentativesample
(controlling to totals, weighting, etc.) are not transparent. More generally, statistical agencies do
not controlthe creation and curation of the data agdragated datasets are manipulated before
they are made available. Vendors havéedent priorities thamational statistical officeNSO9
so may make adjustments that are useful for their own purposes but not so helpful for NSOs.

Often, there are no clear incentives for providers to be transparent about methods/changes. Not
knowingwhat scanner data aggregators have done during production éftdata is often a

lack of documentation or transparedag a major shortcoming for use in productiorotifcial
statistics.

Aside from concerns over representativeness, coveaagether issuedescribed above,
sWDWLVWLFDO DJHQFLHVY H[SHULHQFH ZLWK VFDQQHU VRXUF
that mustetackled. In particular, indexes constructed using {ifgquency scanner data can
VXIIHU IURP D 3FKDLQ GULIW" SUREOHP WKDW LQWURGXFHV E
approachebave been developeduch asnultilateral methodsdescribed in the appendix to this
chapte)y and adopted by some statistical agesito deal with the chain drift probleth.

SAwww.abs.gov.au/articles/wedrrapingaustraliarcpi

3 ndex chain dft is defined by the difference in the performance of a fixed base price index and a chained
index(Klick, 2017. Chain drift can trend upwards found by Feenstra and Shapiro (2003) in a study using scanner
data on canned tuna to compile a weekly claifi@ngvist index It can alsdrend downwargdas found by de Haan
(2008) ina study using scanner ddtam a Dutch supermarket chain detergents. The international price statistics
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nomenclature so concordances must be constructed to bridge categories in the new data source to

the CPI Another issue common to both sources is that price quotes typically contain outliers
so that consistent and transparent methods must be applied to avoid undue volatility in the
resulting price indexe¥.Some of the challenges listed depend on the type of retailers being
scraped. For example, \6éXHVY ZLWK WKH UHOHYDQFH FULWHULRQ
FDQ DSSO\ WR GDWD VFUDSH @BayaRIPVEe@ LQH PDUNH
Marketplace Sellers where individual sellers can publish postings; BLS can control this by

scrapng only goods oras an exampleéhe Walmart.com website and exclude marketplace

E\ ZKRP~

sellers altogether.

To extract all available metadata from websés®requires continuous monitoringor
example, sripts need to be adapted when websites chemaoid periods without dafdin so

SDUH

doing,federal agencies need to obey legal restrictions on individual websites, such as terms of

use.Statistical agencies have begun to growstatfs with the right skill set to carry out these

processes.

TABLE 2-1 Novel Quality ProblemsandMeasurement Methodswith Web-Scraped Data

Input data
quality criteria

Web-scrapeddata

Novel quality problem
(for consumer price statistics)

M easur ement method

Represantativenesof online data

Information by dataproviders;

aweb- scraper might leadto different
price displays than first-time users)

Relevance (are productsofferedreally sold and by otherwise unreslved

whom?)

Website content may be | P-specific (a Comparison of automatically and
Accuracy userwho frequently checks awebsite or | manually collecteddata

TimelinesyPunctuality

The amount of datamakesit difficult to
judge dataquality within a reasonable
amount of time

Quantitativeingead of qualitative
processng of data

Accessibility

Websitesmight identify web-scrapers and
block them

Unresolved

community appears to have reached a consensus that multilateral msttobdas those proposed by Ivancic,
Diewert, and Fox (2011), offer an approach that provides-theft, superlativaype indexes (Kalisct2017)

$2For a detailed description of outlier detection methods for alternative data sources used in price measurement,
seewww.niesr.ac.uk/sites/default/files/publicat&iNIESR%20DP%20523.pdf

33n a presentation to the panel, Alberto Cavallo and Pilar Iglesias (PriceStats) illustrated how their company
addresses this issue: https://www.pricestats.com/approachfmazosition.
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Websiteschange frequently. Numberand level of targetvalues
Completeness Relevant variablesand URLsmight not | are measuredagaing historical
be identified and scraped valuesfrom previous datacollection
activities
Clarity/
Interpr etability No new quality probem

SOURCE Auer and Boettchgi2017). Reprinted with permission.

Finally, replacing traditional price collection with data obtained from vendors could lead
to dependency of the statistical agency on the data providers; even with strong contract
provisions these data could be changed or discontinued without nbtitiee future, it may be
possible for agencies to set up their own scanner data ansonagiing operations, but such a
system is some ways offhemore immediate tasks would be to set up contracting arrangements
that make sense for both BLS and data jplens, ensure confidentiality given teensitivity of
the data, set ugrrangementthat ensure reliability of sources, arr@ate ontingency plans in
the case of disruptions in the supply of CPI input data.

As it moves toward a new paradigm for dataldy assessmeliBox 2-1), BLS will be
able to draw fronguality evaluation frameworks developed elsewhere. One exasiple
framework developed by the Statistical Office of the European Uniong&gr2013) which
includes five major output qualityomponents: relevance, accuracy and reliability, timeliness
and punctuality, accessibility and clarity, and coherence and comparability. In practice, BLS will
FRQWLQXH WR SHUIRUP YHU\ JUD@x@RidurcE&shBdiaimQV WR 3Y|
indexesestimated from them with those estimated indfieial index3*

BOX 2-1 Assessing Data Quality

At the core of efforts by statistical agencies to broaden the sources of information used for
purposes of economic measurement is the need to assess the quality of new data.
Historically, data quality assessment at statistical agencies has been focused on response
rates and variance estimation appropriate to the survey design. However, because the
movement by statistical agencies away from a survey-centric system is undeniably
underway, and because quality standards must still be maintained, a broader approach is
needed. Indeed, a previous expert committee recommended that federal statistical agencies
fadopt a broader framework for statistical information than total survey error to include
additional dimensions that better capture user needs, such as timeliness, relevance,
accuracy, accessibility, coherence, integrity, privacy, transparency,and LQWHUSUH W L
(NASEM, 2017, p. 117).

34The Census Bureau has performed similar@ses with NPD scanner data, comparing stevel revenue
data to that reported in their trade surveys. As expected, coverage is a major issue. The Census Bureau only
purchased data for stores that wérest relevantfor their purposes and, currenthyg\re 20 retailers (each with
many outlets) that have given NPD permission to provide the data to Census (for details, see
www.nber.org/system/files/chapters/c14270/c14270.pdf
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FRU PRVW NLQGV RI QRQVXUYH\ GDW D-uprkiéthhiduesy OLW W O
IRU DVVHVVLQJ WKH YDOLGLW\ UHOLDELONABEMR@G PUREXVWQ
128).That said, increased attention is now being given to measuring the quality of administrative
and commercial data, and how that quality compares with currently used survey sources.
Statistical agencies are being pushed to move beyond frameworks such &uiveta Error
(TSE), which parses potential sources of error and variance broadly into sampling and
nonsampling errors (Biemer, 2000ASEM, 2020, pp. 1299.30). TSE metrics of precision (the
basis of current quality assessment) are highly focused omsespates and, thus, not relevant
for evaluating alternative types of data (e.g., scannerseedped) that are and will become
increasingly useful in CPI construction.

An example of a more expansive framework is the Total Error Framework,(WBIEn
broadens the nonsampling error component to include measures of error associated with
commercial and other types of data and suggests methods for comparing errors in big datasets to
errors in survey datasefsAn important aspect of data qualityr filansactions data like scanner
data and payments data is gaps in the coverage of the population of interest. The set of missing
observations due to nonreporting may change from month to month, and information on which
observations are missing from thdak®et may be unavailable or incomplete. This can make it
challenging to control for coverage changes.

2.3.2. Opportunities

Overall Strategyfor Integrating Alternative Data

To date transaction data have typically been integratedementdly within % /6 |V
existing CPI infrastructurepportunstically or when pressure to do bas arisefbecause ch
problem with a conventional data souré&eQH QRWDEOH H[FHSWLRQ LV %/67V XV
data on transaction prices and feale expenditures for light vehicles, which does not rely on
the usual samplbased methods for selecting outlets and vehicles to gitieemosicommon
applicationamongstatistical agencidsas been tanatch and replagerice quotepreviously
obtained by field staff at outletgith electronicpoint-of-sales dataGoing forward, BLSwill
needto progress in areas wheragiabledatamay already be presetit wherebenefits in terms
of cost detail,or accuracynay emergérom pursuingalternative sources

Recommendation 2.1BLS should embark on a bro#ésed strategy @afccelerating and
significantly enhancing the use toAnsactions data and other alternative data sources in
CPI compilation. BEhbracing alternative data sources now, and moving forward
aggressively with research for their integration, will ensure that the accuracy and
timeliness of the CPI will not be compnised in the future. The data modernization
strategy will involve:

35For a description of this framework, s€etal Error in a Big Data World: Adapting the TSE Framework to
Big Data(academic.oup.com/jssam/artiadbstrac®/1/89/5728725?redirected From=fulltexfor a broatased
discussion of quality assessment frameworks for statistics using multiple data soursésSEdE 2017, Chapter
6.
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x ldentifying promising alternative data sources and then prioritizing the work needed
to evaluate and incorporate these data into the items/strata where they can be applied;

x Continung devdopment of a robust research agenda that supports incorporation of
alternative datand associated new methodologiesre broadly beyond just price
guote replacement;

x Continweresearch assasg the quality of new types of data;

x Developing staff expertishat includes more data scientists and other specialists;

x Creating a crosagency strategy fagaining access tdata? from third-party
providers and, if possible, direct feeds from the largest retéileith the possibility
of joint contracts across stateal agencies;

x Carrying outa strong communication strategy to inform stakeholders of plans and
implementation details.

The kind of data modernization enviseatwill require upfront new investments in data
acquisition, updatingf production procedures and IT systems, and staff trai@b§.analysts
haveextensive expertis®r conceptualizing and measuring different error sources
conventional data sourcbsit IRU QRQVXUYH\ GDWD °:H[SHUWLVH DQG WU
computer science for processing, cleaning, and linking datasets and the errors that can arise in
WKHVH RSNASBNMY20RTQN 127)n the future, CPI staff skills will need to shift (at
least partially) away from those needed to obtain structured price information and toward those
needed to process unstructured price #ata.

After these initiainvestmens, oncehe agency transitions into a routine maintenance
phase, cost savings are posstbfarticularly as transaction and online data allow a shift from
laborintensivemanual (fieldbased) to automated data collection proce¥degen if savingsare
not guaranteedBLS should not be deterreGiven its wide use by markets and in policy making
decisions, the primary objective should be production acanrae CPI BLS will need support
in the funding process so that néarm costs do not obs@ithe potential longeterm benefits of
developing new data sourcéd/hile BLS hascertainlymade progress using transaction data to
replace price quotethe agency hathe opportunity to go much further

Recommendation 2.2BLS should accelerate its research identifying alternative data
sources that could potentially be integrated to replace price quotes collected within the
current framework. As part of a proactive plan for modernizing the data infrastructure
used in elemeaty index construction, BLS should develop, apply, and communicate
clear criteria for identifying and prioritizing new data sources for various item categories
of the CPI.

3¢Auer and Boettcheg2017)includeda detailed discussion of the ways in whicle@istatisticians must+e
think index compilation procedures when using veebaped and scanner data. See, specifically, the section on
3$VVXULQJ 'DWD 4XDOLW\ RI /DUJH 1HZ 'DWD 6RXUFHV =~ 7KLV UHSRUW OL\
whenmigrating toward alternative dalmsed price measurement programs. These include expertise in big data
platforms, analytics engines and programming languages, visualization and reporting applications, data
warehousing, security frameworks, web crawlingidpand storage infrastructure.

3'The fieldbased labor force for the CPI program includes around 8@irfdl and 425 patime data
collectors working in 75 cities in 43 states.
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As documented above and in the many references cited, the potential for an eéxpantie
scanner daten particularhas been broadly recognized, including by BB&sed on
documentation from the companies NPD and IRI Nielsen, TaBlprdvides a sense of the item
coverage in some of the large scanner datasets. These productesi@goquite broad and
sometimes exclude iteAdor example, NPD does not collect data on cell phones. And even
scanner datasets that have good item coverage do not always have comprehensive retailer
coverage. For example, Home Depot and some other hopneviement stores do not
participate with NPD; prior to 201 Walmart did not participate with IRl and Nielsemd the
data vendors had to visit the retailers (just like BLS does) to get pffcing.

TABLE 2-2 PotentialScanneDataCoverageof CPIlltems

CPIITEMS RELATIVE IMPORTANCE

All CPI Available in
items scanner data*
Food 142 7.9
Energy 58 0.0
Commodities less food and energy commodities 203 12.1
Total 40.2 20.0
NOTE: Totals are based on Nielsen and IRI pafisaledata andHomescan dafand NPD
data

The most obvious limitation gfoint-of-sale sanner datasets that their coverage is
constrained tgoodsonly (packaged goods, actuall§p frviceswhich amount to about 60
percent of the CRRarenot coveredThis means thaf scanner data cover abcualf of the CPI
relative importance for goodthe totalamounts to a bit leshanonefourth of the overall CPI.
However, the missing goods are mainly vehiaespackagefbod, and energy, where other
alternative data sources may be helgfar food, the Homescan products (done by consumers at
home, not thetorebased POS data) provide full coverage of retaiteatcould be used to fill
some gaps. Likewise,lag advantagef web-based data is th#teyincludemany types of
services.

AssessingData Fitnessfor Use

Paramount among the challengeshifting away from traditional data collection is
evaluating the quality othe new replacemenfata.The CPI samples have traditionally been
designed with the goal of representative coverage of the full population of goddervices
consumed by U.S. urban households, although in practice there have been some gaps in
coveragesuch agor new goodsNew data sources may offer tradeoffs in which there is
improved coverage along some dimensions (for example, the numtemnsfor geographic
coverage) that must be traded off against reduced coverage along other dimensions (for example,
the number or variety of outlet$h some instancesarge, quickly available samples that were
not designed with representativeness indmray be preferrable to small samples that were

3Bvww.wsj.com/articles/SB10001424053111904233404576460164032135744
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designed to be representative, particularly if they are not timely. A sample representative of the
populationfive years ago, for example, may not be that useful today. Unfortunately, assessing
data quality tadeoffs along these dimensions is not simple.

BLS has already stated thaty purposes of expanding the number of expenditure
categories to which alternative data sources could be apphfediHL U SULRULW\ ZLOO EH 3
factors such as index qualitysiges, relative importance, size of sample, alternative data source
DYDLODELOLW\2019R.Q%).\Oth&éimimMant data characteristics inclutie
following: detail of product coveragégeographic coverage (there is a question of whether BLS
should scale back on geographic sampling, especially for items for which activity is shifting
online), capturing transaction (as opposed to list) prices, timeliness and frequency, and nature of
sampe (random versus convenience, censgrsussubset). Some of the criteria for evaluating
data quality? perhaps especially timeliness and other dimensions of grandldnéye often
EHHQ XQGHUYDOXHG DV LQGLFDWRUYV RI Twi €tatigficsE XW DUH 31
based on multiple data sour¢ésIASEM, 2017, p. 117).

Recommendation 2.3In the context of CPI construction, which will increasingly rely

on data blended from multiple sourcB&S should regularly publish information on the
characterigcs of alternative data they plan to incorporate. Impodaatity indicators
includethe following number of products covered, number of observations/price quotes,
type of price quote (listed price, transaction price)giow many matches of products

can be made across periods, extent of coverage within and across expenditure categories,
frequency of updatesndlevel of product detail.

Thiskind of documentatiors a component of the transparent communication stratiegyified
in Recommendation 2.A National Bureau of Economic Research papamnfy et al, 2019)is
a great example of what is needed, but on an ongoingZpsihaps evergix months.

DevelopingParallel Series

A strong research program must accompany the transition to a mixed data infrastructure
for the CPI.

Recommendation 2.4BLS shouldaccelerate testing of indexesnstructed from
alternativedatasources and nemethodologies. Before BLS incorporates al&dive
data for specific item categories into the official CPI, it will be importamamtaina
significant overlap period (perhaps as longvesyears) during which parallel indexes
based on new data sources can be tested and compared againstitieimaly
constructed counterparts.

The overlap period also allowssificant changeso CPI methodology and data sources to be
vetted with the public and user communities. BLS might also consider a comment period for
particularly important changes moethodology.

3%Product coverage and completeness testing are particularly important given the substrata thgpBizgh
is thinking of adding, as is capacity to capture rapid item disappearance and appearance or churn.
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$Q LOOXVWUDWLYH H[DPSOH RI SDUDOOHOQd&sErDddHYV FDQ E
above)using comprehensive transactions data from a departmenttsiorecluded an
assessment of how the CPI would have performgubffe data had beesed in an earlier
period.Currently? while the nonsurvey data and survagntric worlds still very much
overlap? statistical agencies have the opportunityntake these kinds of comisons If current
surveys become obsolete (due to costs, deteriorated response rates, etc.), the opportunity to test
parallel series will be lost.

Multilateral Methods; Measuring Quality Change

BLS will no doubtcontinueits research usinglreadyobtainedscannerdata sources as a
laboratory taest how the data perforand methods for blending those deta way that is
statistically soun@nd useable in théPI programThe panel recommends that Bd8velop a
robust research agenda that supports incorporation of alternative data more broadly beyond just
price quote replacemerithis will requireacceleratingesearclevaluating theole ofthe leading
multilateral index approacheesigned to maximeand automate the use of alternative data
sourcedor the construction of new elementary indexes that do not require the usual survey
based paradigrtthe methods ardescribed in the appendix to this chapter)

Recommendation 2.5BLS should prioritize experimenting with and getting up to speed
on the use of multilateral indexes for scanner data anesaraped data.

One question th&LS will confrontis whetherthe leading multilateral index approaches
(especially those already use at NSOscanbe applied and used in reahe without the need
to revise the indexe8LS can benefiextensivelyfrom the work already done on the topic by
Statistics Netherlands, Statistics New Zealand, and.ABS

A key element of the multilateral research program involves assessing the capacity of
alternative data sourcés identify product attributes and apply quality change estimates. Where
rapid quality changes are common, such as for-tegh items, combinindatasets that include
product codes and identify product characteristics in detail provides rich opportunities for
improving measurement. SucboaWD FDQ VRPHWLPHYV EH HIWUDFWHG IURP |
websites to perform quality adjustmefftén these cases, alternative data sources can be
incorporated into work on hedonic methods, such as those developedksof and Pakes
(2011) to adjust for unobserved characteristics and that correct for sample selectiorf'effects.
These approaches wikquire gaining expertise in multilateral indexes so that they can continue
to be evaluated as they develop.

Recommendation2.6 $ PDMRU FRPSRQHQW RI %/6V UHVHDUFK HI
using scanner data and wstraped data should be assessing fiw#ntial for quality

change adjustments. Initially, this work could be part of an effort to replace price quotes

from traditional data, though ultimately the use of new alternative data likely will lead to

40See, for example, Bajari et al. (202@hich uses product descriptions from Amazon to estimate hedonic
price functions and, in turn, Fisher price indsxor the period 2012017.

4IAs described in thappendixto this chapter, recent reseatasattempedto perform quality adjustment at
scale, often with the use of scanner data.
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the need for new methodologies for adjustingdgiaality change. Top priorities should be
items with large expenditure shares and items undergoing rapid technical change.

Methodological improvements along these lines could be consequential when high expenditure

items are involved. Accordingly, communiicas goods and services (internet, streaming,

mobile, and cable) is a good exampl® QG DSSHDU WR EH QiddiliessW KH WRS R ¢
Statistics agencies in other countries have likewise been exploring the value of alternative data
sources for measugnquality changé?

Automating Web-Scraping

As noted aboveajuring the COVID19 shutdownavhenmonthlyin-storecollection of
price datavas not possiblgyrice checkers had to switch to filling up virtual carts to check
prices? This proces3 brought on as a stopgap measure in the face of the immediate crisis and
which only mimicked the kstore price checking activig/needs to be automated

Recommendation 2.7 Converting opportunities for permanently automating-web

scraping of pce data should be a high priority for the Cialevaluating the usefulness

of web-scaped data for elementary index estimation, food, electronics, and apparel should
be priority categories. Data for these categories are readily available with aHargeof
transactions already online, and work by other statistical agencies and-pegtie
organizations have demonstrated fedisib In the shorterm, BLS could consider

obtaining webscraped data from outside venddmst ultimately BLS should delop

automated welscraping methodologies within the agency. As progress is made, internet
and traditional outlet prices can be compared during a testing period.

Automated methods similar to those develope®hgeStatshould be adopted for
processingveb-scrapediata® As alluded to above, most of the data scraped by PriceStats
comes from the websites of companies that sell both online and offline. This is important for
BLS sinceit means that the same retailers that its current price inspectonshyisically can
also beweb-scraped.BLS couldfocusfirst on these retailers so that the only thing that changes
LV WKH 3SFKDQQHO ™ ldrdtdlleZi&d, roKthe/risthile@ob. Waker on, BLS can
consider scraping onlirenly retailers, which are likely to have more differences in pricing

2%HURZQ 6DZ\HU DQG %DWKJIDWH UH YRBIZKW KM B G LLUH AW H & ¥ X BRUWV
smartphones and the hedonic models used for quality adjustment of telecommunications services. The directed
substitution method for smartphones, which BLS began using in the CPI in 2018, rotates iragjedigd prices
of new nodels every year, or even ey&months.

“¥For example, in work measuring price change for consumer electronics using scaniStatistiasNew
Zealand has been employing thidemmy hedonic modelsww.stats.govt.nz/methods/measuripigce-changefor-
consumetelectronicsusingscanneidata Seealsotheappendixto this chapteon multilateral methods for a
discussion of qualisgchange measurement in the context of scanner andevaped daté_éonad, Sillard, Varlet
and Zoyem2015)

44At the same time, response rates to the CommoditieSemvitesPricing Survey and to the Housing Survey
also dropped off.

4PriceStats has already begun collaborating with other statistical agencies about howtionafize web
scraping in CPI programg.RU H[DPSOH WKH FRPSDQ\ KDV VKD gauggaldthbrwW D ZLWK WKH ¢
(smaller) agencies during 2020; thedgohave a longstanding contract with Statistics New Zealand.
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behaviors.A big opportunity exists foBLS to realize that it can sample the same retailers it
does today but using a new technology

While collection and processing aahsaction data can be difficult for a statistical
agency to perform internally, a staff with the appropriate skills could soon bearegling much
more easilyTheywould have to replicate what firms like PriceStats doing Ideally, to
become viable for production usevhich includes the negd maintain public confidence in the
data and to tailor the program specifically to CPI specificaidhss capacity would be
developed irhouse at BLSDuring the research phase, however, while internal expartiseb
scraping methods still being developed, BL&ll likely need tocontract withoutside experts
Likewise, ths research will benefit from interaction with other NSOs @@ surement
economists working outside of statistical offices.

For construction of elementary indexes, item categories of thesa@ped price data
also must be mapped to the item strata as defined by statistical agencies. This mapping needs to
be automted in the production proce3s task at which supervisesachinelearningmethods
excel? andextensive data cleaning and maintenance will be needed to keep up with changing
websites. Some of thzan bedone with algorithms that flag irregularitigsit corsiderable
human effort is also required at various stages of production.

Research will be needed to tés¢ performance aveb-scrapediata, particularijhow
closelyonline pricing tracks instore pricing.The testing will need to be sensitive to website
content that is IBpecific (e.g., price displays may be different for frequent website visitors than
for first-time users)lt should be fairly straightforward to periodically check to see how closely a
firPTV RQOLQH SU LtV piicesih@leviatdlivtdtian@egarding comparisons of
the similarity of online and brickndmortar retailer prices is that it requires the presence of both
for each firm. However, this point might be deemphasizedgextent that online pricetould
be different from irperson prices due to the costs of delivery (less the costs of making a sale).
Both online and irperson purchases are relevant in constructing a CPI, but it would be
impractical to devote scarce agg resources to estimating a comprehensive tabulation of all
household purchaseSome retail chainsavebothonlineandin-store salesandcomparisons
can be made to test the nature of any systematicgiffeeences.

Longer-Term Data Visions

For the foreseeable future, representative surveys will continue to play an important role
in federal statisticdt is importantto also think about whahe consumer econonand in turn,
the perfect data for tracking will look like in 10 or 20 years In the notso-distant future, most
transactions in the economy will be electronic and will produce a trail of data useful for
measuring prices and quantities of goods and sertitc&hina, for example, virtually all
transactions are already elextic, and this vision is quickly becoming a reality.

Beyond the more obvious transactions data sourcesig@eeer payment platforms (like
Venmo and PayPal) are creating additional opportunities for tracking consumer spending, but
they come with majochallenges with access and privacy issues. Tracking electronic payment
data could be especially helptolidentify price trends in new or changing services, as occurred
with the rise of the ridshare sector dominated by Uber and Lyft. For example, consumer
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expenditure survey limits respondents to categorizing these intracity transportation services
undertheeWD[L IDUH” FDWHJRU\ 7KH WUDQVDFWLRQ GDWD ZRXOC(
changing categories and perhaps speed up adoption of new or adjusted categories. Market

research companies also construct consumer panels to collect timely data on spewdsughO

company, Traglinem, conducts 150,000 interviews per quarter and sdpaseing data within

a month of the end of the quarter, along with weights to balance the responses.

Merchant data should also continue to be investigated for use in pasti@ament.
Online transactionsollectedby the software compardobe(Lasiy, White,andPandya, 2020)
have been used to produce timely estimates of spending and quantities purchased of certain
goods. Launched in 2016e F R P S DO)difaMPrice IndexDPI) initially covered a narrow
range of goods and services, but now includes product categories including nonprescription
medicines, consumer electronics, food, airfares, and furniture. The data behindAtbe
sourced through Adobe Experience Clowgbresents 80 percent of all online transactions from
the top 100 U.S. retailers, including aggregated, anonymous data from 15 billion website visits
and 2.2 million products sold onlinéoolsbee and Klenow (2018fcessedata for millions of
transactions from Adobe Analyti¢a service provider to many of the leading online retaiters)
compardnflation rates for online sales with those estimated from traditimaathed model
CPltype indexes. They found online inflation to be lower byualigpercentage point for the
period 20142017. And, becausehe authors had accessqantity datathey were able to
examine the importance eéveralssues raised in i reprt. For exampleusing the high
frequency datahey were able tairectly testfor chain driftand to assess the magnitudehf
new good problem(50 percentof online purchases wefeund to beof goods that did not exist
in the data in the previous ygar

Thegreatesflexibility in producing a wide range of price indexepassible when
transactiorlevel data for both prices and quantiteesavailable in real time for the universe of
goods with product identifiers, information on the outeiricharacteristics ohie commodity
(good or service)The quantitypiece is the mostifficult to obtainbut2 as has been
demonstrated in the COVHD9 economy, where baskets have changed extremely r&pidiy
incredibly important information to have in a timely manAarread/ the CPIfor this future
dataenvironmentmodernization will need to focus on integrating multiple (pubtioimercial
survey/norsurvey) data sources. The abilityintegrateelectronic transactiordata? ideally,
data that arénked tohouseholds making purchagesepresents thigleal scenaridor price
measurement.
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APPENDIX 2A: MULTILATERAL METHODS FOR PRICE MEASUREMENT

Scanner Data

Prices and quantities from scanner datasets provide an opportunity to construct timely
price indexes using superlative index formulas such as Fisher or Térnqvistd#tésets also
have information on characteristics (attributes) of the product, then these indexes can be
improved to better account for quality change with hedonic techniques to impute prices at entry
to and exit from the market.
Chained versions of supative price indexe3 the recommended approach in case of
high product chur@ can suffer from chain drift, for example when conswssérck up goods
that are on saléseg for example Feenstra and Shapj@003 Ivancic, 2007). Chain drift occurs
when the tend of the perio@n-period chained version of a price index differs in a systematic
fashion from that of thbilateral version of the index that compares directly the prices of two
periods! These differences are problematic, because idealyvould like to make comparisons
that are transitive, or independent of the order in which periods are comMuiézla fixed
weight index, such as the GBI is transitive, it suffers from substitutitaasthat can be
avoided with a superlative indeMultilateral index number methods, which were originally
developed for spatial price comparisons, have been adapted to deal with the chain drift problem.
7TKHVH PHWKRGY KDYH HPHUJHG DV (EHVW SUDFWLFHV™ WR H|
In contiast to bilateral index methotisatcompare prices across two time periods,
multilateral index methods make price comparisons across three or more time (i&nesisa,
2016) Specifically, nultilateral index methodsse allbilateralproductmatchea acros all
periods weighedby their markeimportance (expenditure share). tigly, the calculation
assignexpenditure weightis a way thatutomatically gives greater importance to price
changes of products with largsailes Multilateral price indexes are transitive, or path
independent, implying that the chained versions of the indexes are equal to the direct, bilateral
indexesThus,theyare free from chain drift by constructién.

GEKS

The GEKSindex offersa method ta@reatetransitivity in a set of bilateral indexes, for
example based on the Fisher formt@uppose the whole estimation window consist$ of1

1De Haan (2008, p. 15) showed that when the price of a detergent product went on saleihghands at
approximately ondnalf of the regular price, the volume sold shot up approximately Ed@@0van Kints, de Haan
and Webster (2019) and de Haan and van der Grient (2011) explored the magnitude of volume fluctuations due to
promotional salewhich led lvancic, Diewert, and Fox (2011) to propose the use of multilateral indexes with a
rolling estimation window to mitigate the chain drift problem.

2Chapter 10 in the recently updat&dnsumer Price Index Manuf@hternational Monetary Fund, 2020)
provides a full description.

S7TKH DFURQ\P *(.6 LV EDVHG RQ W K HGhK(LEQ1p HEtety aflIKiVes LI Qanti QW RUV -~
Szulc (1964).

“Thereare other transitive multilateral index methods available, such as the weighted Time Product Dummy
and GeanjKhamis. The GEKS method, when used with Fisher or Tornqvist bilateral indexes, is more flexible than
the weighted Time Product Dummy or Ge#&ilyams methods, because it is based on superlative bilateral price
indexes, and can deal with different degrees of product substitution.
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time periodst o,...T. So, there ard 1 possible base periodisor (direct) bilateral price

comparisons across the window. In the bilateral price index (which uses both the current and
base period quantities for weighting) going from pehdd periodt is denoted byP*"; note that

b can be geater thart. Assuming the bilateral index satisfies the time reversal test, i.e.

P> 1/ P® °theprice change between period 0, the index reference period (where the
index=1), and the comparison periog 1,....,T) can be measured by

po®  pety po o pe oy PRt for eachb. If all base periodb are deemed equally valid, then

taking the geometric mean ¢f*® across all possible seems a reasonable thing to do. This
leads to the GEKS price index

T T T
_PO[(b)JJ(Tl) —E_l.pot/pjo%l(/zl) _ Fpqu*’tl/g&_

b0 b0 b 0

PO’(

GEKS

Notice that the GEKS index between period 0 and the last pEigodased on all the possible
bilateral price indexes in the intervening periods. Hence, GEKS makes use of all the matches in
the dataset.

For scanner data from supermarkets, the bilateral indexes in GEKS are typically matched
model (maximunoverlap) superlative price indexes. Ivancic, Diewand Fox (2011) used
matcheemodel Fisher price indexes as elements in GEKS. De Haan and van der Grient (2011)
used matchedhodel Térnqvist price indexes instead. The Australian Bureau of Statisti&) (201
and the statistical agencies of Norway and Belgium have implemented matodetdGEKS
Torngvist for the treatment of scanner data from supermarkets. The geometric form of the
Tornqvist facilitates decomposition analyses, such as the decompositicangeshn the
GEKS(Tornqvist) index into the contributions of the various products (Webster and T-arnow
Mordi, 2019).

GEKS and Hedonic Imputations

When producthurnis high, imputed versions of price indexes are recommended to deal
ZLWK WKH 3PLVVLQJ SULFHV"™ RI XQPDWFKHG QHZ DQG GLVDS:
WR LPSXWH WKH  #RichvarelsQrdeyedhy DieWert (2021@ne method would be to
use inflatioradjustedprices(carried forward or carried backwaraés suggested by Diewert,

Fox, and Schreyer (2017). This method is similar to traditional imputation methods that do not
use any information on product characteristics.

When quality changdue to technological improvement is important, it would be
preferable to apply hedonic imputations@estimate reservation pricdgbilateral hedonic
imputation price indexes are used in a GEKS context (rather than bilateral matoctiedprice
indexes), the resulting GEKS indexes will be explicitly adjusted for quality changes. De Haan
and Krsinich (20122014) proposed using bilateral weighted Time Dummy Hedonic (TDH)
regressions, which are estimated on the pooled data of the two periods congrazadh(fof the
bilateral comparisons). They showed that a specific set of expenslitare weights in the

5The timereversal test is satisfied, for example, by the superlative Fisher and Tornqvist indexes.
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hedonic regression produces a bilateral TDH index that equals a bilateral hedonic imputation
Tornqvist price index. Using these weighted bilateraHTibdexes as inputs in GEKS thus gives
rise to a hedonic imputation GEKI®rngvist index. Statistics New Zealand implemented this
method for scanner data on consumer electronics goods purchased from market research
company GfK.

The choice of method, and efer to impute the missing prices, can be numerically
important.Figure 2A1 showsthe performance of thrabfferent price indexekr televisions?
the chained matchemiodel Torngvist index, the matchetbdel GEKSTOrnqvist index, and the
Imputation GEKST6rnqvist index proposed by de Haan and Krsinich (28atimated from
scanner data provided by a large Dutch retailer. The analysis clearly demonstrates that the
hedonic imputations had a significant impastdiscusseldy de Haan and Daaans (2019). In
short, the chaineddfngvist index suffers from chain drift that pulls it down. The index with
imputations lies well above théingvist index without imputation. While this result may come
as a surprise to those accustomed to hedgpieadjustments leadinp more rapid price
declines, de Haan and DaalmmaBURYLGH D UHDG\ HISODQDWLRQ LQ WHUPYV

strategies.
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FIGURE 2A-1 Priceindexes for televisions utilizing different methods
SOURCE:de Haan and Daalmaiiz019)

Revisions

When the sample period is extended and new data becomes available, previously
estimated multilateral indexes will change (though often slightly), which is problematic because
the headline CPI cannot be continuously revised. Various agipes have been proposed to
extend a multilateral time series without revising the published price index numbers. Rolling
window methods are the most popubthese
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Rolling window methods estimate multilateral price indexes on a wirtddwed length
that is shifted forward each month (or quarter). The results of the latest window are then spliced
onto the existing time series. For example, the most recently estimatedanentinth GEKS
index movement can be spliced onto the index level of the preguarger.There are several
splice methods availahlevith themean splicerariant perhaps the most peefed(Diewert and
Fox, 2020) As its name suggestfig mean splicenethodtakes the mean of the indexes that
result from using all the possible spligeriods hence it is independent of the choice of splice or
link period. For supermarket scanner data, the Australian Bure&tatisticimplemented
rolling window matchednodel GEKSTo6rngvist with a mean splice (ABS, 2017).

Implementation Issues

Aggregation Level

Like bilateral methods, multilateral methods can be implemented at different levels of
product aggregation. The additive Ge#&thamis and approximatelyeightedtime product
dummy(TPD) methods should only be applied at detailed aggregation levels where substitution
possibilities are highthat is,for relatively homogeneous product categories consisting of
products with similaattributes. Lowlevel GearyKhamis or TPD indexes should preferably be
aggregated up using Fisher or Torngvist weighting to account for-lgpdrsubstitution.

The more flexible GEKS method can be applied either directly at the upper level or at
lower levels (combined with Fisher or Térnqvist upferel weighting). The choice could also
depend on practical issue$or example, if there ia lack of meta data to classify products into
more or less homogeneous clusters. When supplemented withdedpuatations, it seems
natural to apply GEKS at the same level as where the hedonic models are estimated.

Defining the Product

An important aspect in the construction of price indexes is the choice of product
identifier. Individual goods in scanner data are typically identified by barcode. Some products
with different barcodes, however, are similar fromabasumers$point of viev. Also, barcodes
often change if unimportant characteristics change, such as type of packagirgcaseh
matching at the barcode level would overstate product chdditionally,price changes due to
re-launches of comparable products with differeatcodes will not be observed (Dalén, 2017).
Such disguised price changes are often upwawhich casemissing them produces downward
bias in the index. This is true for both bilateral and multilateral index number methods.

Statistical agencies sometimeeceive Stock Keeping Units (SKUs) from the data
providersthatallow them to calculate unit value prices across SKUs rather than individual
barcodes. This mitigates the above issues. In some instances, evem&Khe too detailed so
that matchedanodelmethods, including GEKS, can yield biased results. Product descriptions in
the scanner datasets could potentially be used to identify goods bylass/ing important
categorical attributes. Statistics Netherlands follows this approach when brofagilygde
products in scanner datasets for a number of product categories where a multilateral method
(GearyKhamis) is used, such aslirts and other apparel items (Chessa, 2016).
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Similarity Linking

While multilateral methods have emerged as best pradiicdhe treatment of scanner
data, they have two potential drawbacks. First, multilateral methods do not satisfy the
multiperiod identity test: when prices return to their initial level, multilateral price indexes,
including GEKS, are not necessarily ajito 1. At least from a theoretical perspective, violation
of the identity test is problematic. Second, the transitivity property is no longer satisfied when a
rolling window extension approach is uséht is, rolling window GEKS (or other multilateral)
LQGH[HY DUH QRW QHFHVVDULO\ IUHH IURP 2OLQN GULIW
To deal with these two drawbacks, Diewert (2021c) proposed using similarity linking.
Thesetof prices in the current (most recent period) is compared witbettod prices in each of
the previous pers. Using some measure of relative price (dis)similarity, the prior period with
the most similar prices is selected. Then, a bilateral superlative price index going from this
period to the current period is constructed and linkedrtspliced onto, thenidex value in the
selected period.d extend the time seriefis methodksimply enlarges the window by adding
new data the FRPSUHKHQVLYH ZLQGRZ DSSURDFK™ PHQWLRQHG HD
approach.
Similarity linking can be seen as alternative to rolling window GEKEisher or
GEKS Tornqgvist with better axiomatic properties. Also, because the time series is extended
without a rolling window approach, link drift cannot ocdDitferent choices of (dis)similarity
measure are possibleidwert (2021c) advocated a predicted share method for price similarity
OLQNLQJ 7KLV PHWKRG WDNHV LQWR DFFRXQW WKH PDWFKH:
comparisons with few matched products, which are likely to be unreliable, will have a small
weight. The predicted share similarity linking method thus seems useful when there is a high
degree of product turnover. It is also promising for the treatment of strongly seasonal ggods, i.e.
products that are only available in particular months of/éa, such as fresh fruit and
vegetablesDiewert, Finke] and Sayag (2021) applied this method using data from Israel for
fresh fruits and compared the resulting indexes with a wide variety of alternative indexes.
Diewert (2021c) showed how similarity kimg can be applied when only price
information is available, including wedrraped data, as an alternative to rolling window TPD.
For the Israeli seasonal data, Diewert, Finked Sayag (2021) compared the modified (for
price data only) predicted sharelexes to the multilateral TPD and GEK&vons indexes. The
seasonal fluctuations in the similarity linked indexes were far smaller than the fluctuations in the
two alternative indexes.
So far, no national statistical agency has implemented similariiydjnn the CPI, with
the exceptionof Statistics Canada in a specidipplication® More research is needed to examine
how these methods, and in particular the preferred predicted share mathopeiform on large

bStatistics Canada jplemented the predicted share method of linking its Adjusted Consumer Price Index for
WKH FXUUHQW PRQWK WR D S HridYeéloR R021p. Rie Wdiistad LAl 2 iRiQdpdeDad an
analytical series in an attempt to deal with rapidly changiogthly expenditure shares (at the upper level) induced
by theCOVID-19 pandemic.
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scanner data or wedrraped datasets. It would also be interesting to explore how hedonic
imputations can be incorporatddekplicit quality adjustment is deemed necessary.

APPENDIX 2B: RESEARCH ON EFFORTS TO PERFORM QUALITY ADJUSTMENT
AT SCALE

Prices for goods in an elementary index can rise whiees of identical goods change
(pure price changer whengoods improveduality changeand higher prices reflect that higher
quality. In a COLI context, the quality changeallenge is to identify quality changes in ortter
construct a price index that only tracks pure price cratigg affect welfare anabt quality
changs.

Some of the recent methodologiealvances in adjusting for quality charige
academics have taken a demdmaded approach, making explicit assumptions about the nature
of the underlying utility function. In some cases, that approach requires estiotgity
parameters for the index construction. For example, Feenstra (1994), and more recently Redding
and Weinsteirf2020) assume &onstant Elasticity of Substitutid€ES utility specification to
construct the implied price indexéé. recent application of the Reddiagyeinstein approach
found implausible results, suggesting that this approach remains a work in progress. Overall,
these demantlased methods are not usedshgtistical agencies because a price index that is
heavily dependent on the assumption that consumers choose expsmalitnaximize a CES
utility function would not be reliable enough for official purposes.

At the same time, another strand of likerature is based on econometrics rather than a
demand model and data on expenditure shares. In this literature the hedonic coefficients are not
tied to any underlyingonsumer preferences and do not necessarily have an intuitive
interpretation Insteadthe hedonic regression is viewed as a reduced form whose coefficients
reflect changes in both demaraihd supplyside factors (Pakes, 2003). Under this view, the
primary purpose of a hedonic regression is to predict prices, in which case choices about the
specification are all about the predictive power of the regression, not the sign and magnitude of
the coefficients.

7KLV DSSURDFK LV UHODWHG WR WKH SLPSXWDWLRQ PHW
The chapter ohedonisin Berndtf 4991)economeics textbookshows howhedonic
regressionsan beused to predict prices missing in the period before entry or after exit to allow
the inclusion of those prices in the index. Recently, these imputation indexes and how they
compare to other approaches hheen studied, particularly in the context of scanner digta (
Haanand Krsinich 2012,2014 Silver, 2010) and have been empirically implemented in other
SELJ GDWD"™ FRQWH[WV VHH20ER EhrithRra52021). % DMDUL HW DO

’As the name implies, with CES, the ratio between proportional changes in relative prices and proportional
changes in relative quantities is always the sdrhe theoreticahppeal othe Reddingteinstein method has been
debated becauskviolates many of the basic axioms for price indexes by allowing changes in tastes to affect the
price index in the same way as price changes.) Moreover, Diewert and Fegdklyafguel that the infinitely
high implicit demand reservatigorices” of the CES model can result in overadjustment for new and disappearing
varieties.
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Recent innovations to these imputation methods have cente(éy lrandling
unobserved characteristics, g9 improving methods to estimate hedonic equations at scale.
Erickson andPakes (201) developed a method that allofes accouning for changesn
unobserved characteristics. Ehrlehd colleagueg021) folded this method into their strategy
for constructing price indexes with scanner data.

The other direction taken in recent work has been in leveragingutiéwaial intelligence
(Al) teciques to develop improved methods that yield more precise predictions from hedonic
regressions. Bajaand colleaguef021)conductedhe seminal workn this arealn the context
of superlative index formulas, they show that it is possible to appdg thew approaches to
obtain reasonable measures of price change at scale. That is, their methods lend themselves to
automation and, in principle, do not require the human intervention of the traditional methods.
Ehrlich et & (2021) and Zeng (2021) coitaecent implementations of these novel mettods.

A very recent paper (Ehrlich et a202] attempsto implement both demarshsed and
reducedform approaches to scanner data. ab#horsappliedanapproach that Redding and
Weinstein applied to several classes of IT goods and found that the approach yielded implausible
results. They applied a secongagech that combined theachine learningstimation methods
introduced by Bajari et a{2015)with econometric methods that allow for unobservable
characteristics based on Erickson and Pak@%1{. Empirical works liketheseprovide much
needed perspéee on the relative merits of these new contributions.

8The ability of the method to measure quality improvements at the time of entry of new varieties is an open
guestion.

SAnother promising feature of some of these Al methods is that they do not require structured variable with
which to represent charadtgics. Instead, they can use unstructured text in product descriptions, Al representations
of pictures of the products.
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3
Higher-Level Aggregationand
Shifting Consumer Behavior

3.1. MOTIVATION FOR DATA MODERNIZATION

,Q WRGD\YV IDVW SDFHG HFRQRP\ VWDWLVWLFDO DJHQFI
published data relevant by reflecting rapidhanging conditionsTimely datahave increasingly
becomea basic expectation, and COMWI® has reinforced the need for-tgpdate statisticdn
the context of measuring changesfiRQV XPH UV { F R pride\indemasLivackQ@he
goods and services that people actually buy and account for the relativetarspent othem
In other words, the expenditure weights used in a price index should rem@sentreality as
much as possibléor long periods, expenditure patterns may be reasonably.dtablever,the
recent pandemic and recovery madeithgortance of updating the weighdsring
unpredictable, turbulent timgainfully apparent andhowed thatailure tokeep the weights up
to datecan lead to lost credibility if households are not able to recognize the market basket.
timeliness of th&€onsumer Price IndeXJPI) weights must be improved.
A primarymethod used bgnost VWDWLVWLFDO RIILFHVY WR GHWHUPLQH
asking thendirectly about their consumption of goods and seniicéise form ofa household
survey! In theUnited Stateshe Bureau of Labor Statistics (BLS) carries thig process using
the Consumer Expenditure Surv&H), which has for decades been the noamshprehensive
VRXUFH RI GDWD RQ KRXVHKR OTWYJE is Qiedrtd ebtdbi3iGthel fetativ® G L W X U
importance of 23 expenditure itemsor item strat§241 commodities and services plus 2
housing strata) famo higherlevel indexesthe Consumer Price Index for All Urban Consumers
(CPI-U) and the Consumer Price Index for Urban Wage Earners and Clerical Workei/)€PI

IAs discussed below, Statistical Offices in many countries use national accounts data to @stierétee!
CPI weights, and data from household expenditure surveys to derive the more detailed(ieightat, 2018)

2NASEM (2013),Measuring What We Spend: Toward a New Consumer Expenditure Snckeyes a
detailed description of all of the wsef theCE in administeringederalprograms.

3As discussed iBection3.3.3, the relevance of the CRI has diminished markedly in recent decades as the
SRUWLRQ RI WKH HFRQRP\TV ZRUNHUYVY HPSOR\HG LQ RFFXSDWLRQV FRYHL
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Additionally, CE weights are used in an experimental price index published by BLS covering
urban consumers aged 62 ader (the CRE)*

Onechallengewith the currentapproacHor updatingweighsis that household
expenditure surveys are burdensome to respondents and costly to admhisteplaces
practical limitson howlarge the sample size cand®d how oftent can be conductedhe
limited sample sizeneans thatore than one year of dataust be pooled to creaémough
observationso estimate weights, especiafty subnational (e.g., regional, population subgroup)
indexes Furthermore, processing the raw survey data and developinigeneweights is time
consumingwhich means thahe weights used for a particular yaae based on expenditure
patterns fronearlie periods and available only with a significant laigor example, the CPI
ZHLJKWV RU 3PDUNHW EDYV NrebAsed bRtUEE exp@n@it@re patterhs for
2017 and 2018Similarly, the new CPI weights in 2022 will be based on expenditure patter
from 2019 and 202 s a result, theCPl weightdend tobe outdated imepresenhg consumer
purchasesaking placan a givenperiod for example, it is known that consumption behavior in
2020 changed sharply due to COVID and so weights derived froaB0192020may not reflect
what is going on in the market in subsequent periods

Additionally, infrequent updating of the market basttelaysbringing new goodgéwhich
often display distinctive pricdynamic$ into the CPlor moving obsoletgoodsout of the index
While thecomposition of what consumers buycenstantlyevolving the shifts wereespecially
dramaticduring the pandemig to the extent thatluringthe US. lockdownsof 202Q therewas

D VXEVWDQWLDO 3GLVD S SrHsbrueLe@pén8iture GadeFoiEBheSOKR EOH P~
noteworthydeclinesin spendingvere in thecategories ofravel/transportation, food away from
home, andecreation services (which includes admissions to movieg#tigaorts, gambling,

and package tours among other things)clothing worn outside the honfseeFigure 3-1)
(Cavallo, 2020Diewert and Fox, 202®Reinsdorf, 2020)Moving in the opposite direction,
demand forfood at home anohformation processing equipmesurged These abrupt changes in
spendingpatterndllustrate the need to keep the QRIsketup to dateSuch episodes can cause
sudden obsolescenceit#fm weights, or even thHeaskeitself, and callinto question the

acairacy andelevance of price indexes

“The CPIE is discussed in greater detail in Chapter 5, on population subgroup price indexes.
SDiewert and Fox (203 and Cavallo (2020) both documedthe problems that arose during the pandemic,
includinggoods and services l@oingunavailablefor themeasurement of price inflation
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FIGURE 3-1 Consumer expenditure shifts during tb@®VID-19 economy
SOURCE:Panelgenerated, usinBEA data

The recommendations in this chapter focush@meed to improvéhetimelinessand
accuracyof data orspending patterrsnd to identify itemsvheresurveybased estimates of
consumer expenditurese weak Despite improvements in recent decatlesy., merging the
CEwith the Point of Purchase Survey (indicating where households poacleases), a modestly
streamlined questionnaire, and an increased survey samplete€E-based method of
establishing expenditure weightmmaingproblematic. The survey generates high respondent
burdenandhas experienced declining response rates.

Thespecific problemslescribed in tis chapterare (1) the need to improve the
timeliness of uppelevel weightswhich, on averagdag 36 months behind actual expenditures
in a given period(2) the needo improve the accuracy of weights applied teafic items for
which CE does a poor jobstimating and for which alternative data coudd ketter, and Q)
generalconcerns about the sustainability of D givenconcerns abouespondent burdesnd
falling response rate¥he panel is optimistic that problem (2) can be successfully addressed
with alternative dataAlthoughproblems(1) and (3) are more complicatedternative data may
also allow BLS to shorten theE survey(which couldhelp withrespondent burdesind respnse
rate issuesand create other opportunitiesstworten the lag between the survey and its
incorporation in the CPI.

3.2.APPROACHES TO ESTIMATING CPI WEIGHTS AND MARKET BASKET
COMPOSITION

3.2.1.Current BLS Methods

SUnderreporting of expenditures is especially a problem in the diary survey compoaSEM (2013),
which focused on cognitive and motivational issues in the Diary and Interview sutgeysjenédsurvey method
problems angrovided guidance for turning around the deterioration.
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In theUnited Statesweightsfor the 213 componentells that aggregate up to the overall
CPIUHIOHFW GDWD FROOHFWHG DERXW FRaMXdvdIthdtilsVSHQGLQ
centeredwo years back at the time of their introductiéior exampleBLS updated expenttire
weights for the CRU in January 202@sing data collected in ti@E during the period 201¥
2018! The weights used for 2020 and 2021 contihigeuse an average of expenditure shares
from this two-year period

A major reason for% /6 1V S U Dpbahhig l&ta Rarosayears is so that sample sizes
are large enough to produce accurate weights at the needed item and geograplbicdetasl.

To calculate the 20122018 weights for the urban population, BLS used approximaigd00
weekly diaries and4000 quarterly interviewddowever, br 202Q BLS reports that response
rates for the Diary part of tHeE survey dropped to as low a8.3 percenafter March and
Interview response rate droppedaround 40 percent in July 2020, roughlypEscentag@oints
lower than April2019 leveldhttps://www.bls.gov/cpi/questiorandanswers.ht Past
commatershave argued thanincreasen the CE sample sizés neededespecially for

purposes oéstimating subgroup aradhersubnational indexeésCombining CE records with
government administrative data sources (&gm the Social Security Administration and the
Internal Revenue Servider incomg and using household consumption data from the national
accounts could also reduce the amount armftion requested of respondents.

CPI staff also receive data from tG& program quarterly, which enables the quarterly
publication of the final Chained Consumer Price IndexCf-U) indexes. The €PIU, first
publishedn 2002 is a supplemental mea® thatlargely solves the weight timeliness issue, but
with thetradeoffof a long revision cycldn particular, he GCPFU better accounts for cost-
living changes faced by consumers in a world where buying patterns respond to changes in
relative prices. It offers a measure of changes in cost of living characterized by reduced
substitution bias relative to the Lmeyres formula used in the headline CPI.

Crucially, weights used in the-CPIU can bealigned with actual expenditures as
opposed to tweyear average weights being introduced with a long lag in theJCRhd are
therefore considerably mooeincident vith the prices of items in the indéxan those used in

The relative importance of a component is its expenditure or vadight expressed as a percentage of all
items within an area or an area within the UF®r a detailed description of how base period weights are established
and brought forward using the Lowe index formula, see the relevant péress©P| Handbook d¥lethods
available gtvww.bls.gov/opub/hom/cpi/calculation.hfriSee also,Chapter 5 inCarroll, Crossleyand Sabelhaus

2019, andbackground from BLS Hittps://www.bls.gov/covid19/effecisf-covid-19-pandemieon-consumer

8Triplett (1997, p. 15)for examplewrote

... The CE] sample size (5,000 consumer unitsgestainty too small for almost any use for which one wants
consumption data. . . . The recently announced increase from 5,000 toGEp@0risumer units is a positive, but
grossly insufficient, step. .. . ThEE@ LV WKH IHGHUDO J R MtrpoQePstr@nbofsonBu@&@\ JHQHUD
expenditure. . . . For comparison, the Canadian consumer expenditure survey will soon have a sample size of 36,000.
..TheCE@ TV VPDOO VDPSOH VL]H DQG ODFN RI D EHQFKPDUNLQJ VWDWLVWIL
components (e.g., household textiles) particularly are not as reliable as one would want for serious research on
consumption.

NRC (2002 p. 260, while concluding that research at the time was too incomplete to propose solid
recommendations aboGE sample sizeofferedanalysis of the impadhat hanging the survey sample size would
have on the accuracy of expenditure weights and, in turn, the relationship between weight accuracy and index
variance!
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the CP#U. A preliminary version of the €€PIU usesa constant expenditure shares formula.
Thefinal chained CPI uses a Tornqvist formula, whadtounts for consumer substitution asd
the superior index for most applications where index revisions are acceptablEdiiggist
formula is applied and the index is revisgtermonthly weights become availabkor example,
the March 2021 weightsereincorporated in the final March 2@ GCPI-U (released in
February 202p

Differences between the CRIand the G@CPIU revealhow the age of the weights can
affectindexestimatesBecause it captures effeetssociated witlkonsumer substitutions, the C
CPI-U has typically increased atslower rate than the GPI (or CPFW).2° Differences in the
two series startedutfairly large during the initial period after the@PIU was introduced and
then stabilized at more moderate lesvédh 2001 (the first year d8-CPFU calculation) the gap
in the 12month percentage changetween the €CPIU and the CRU wasabout0.5while, in
subsequent periodis,wasmore typically in the @5 .35 ranget! In contrast to the €PI-U,
which approximates a superlative index after final revision, a fundamental issue is that the
CPI-U is not revisable and so the lagged weights fromCBeannot be updated to reflect
current or recent spending pattetfis.

In researching option®f improvingtimeliness intheupdating ofweights to its flagship
CPLU, BLS has used historic@lE data to illustrate how the average weights would have looked
under different scenarios for estimating expenditure category weldtgalternatives involve
either compressg the period from whiclCE data are drawfor a weight updateredudng the
lag between data collection amtegration into the CRbr a combination of the two.
Implementing weights based on eithémna-year rolling averager onannual estimatefsom
expenditure data are both being considered with the latter appearing to be the fro ilicker
2021) Figure 32 depicts BLSimulaion ofthe annualized percent changes over the péraoa
December 2001 to December 202@nnualCE datahadbeen used in the CPIt is important to
note that aneyear lag for introducing new expenditure weight estimates into thés@iet
currently feasible due to data collection and processing timelines. Langing years is
feasible, andBLS research findathreetenthRI D SHUFHQWDJH SRLQN LPSURYHI
current methods.

°This weighted geomeirimean indeks used to combine individual prices into elementary aggrefmtes
narrow product groups (i.ghe individual constituents of the basket). Highearel aggregation is done with a
Laspeyres formula (which uses a fixed basket from the refeariod for expenditure patterns). For a full
GHVFULSWLRQ RI %/ 6[fitths& KDL i &/cRiBigditv kdEsources/chainechi.htm In January
2015, BLS switched ta CES formula for the preliminary version of theC@I-U.

10BLS research (Kurzon, 2017¥oundthat the weights, rather than differences in the formula used, account for
most of the difference of the Chained CPI from the-OPI

Klick (2021) detaikedthe differences between the-frfbnth percent changes of the initialGPFU minus the
final C-CPIU from January 2001 to September 2020.

20ne reason why the indéxnotrevised is its widespread use in escalation of payments
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FIGURE 3-2 Theimpact of reducing thiag between expenditure and index reference periods
SOURCEKIick (2021)

The main takeawalyU R P % rfe&&s§archs thatmoving fromthe current methodologto
a2-year lagn setting annual weightgould have reducethe measure cfubstitution biastfe
difference inthe 12-month percent change of CBIminus GCPI-U indexes)y 0.036
percenage pointper year Moving fromthe currenty usedmethodologyto a tyear lagwould
havereducel substitution bias by 0.06iercenage pointgfor 20172018 estimatgs® To take a
concrete example, calculating the index for Afiviy 2020would involve lags of:

X 28 yeasexpenditure weights for 2012018
X 2 years 2018

x 1year 2019

x 0 years 2020

x 0# month March-April 2020

Of course, th020 weights would not be possible to compile in real tandeven2019
weights would be challengirfgom a production standpoint

It is also worth noting that BLS experimentation with using one year of expenditure data
to estimate weights has been foadi®n the national urban population. It is not clear whether
one year of data would be sufficient for lowevel geographic or subgroup indexes (e.g.,-EPI
or the income group indexes discussed in Chapter 5); however, it would certainly be an option
to estimate the national total using one yea€C&fdata and then use two years of data to allocate
of distribute the national total to subgroups.

BThis sentencavas revised aftenstitutionalreport reviewto improveits accuracy.
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3.2.2.Methods Developed by Other National Statistics Offices and Academic Researchers

Many national statistical officdiNSOs)update the upperlevel CPlexpenditure
weights every yeawith a oneyear reference periddr use ina Laspeyres/Lowe index formula
Due to advantages in terms of timeliness and accuracy relative to housete\s sbie United
Kingdom Office of National Statistics (ONSpr exampleuses information on spending
patterns culled primarily from the household final consumption expenditure component of the
UK National Accountswhich largely is based on adminisivatand business data representing
the whole economy7 KHVH GDWD DUH XVHG IRU WKH DQQXDO XSGDWH
information is comprehensive and balanced against data collected in other sectors of the
economy to create the most accurate pictureFoR Q V X P H U "Misd¢E@IEQrdstat arem
(and ONS)usethe national accountapproachor the highetlevel weights, and consumer
expenditure surveys for the lowkavel weights within each highéevel aggregatéMany other
NSGs use asimilar methodology.

In a U.S. context, the analogous categoryadosehold final consumptida personal
consumption expenditures (PCE) estimated fontt@nal income and product accounts
(NIPAS) produced by the Bureau of Economic Analy3ise implied shares can differ
significantly from tte lagged sharesstimated fronCE data'® The example cited i€hapterl of
weights for airfares during the pandemic illustsatee impact of tese differencesividly; the
weight on air transportation in the CPI only declined from ardu@do 0.6 from February 2020
to April 2020, whereas, in the PCE, the share dropped B&o below0.1, much more
accurately reflecting changed consumption pattdungg he lockdownsCE and PCE
discrepancies do not just emerge during extraordinary times; in 1995, the @EdacPCE
expenditure shares on alcoholic beverages was a dismgNR®} 2002)!¢ Furthermore, there
is considerable evidence that the discrepancies betweé@tkthied PCE have been getting larger
over time. Passero, Garner, and McCully (2015) found that among items that are totally
comparable in definition and coverage betweerCBand PCE, the ratio d€E expenditures to
PCE expenditures declined from 84 percent in 1992 to 74 percent in 2010. This decline could
indicate worseningnderreporting of expenditures B respondents.

Eurostat guidelines also recommend putting in plaoegqulures tpromptly bring
important new goods into the index. Extending this concept to the current situation, Eurostat
(2020) has advised national statistical agencies to adjust their methodology for producing
weights for Harmonized Indices of ConsurReicesso that they better reflect the impact of

https://www.ons.gov.uk/economy/inflationandpricéges/articles/consumerpriceinflationupdatingweightis/2
[017]

For an assessment of the differences between expenditure data in the National Accounts and Consumer
Expenditure Survey data, see John&i17).Earlier, Blair (205) constructed a PCB/eighted Consumer Price
Index.

8As noted below, this observation should be tempered by the fact that the PCE basket has broader coverage of
the economy (e.g., it includes business and government spending) than the CPI market lihskegigbt of any
single item is usually lower in PCE.

3-7

Copyright National Academy of Sciences. All rights reserved.



Modernizing the Consumer Price Index for the 21st Century

Prepublication Copy 3 Uncorrected Proofs

COVID-19. They are recommending a variety of source data, including national accounts, to
estimate expenditure sharés.

Although somewhat different than their consumer survey counterp&isdata
underlyng the national accounts also come witlallenges in terms of their applicability to
estimating CPI weightd?CE and CPI item categories are not all comparably defdwinajor
categoryin particular? medical caré raises special challenges. Faredical cargthe PCE
covers a wider scope of goods and services than do€&to®I1. PCE coverage includes
governmenfunded carerovided through social insurantsuch as Medicare and Medicéid
andthe employeipaid portion of mdical insurancgin contrast th&€€E/CPI excludes these
categoriesBLS itself has published results of t6&/PCE Concordanciatcompares
comparability in detai?

Another challenge in using PCE weights for the CPI is that the procedure for obtaining
PCE weightsiecessitateallocatingoverallsales dat&or a particular commodit{o business,
government, o-F RQ V X P H U V.fThusS H&REE @ &n indirect measure, calculaiaty
with purchases made by naonsumer sectors. Triplett (1997. 16) noted that it is especially
difficult to calculate consumption shares at more refined item levels because sales to consumers
DUH QRW DOZD\V GLVWLQJXLVKDEOH IURP VDOHV WR EXVLQH
detail, the more likely thatthe@J FKDLQ RI FRPSXWDWLRQV QHFHVVDU\ WF
HVWLPDWH RI FRQVXPHU VSHQGLQJ ZLOO KDWHersOPtXODWLYH
seems implausible that estimates of busiaessgovernmenurchases of consumers goods
could ke off by enough taccount, on their own, fahelarge differencebetween NIPA an€E
weightsfor some expenditure categories

As alluded to above, a major advantage ofGEeveights is that they are derived directly
from a household survewhich allows household characteristics to be linked to expenditure
information. In turn, subpopulation indexes such as theEC&id CPIW can be calculated in a
way that reflects expendite patterns (although not necessarily prices paid) by those groups.
national accountbasedapproacho estimating weightis thereforean optionfor statistical
offices for wiom producingsubpopulation CPIs less of a priorityThe need for informain on
household/consumer unit characterispossents a significastumbling block to moving away
from theCE completely although, precisely because of this issue, some countries (e.g.,
Netherlands) have discontinued subgroup indéxEkis decision haallowedthesestatistical

"See the report appendixips://ec.europa.eu/eurostat/documents/10186/10693286/Guidaitioe- |
Icompilationof-HICP—Weightsin-caseof-largec1an egn-consumefexpenditures.pdif

lFh'[tps:/lwww.bls.clov/cex/cepceconc:orc ancejhtm

1%A main part of the problem is that the sales data used for P@Etdlwaysincludeproduct detail. For
example, gas station sales combine snacks and drinks, auto parts/fluids, and fuel. BEA has been addressing this
problem by supplementing sales daith scanner data providing product detail.

2ONationalaccounting data provide fairly accurate information on total government spending and business
expenses, which limits the scope for large errors to arise in total intermediate spending, though there may
offsetting errors in some detailed spending categories

2!And a Netherland4J.S. comparison of the need for subgroup data is not apples to apples; regional
information within Europe is still needed as each country produces its own price data in addition to the 19 EU
countrL HRdfmonized index. &t theUnited Statesneasures ofdusehold inequalitare likely to feature
prominently in the coming yeaseeChapters, which makes the case for population subgroup price injlexes
Householdevel informationis essential foproduéng nominal measures of income and consumption inégual
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officesto more easilyturn to other sources to estimate uplesel expenditure weights.
However, we note again that, even if BLS reduces its reliance @Bf& some CPI item
weights, it is still an importa source of information on regional and demographic household
expenditures.

NSOs are alsadvancing methods based on alternative, transaction data sources to
improvethetimeliness ofweight. Statistics Canada, for example, published a special edition
price indexbased on an alternative setweights reflecting spending patterns during the
pandemicAs part of the analytic exerciséetagency was able to use credit and debit card data
supplied by the Bank of Canadai®W R D F F R X Q W-reRtdd Egeiglituie BHiffS at more
GHWDLOHG OHYHOV RI JHRJ(SExtHCs CaQada,&0821 FoREXERMHIQ WV °
COVID-19, Statistics Canadeoncluded that expendituestimats from surveying consumers

XVLQJ WKH DJHQF\TV 6 XUY H wddsuffRientfyHra et @ &¢haiSaHv@itehli@ J
usinghousehold final consumption expenditu(els-CE) datdrom the national accountgas
warrantedThis approaclalso helped with timelinegsfor example, usig the HFCE data, the
weights used to estimate the June 2021 z#?E able to bbased orexpenditure patterrsr
2020 a much more recent period that was possible with the Survey of Household Spéhiding
specialanalyticalindex shows the benefits obltaboration and data sharing between
government agencies and other organizatioinsthis case, private data as one of the inputs in
estimating the CPI weights, and the use of a timely complementary indicator to provide data
users a more complete pictdte.

Other countries are pursuing similar strategpethose employed by Canades noted in
Chapter 2the Australian Bureau of Statistics (ABS) has been turning to a range of more timely
data sources such as retail trade and scanner data. For their pfd&flatnannualipdating, the
agency used these alternative data sourcespfmoximately 20 percent of the weight of the
CPI1.22 More broadly, evidence has been compiled for many more countries about the changes in
consumption patterns in response to COMM? see, for exampl&eiler(2020)for Switzerland
(based on transactions datapdersen et al. (2020) for Denmark, Bouniele{2020) for
FranceCarvalho et al. (2020) for SpaiandChronopoulos et al. (202®r the United
Kingdom %/6 LV FXUUHQWO\ HISORULQJ WKHVH NLQGV RI RSWLR(
indexes based on more timely data used for estimatingrHighved aggregatioBergqvist et al.,
2021)

Credit card and other payments records are also betegsetly academic researchers
to compilepriceindexes that reflect current spending pattekmgch of this workincluding the
references justited,has been driven by the need to quickly estimate hilgived aggregates
during the pandemic. Cavallo (2020), for exammekias his starting point the latest available
weights for the CPI and thexpdatel them using credit and debit card transawsi data collected

26HH 3&RQVXPHU H[SHQ G LMW:)Ab éxpo@tdrydn@ysitd? he'effects of changing
consumption patterns on consumer price indexes
{https://www150.staten.gc.ca/n1/pub/62f0014m/62f0014m2020@H0.htn) DQG 3$GMXVWLQJ WKH &RQV X
Index to thenew spending realities during the pandemic7KH 'DLO\ 2FW
|https://www150.statcan.gc.ca/nl/en/dailyquotidien/201008/dq20108@adi?st=FJEZmhAG
2Fh'[tps://www.rba.qov.au/pubtiactions/:smp/ZOZ1/feb/beaz&-consumptioma’tternsanotcon:sumeifpriceindex- |

[weights.htm]
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by the Opportunity Insights Track&r& D Y D O O R §1\8 p&rbél reweighting is only applied at
WKH KLJKHVW OHYHO RI DJJUHJDWLRQ DOWKRXJK KH GRHV V
three subcategoriésfood at homealcoholic keverages, and food away from hémie
disaggregations that the CPI publishes as a matter of codmseaparing the CP1 andOVID-
191adjusted CPI weights yields changes in the expected diredtoorexample, dod at home
revised up from 7.58 to 11.28angportation revised down from 15.74 to 6,25d food away
from home revised down from 6.19 to 3.13.

In the context of market disruptions during COVIDB, Reinsdorf (2020)ecommendd
data blending procedures for updgtCPI weights to ensure that thareless distorted by rapid
changes irexpenditure patterrexhibited by consumetsought on by extraordinary
circumstance® As illustrated in the Statistics Canada example abawe sach approackould
use credit card and other payments daf@aeduce a complementary index of skh@rnm price
change with weights reflecting spending patterns during the pandemic. More generally, such
timely data on spending would also be valuable for quickly detecting the appearance of
important new goods and tetgérmine weights for their prompt incorporation into the basket.

3.3. OPPORTUNITIES, CHALLENGES, AND RECOMMENDATIONS

Leveraging a wider variety afata sourcesontaining informatioron consumer
purchasesind changes in how these data are hseedthe potential toimprove thetimeliness
andaccuracyof upperlevel weight estimatessed to calculate the CHlhe inability of the
currentCE-baseddata infrastructure tdetectand incorporatshifting purchasingpatterns during
the COVID-19 pandemiaemonstrates wellhy timely weights are critical.

Recommendation 3.1 To improve the timeliness of the CPI and the accuracy with
which it captures changing buying patterns, BLS must (1) update-lgystmweights
which currently, on average, lag 36 months behind actual expenditures in a given
period? more frequently and radid and (2) improve the accuracy of weights applied to
specific itemghatthe Consumer Expenditure Surveygasures poorlgnd for which
alternative datare likely more accurate

Immediate steps thaain be taken to improve the accuracyhefweights usd in theCPlareto
incorporatealternative data to offséhe clearestveaknessesf the CE described abovand to

use tweyear rolling averages @E weights Indeed, mantatistical officesare already
aggressivelyntegrating nosurvey sources intdéir item weightingand have implemented

procedures that incorporate survey data more quickigrecommendations below argended

to help guide researdchatis FUXFLDO IRU %/6YV FDSDFLW\ WR PDLQWDLQ

2Ihttps://opportunityisights.orfy/

2Cavallo applied the same adjustment for food at home and alcoholic beveragedidasoh&ave separate
spending data on alcohol

26Consistent with normal procedures, weights for the CPI will be refreshed in January 2022 @Bethtzn
from 201922020. According to an official noticeBLS considered interventions but decided to maimaimal
procedureghttps://www.bls.gov/cpi/notices/2021/202&ightupdate.htr
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weightupdating procedurdsoth in ordinary times and tespond quickly to major breaks in
consumption patterns such as those experienced during the pandemic.

3.3.1.Revidng CE Weights More Frequently

A nationally representative survegnducted by a government statistical agency
continues to be needed for benchmarking estimatesrsumeexpenditurs in a way thalinks
buying patternso household. Thus,for the foreseeable futura version of th&€€E 2 ideally, one
optimized for its role irestimating CPI expenditure weightsvill be neededHowever for the
expenditure estimates to be relevant, particularly during times of rapid change, the lag with
which the dad become available must be reduced.

Recommendation 3.2ldeally, the expendituréataused tocalculate CPiveights would
come from a singlé2-monthperiodendingno more tharsix months prior tahar
introduction Forexample, nevCPIweights introduced in Janua2@22would reflect
expenditure patterrfsom July 2020to June 2021Thisproduction schedulmay take
time to achieve so, as an interim step in mitigating the timeliness problem, weights
should be updated annually using tyearrolling averages of th€E data. This
approach should become part of the official measure as soon as possible.

Updating the weights every year can be done usinGE@ata that BLS already collects.
Under this setughe rolling weights would stilag reattime market realitiedout notby as much
as theydoin the arrrenttwo-year cycle? it would provide a interim immediate improvement
even if it does not reach the idelal addition toimproving the timeliness dheupdatesthe
compressedchedulevould alsosmooth changes in the weiglitsm one period to the next

The objective in annual updating should be to shrink the lag between the endpoint of the
expenditure dateollection andveight updag.? It should be possibleavea cutoff for the
expenditure data at the end of Q2 for implementation in JanAsyoted, annual updating of
the weights based on a twear rolling average of theE data is meant as an interim solution
until BLS can develop methods that allow aahupdating based on a single recent year of
expenditure data.

Ultimately2 in 10to 20 years? even morealetailed price and quantity information will be
available for use in the CPI from a range of nonsurvey sources that could allow much more
frequent updag of item weightsin the intermediate run, BLS could develop a hybrid approach
WR HVWLPDWLQJ FRQVXPHUVYT H[SHQGLWXUHcredtad HUQV WKD
transactionslatathatcould allow the reference period for weight update becompressetb

2In the near term, one reason for continuing to use expenditure estimates bagedrsof datais to
maintain sample sizes needed to support MSA level price indexes.
28Currently, 36 months is the time from the middle of the expenditure data collection period to the middle of
the index period. For example, the weights for 28018 were used for tHePI from 2020 to 2021. The midpoint
of the index period (January 1, 2021) is 36 months after the midpoint of the expenditure period (January 1, 2018).
Under the recommended procedure, expendituresyear from July 2018 to June 2019 would be used ®2020
index, meaning that the endpoint of the expenditure period (June 2019) to the beginning of the index period (January
2020) is 7 months. From midpoint to midpgibtvould run January 1, 2018 July 1, 2020, or 18 months, cutting
the lag in halflf expenditures foR years were still used, they would run from July 2017 to June 2019, and the
average lag would be 24 months.
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just one year and the l&agtweerthe period to which they refand the updat be shortened to

a quarter or perhagvenjust a monthindeed,as documented abovome FR X QWULHV Y VWDW
offices? especially those in which higavels of cooperation exist betwettie business sector

and statistical office3 are already moving quickly in this direction of blenddifferent types of

data® Typically, these countries use integrated expenditure and price data to construct the
elementary aggregatesich are in turrcombined using an annually chained Laspeyres index

with weights from the preceding calendar year.

3.3.2.Broadening Sources of Data Used for Estimating and Updating Expenditure Weights

&RPSUHKHQVLYH SD\PHQW GDWD RQ LQGLYLGXDOVY VSHC
electronic payment processors (e.g., PayPal and Stripe) have the potential to substantially
improvethetimeliness and accuraof expenditurenveightsestimated for the APsuch data
could also provide a source of direct information on higéeel purchasing trends that could be
useful inassessing substitution and outlet bidigh frequency and timely data on spendoag
alsobe used tquickly detectemergingjmportant (high expenditure) new goods and to
determine weights for prompt incorporation of these new goods in the basket.

Transactions Data

As discussed in Chapterthe advantageandlimitationsof transactions datdictatehow
they can maseffectively be used~or example, while timelycredit card data identify only
relatively broad expenditure categories, although retailers often maintain and limkahémon
detailed purchases to specific individuals/househdidsontrast, transaicins data from
retailers, such as scanner data or the data used for the Adobe Digital Econoni{dodex,
include product detailVhile credit card data would be more usefuhiyincluded specific
product codes, such detail is not always neededsiimation of uppelevel weights

Research isngoing at statistical agencies regarding how beatltivess thehallenges
of using alternative data. Much of the challenge is in data bleAdimguding, for the CPlhow
best to coordinatandmap geogrphic breakdowns and product detail in a way that brings
internal consistency across data sources or indexes based on differentseartted
alternative data on consumer purchases can be used most effectively

Recommendation 3.3With supplementingndcomplementing th€E data in mind,

BLS should invest in collecting comprehensive data for individual spending using
electronic means of payments such as credit/debit cards or other electronic payment
processorge.g.,PayPalor Stripe) Initially, these new data could be applied to the

chained CRU or to a new experimental index. Later, after an adequate period of study,
expenditure pattern estimates used to construct CPI weights should be derived as a blend

2Eurostat, for example, produsa Lowe index at the higher levels of aggregation (because they can explain it
to the public and they are used to it). But, at the lowest level of aggregation where scanner data arethgailable,
agency appeassilling to follow the ABS lead anéxperimenwith multilateral methods=or more information, see
Appendix 2A at the end of Chapter 2.

30The software companfdobe Insightproduces online transactions data that have been used to estimate
spending on and quantities purchased of certain goodssestd {siy, WhiteandPandya, 2020).
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of data on spending from)(1theCE, (2) timely private sources, and (B national
accounts.

For this experimental research, it is likely thegdit card datavill only allow controlling totals

(weights) for broad expenditure categories, w@iledata can be used to estimatstbutions

for smaller subcategorieGiven constraints about product detail availability and ability to link
expenditure, price, and quantity data to households, population subgroups, and geographic areas,
research into use of alternative data sourceefmating uppelevel weights should be

directed toward production of the national level CPI.

Even withinthe CE program it may be possible to integrate transaction data. One option
would be to redesign thHeE such that household respondents have ptiero of completing the
surveyconventionally or of allowing access to electronic records (credit card,-boan@ed
data, etc.) in lieu of completing the eligible categories manualigh streamlining could have
significant impacts on accuracy and resgemt burden,

In developing an experimental set of expenditure weights that up&atdéormation
with additional data culled from credit card and other transaction recordssiL®] explore
opportunities taollaborae with other statisticahgenciesasStatistics Canaddid with the Bank
of Canada to produdts speciaprojectCOVID-19index.At the same time, as recommended in
Chapter 2, BLS should explore options to work with other agerfesesnstance,ite Federal
Reserve, because it priority on using timely data, has considerable expertise in working with
commercial dataLikewise,the Bureau of Economic Analysiss also done wonkith high

I[UHT X H Q-MY LERJH IBiID Wh[2mphasis on timely information for early estimateswiiht
later be replaced by other (Census Bureau) data.

National Accounts Data

Becausdéousehold surveys ather, alternativeources of information on household
expenditures become availablgh a lag, agenciegenerally use¢he fixed basket approach that
weights current price changes wékpenditure share data fraan earliemperiod (he Lowe
formulg) for theirfeatured consmerpriceindexesHowever,national accounts informatiaran
be usedo produce anore accurat€PIl. An advantage of PCHatg described abovés thatthe
data ardoenchmarked ta census of retail establishments (conducted every five yaats)
variety of othermerchantbasedsources, stheyreflecta more comprehensive accounting of
transaction®n which to estimatedw much was bought and how much was spent.

A disadvantage of the PCE data is that they are subject to revision. Assuming that
updated CPI weights are introduced 13 months after the eéhdy#ar on which they are based
(e.g., the weights introduced in January 2024 would be based on spendifigrdatalendar
year 2022), the first annual revision of the NIPAs could be reflected in the PCE data used to
estimate the CPI weights. Subsequent revisions of the NIPAs are likely to lead to relatively small
changes in the numbers compared to the sizeeadampling and nonsampling measurement
errors of the CEX!

SIFixler, de Francisco, and Kanal (2021) describe the magnitude and direction of revisions to PCE and GDP.
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The idea of blending national accounts data into CPI weightaisgoeen around for a
long time(Triplett, 1997). TheNational Research Council report conducted through the
Committee on Nationalt&tistics At What PriceINRC, 2002) recommended assessing the net
DGYDQWDJHV RI XVLQJ WKH % ($I8xel &ightg/fet tilebh&IienAIFCRI. WhE H X S SH
idea would be to set up an experimental CPI that usesge@&rated weights at the uppet4 32
item) level but that is otherwise wlifferent from the CPIPCE data also could be used to
improve the official CPI:

Recommendation 34: Oneoption for blending PCE andE datathat BLS should test
for the purpose of updating upperel expenditure weighia the CPlis to continue
using he CE as the benchmarfor most categorieutthenintegrae PCE data to adjust
the acknowledged weakest categories ofGEe

BLS will need to carefully evaluate where to substitute data, but examples of problematic

categories forteCEDUH 3FORWKLQJ  DQG :DOFRKROdtdgmised YHUDJHV S X
FRQVXPSWLRQ ~ 7KH UDQ@E(ReRi¢W] td PCK /031 Rf&s the FoHner and

0.22 for the latter, indicating very large underreporting problems. In contrast, intB@x@atio

of CE (interview) to PCE exceeded 0.94 for imputed rent, rent and utilities, and new motor

vehicles and 0.80 for food at home and communication. In general, larger items estimates (from
interview survey) track more consistgnbetween th€€E andthe PCE NASEM, 2013). For

casswhere these discrepancies in weights change rapidly, as in the air travel example cited

above, a CPI based on higher frequency information can be invaluable for detecting moments

when there has been a disruption.

The experiences aither NSOs that already use national accounts data in their CPIs can
bedrawn uporto expedite this line of researdin example of tk strategyto target problematic
expenditure categories V. 6 WD W L V W L F ViagobaDaode unfiataigninfbriRdtion on
alcoholpurchasesABS alsoprovides a model for betwedPE updatesits Household
Expenditure Survey provides the benchmark information on the expenditure weights of
Australian householdslthoughas of 2018, ABS moved to annlyate-weighting using
Household Final Consumption Expenditure data from the national accounts

Exploring the use of PCE spending dased by BEA for the national accouits
buttress specifi€E categories is a lovaanging fruit, and indeed BLS has hagkaearch
program to study level differences in the two soufé¢B&A and BLS should collaborate on this
project which couldalso be extended to evaluate whether the PCE data provide a good predictor
of the CE data.While improving the timeliness and accuracy of the weights of the national CPI
U should be treated as the most important objective, the extent to which achieviogeidhp
timeliness and using transactions or national accounts data entails a sacrifice of accuracy in the
detailed expenditure patterns for local areas and demographic groups, such as the demographic
groups covered by the GW and CPIE, might also be expted.

Survey Options

32See, for example, BLS (201®lair (2015) Carroll, Crossley, and Sabelhg@915) Johnson (201)7
Passero, Garner, and McCu{B015).
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Capturing changing consumption behavior during dramatic circumstances such as
pandemic lockdowns could conceivably be done within a survey framework; however, it would
require something close to a continuous survey (and one fraicisssed in near real time).

Diewert and Fox (202 concluded WKDW 3IRU PDQ\ SXUSRVHV LW ZRXOG EH
DIJHQFLHY WR HVWDEOLVK D FRQWLQXRXV FRQVXPHU H[SHQG
monthly) updated set of weights would ragua radical shift in methodology and data sources

used, and any index built on such an approach would have to be assessed on an experimental

basis for a significant period of tinfeGiven that most statistical agencies do not have the

resources to estiate representative baskets in anything close to real time, a hybrid data

approact? one in which a consumer expenditure survey is still central, but new data sources are
integrated for intrdbenchmark updatésoffers a particularly promising strategy. The hgb

approach entails estimating recent expenditure patterns using the best data source for each level

of aggregation and item considering the goals of timeliness and accuracy and the weaknesses of

the CE. As described above, national accounts and payr{eetditanddebit card) data are

promising sources for at least some of the fglel weights, perhaps with some adjustments

based orCE survey data.

For the foreseeable futur@E-type data will still be relied upon for details about
consumer units anaf completenesandrepresentativeness, especially for item categories for
which its accuracy is believed to be gébHven so, th€E could be retooled to work in
conjunction with alternative data sources (e.g., transaction/credit card data) so thtgaveig
updated betwee@E benchmarks as has been done in some recent academic résearch.

In the discussion above, it is recommended that BLS move more aggressively toward a
blended data approach to establishing ubgezl expenditure weights for the CPI. The
presumption is that, in addition mationalaccountsdata, BLS would purchase conseim
transactions data (including prices and quantities where possible) from private companies on a
continuous basis for a sample of households and items. For purposes of estimating expenditure
weights, scanner data seem most appropriate as price andyguotination is often available,
whereas welscraped data generally do not offer the latter.

At this point, most official price measurement programs are using scanner data from
retailers mainly covering groceries. But consumer panel data are also ptbdodesold
(usually, at fairly reasonable prié§dy companies such as Nielsen that would allow BLS to
begin testing their use in the CPI immediaféljhe advantage of consumer panel data is that

33The U.SCEis in the field continuously, but the data are only combined for weight updating sporadically.
Monthly weight updates are only worth considering for the Chained CPI.

34For an assessment of CE data quaditgChapter 5 ifNational Research Couh¢2013 andParker,
Soulelesand Carroll (2015).

35Cavallo (2020usel publicly available data from credit and debit card transactions to update official CPI
weights and buldn DOWHUQDWLYH 3&R athlG(2020) WNt-h\Watab&sk kb WidsSure economic trends

PRUH EURDGOWUHIWHQKLIKUDQXODU OHYHO XVLQJ DQRQ\PLJHG GDWD IURF

of COVID-19 on the economy more quickly than is possible using conventional surveys.

3®Nielsen data are made available to researchers through a collaborative arrangement with the Chicago Booth
Kilts Marketing Center. Data subscription prices, for individuals and institutions, can be found here:
[https://www.chicagobooth.edu/research/kilts/datasets/nielseglisen/pricing

37As discussed in Chapterand in the context of creating subpopulation price indexes in Chapter 5, the
Nielsen Consumer (Hoescan) Panel is the most prominent example of this kind of data. The Homescan panel
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purchases are linked to the households making thainch allows indexes for subgroups of the
population to be calculated more naturally. Currently, consumer panels do not typically collect
inventory and consumption information, so there are challenges, for example with new and
disappearing goods, to be o¥eme in using these datdowever, assuming the horseanned

data are used primarily for construction of weights that represent spending for the entire year, the
lumpiness of purchases and the lags in buying new goods caused by consumption out of
inventoiies will be minimally consequential.

An alternative to the data purchase model to be considered for the longer run would be
for BLS to set u@mnin-house operation for collecting the needed data. Since scanner data from
aggregatorarenot perfectly suited for use in the CPI (for reasons discusgeldapter2), this
in-house operation would ideally be set up to collect scanner data directly from households.

Recommendation 3b: BLS should begin exploring development of a housebalsiel

scanner recording program that would capture prices, quantities, and item characteristics
of purchases made by surveyed respondéntsddition to its value for estimating item

strata weights, this method of obtaining spending information would bd ésefu
construction of elementary aggregates.

As a first stepn such a projecta retrospective study demonstngtthe benefits of a home
scanner data approach (using historical data frowate companielRI| or Nielsen) could

provide insights about tHeestway forward. If BLS could learn to conduct Homest@oe data
collection, it would carry with it the advantage of retaining control over the sowitt@ut

worrying about prices going up or the source dryingaml the program could be designeain
way to ensure that the data are represent#tiiRt.and Nielsen have already demonstrated that it
is feasible to collecnd usealata in a timely wayand it could be viewed as an alternative survey
methodsimilar tohow the computerassisted personal intervie@API) method replaced home
visits or phone calls years agblowever, thinking longer term, BLS should consider
SOHDSIURJJLQJ WUDGLWLRQDO PHWKRGRORJLHV RI KDQGKHC
investments antbok tomodern approaches using a custom mobile phonelggpnologies are
changing fast, sthe most durable solutions may be basetlexible, mostly softwardased
approachedsAs recommended in Chapter 7, this project would benefit freondination wih the
Census Bureawyhich would benefit from access to such price and quantity datarétaih

sales and BEA which would also benefit CPI weightsncorporatechational account
information.

Sorting through these data infrastructure options, paatiguihe boldest ones, requires
statistical agencies to envision the future data environment and what CPI users will need in 10 or
15 years. BLS requires timeliness for the flagship CPI but recognizes the value of population
subindexes. In the current dagtup, these two objectives have somewhat conflicting data
requirements$ it would be easy to use alternative data sources to produce a more timly CPI
if the CPI-E, regional indexes, subgroup indexasi other measures did not have to be

tracks the expenditures of about 55,000 households who scan the bar codes of their purchased items. Prices are then
downloaded from the store where the item was purchased.

38For such data collection, cooperation may still be needed from the retailers, which could be an impediment to
BLS developing its own horrgcan data.
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consideredOneway for BLS to make a large leap forward is to créatewn, ambitious in

house data collection program that combinesseholdscanner data as part of {GE&,

information from credit cards and other electronic transactions, andgaevaping. The othavay

BLS could handle the conflict would be to release the headline index in a timely manner but
release subgroup indexes with a IlBgcause of the need to not revise the headline, the subgroup
indexes could be scaled to aggregate up to the healiSawould no longer build up the

headline from the subindexdasteadtheagencywould estimate and release the headline index
and then, later, wheihhad the detailf would estimate the subgroup indexes tbe indexes
would be scaled so that they agulto the previously published headline index.

3.3.3.Increasing the Visibility of the C-CPI-U

For practical reasorfsmost notably, its advantages in terms of consistency in
aggregationsimplicity, and ease of interpretatidnt is clearthatBLS must use¢he
(nonchained).aspeyres/Lowe formula for tHlagshipCPLU. Further revisions to thélagship
CPI-U areruled out by its uses for escalation of paymernt#®wever,many ofthe measurement
advantagesf a more flexible formula and revision policy canrbalizedby increasng the
visibility to data users ahechained CP{C-CPI-U).

BLS can raise the profile of the CPI-U by, among other actiongiving it more
prominertein news releases, BLS publications, andtemvebsite as well as highlightings
advantages for many purposes. To provide researchers and analysts withradasggigs, the
agency could backcast the@PI-U historically to 1960 or 1970 incorporating the corrections
from their research price index series@QRIU-RS).

Chained price indexes, precisely because they capture changing consumption patterns
alsohawe some advantagés many purposes including indexati®The chained index also
likely would be preferred fomany special applications, such as assessingpdising changes
during COVID. Fomany of these applicationa need for updates (espegiafimodest) to gain
timelinesswould be favorabla tradeoff For example, aelevantCOVID-19 CPI, becomes
possible’® Much of theexperimentalvork using akernativedatadescribedn this chaptecan be
carried outn the context of the {CPIU. Further improvements dfie GCPIU as suggested in
this chaptewould provide useful comparison tiwe official CP1 and in disruptive episodes like
COVID-19would provide one gauge of how far off weighitsrein the official CPI.

¥)RU H[DPSOH WXRZGHRSWRHGRUW 7KH 1DWLRQDO &RPPLVVLRQ RQ )LV
2010) recommended governmavite replacement of the CRV and CP{U with the chained CPI. In fact, a
modified version of the Chained GBlproposal was included in the Obam& P L Q L V Vwldifetiobt IRsQd V
Year 2014
4°The Fisher formula uses the baskigom both the base and the current period and issuitd for chaining.
For the pandemic period, Diewert and Fox (2020) recommend using a Fisher index, linking the fiostkpostn
period to the last prlckdown period, for measuring price chandasng this aberrant period.
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4
Modernizing Difficult -to-Measure Expenditure
Categories: Housing/Shelter

This chapteand the nexéxplore several major consumer expenditure categories:
housing/shelter, medical care, and several products that display rapid technological progress
(and, in turn, quality change) are covered in that order. These are categories of goods and
serviceghatrepresent significant expenditure shares for consuametisave difficult conceptual
and measurement issues, but for which new kinds of data could be especially helpful in
improving price measurement.

4.1. MOTIVATION

Consumption of housingerviceswhether rental or ownesccupiedis by far the largest
FRPSRQHQW RI PRVW FRQVXPHUVY FRV Wnfhe CPlo¥rhapelthanL WK D Q
30 percenthousingfar oupaceghe weight of othebasic necessitiesich as food (close to 14
percent) and medical careldse to9 percent). Although $elterremairs a CPIcategorywith
inherentlydifficult conceptual and measurement issnesv sourcalatahave become available
thatmay create opportunitige improveprice measurememdr housing services

The focus of this section is on owrmzcupied housing, bothebause it accounts for
about thredourths of the shelterategoryandbecausehe issuesnvolved in its measurement
haveyet to befully resolved? Reflecting this lack of consensus, as detailed below, the statistical

'Shares are from May 2021. Jeéps://www.bls.gov/news.release/cpi.t01.jreports the most recent
expenditure shares.

2This emphasis is not meant to imply that there are not also important issues having to do with measuring price
changes faced by renters. For example, several reseatwve questioned the CPI method for sampling rental
units? particularly the mix of properties that have and have not changed hands. The CPI shelter component mainly
surveys existing tenants anthy not fully reflecthe typically larger rental price chges that take place upon tenant
turnover|http://www.personal.psu.edu/juy18/index_files/ACY inflation 2018.01.1}.Adfother issue has to do
with tenant nonpaymesi(see, for example, Janson and Verbrugg2Q and Diewert and FQx2020. This issue
the impact of rent nonpayment and its impact on CPI shelter inflatiais grown markedly in prominence during

the COVID-19 economy. On this issue, sgexww.clevelandfed.org/newsrocandevents/publications/working |
[papers/202@vorking-papers/wg2022 covid19-and-shelterinflation-reduction
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agencies of various countries use quite different methods to measure price change for shelter. In
fact,11 of 17 OECD membedo not includeowneroccupied housing in their CPIs at all

(OECD, 2020)The measurement challenges for this spending category arise in large part
becauséhe price of housing services is not directly observable for carmipieddwellings

and so must be imputelh this section we discudsur differentapproaches to this imputation

and how new data may help improve these methmethaps changing the relative merits of

each These approaches ahe rental equivalence approach, the acquisitions appribectiser

cost approachand the payments approatBach of these methods have advantages and
drawbacks, and fitness for use depends largely on the intended application.

Broadly speaking, in a cesf-living framework the goal is to estimate the prices of
goods ad services consumed by households. Therefore, @ttging index should attempt to
measure the price afflow of housingservicesconsumedy owneroccupantswhich is a
concept distinct from the price of purchasing a hamtbat the lattecontainsa significant
investment componento give a concrete example, if a family buys a house306,800in
yearx and lives there for the next 10 years, their housétgted cost of living is not3p0,000in
yearx and zero in the subsequent 10 yeRather, their housingelated cost of living is the
amount they would have had to spend in order to consume theagsawnat of housing services
provided by their owneoccupied homéSince the rent paid by renter households is an
observable stream of expenditures used to consume housing services, one common approach is
to impute the price of housing services for owoecupied housing using rent data, called the
SUHQWDO HTXLY DO H@remt CHD i8SHdddDdy Kisddisabprbach, as do some
othernational statistical officesuch aghose inJapan, Mexico, and Switzerland. Consequently
in Section 4.2 belowye review the rental equivalence approach and how it is implemented in
the case of the CP%ection 4.3 thenliscusgesthe prominent alternative methods.igh
discussion is followed by considerationagportunities for improvement brought about by new
dat sourcesind new methods

4.2. RENTAL EQUIVALENCE APPROACH TO ESTIMATING PRICE CHANGE FOR
OWNER-OCCUPIED HOUSING

The basic premise of a rental equivalence approach is that the poweerfoccupied
housing services can be imputed by estimatingtheuntthat would be required for a
household to rerthe samédiome.This premise guides production of other economic statistics as
well; the System of National Accour{iaternational Monetary Fund 993 p.211), for example,
VWDWHY DV D JXLGLQJ SULQFLSOH WKDW 3KRXVLQJ VHUYLFH)
the rentals that would be paid on the market for accommodation of the same size, quality and
WA\SH ~ ,Q WKH FRQWeéithégodl Is W méehséngrice Zhamiethe methodology
seeks taestimatechanges in rent artienimpute thesestimatedo the stock of owneoccupied

3Diewert and Nakamura (2009) provitia detailed description of the specifications and the appropriate
application of some of these different approaches to prmineroccupied housingdOH).

4To put it another way, ownarccupants are forgoing a flow of rental income by choosing to live in the
property themselves. This forgone income could be considered the cost of living in the home.
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homes.The appendix to this chapter provides background information ondtiedological
development obwner equivalent rent (OER) estimation historically at BLS.

Much of the @tafor% /6 1V KR XV LQJ Sdykrekatet BiReJTPDHROUSING
Survey which collects data on rent payments at a monthly frequeingyart because rents
changerelatively infrequently, busing units includedin the survey are sampled once every six
months,as opposed to once every month or agfor most other CPI itemd he units in the
survey are di into six panels with data collected from each panel iiifardnt month, allowing
the BLS to compute overlappinmiality-adjustedsix-month changes in rehiThis quality
adjustment accounts for changes in observable features such as number of bedrooms and the
presence of air conditioning. BLS aladjusts rent for the estimated loss in quality from the
aging of structure§The CPI Housing surveyraws from 75 urban areas and selects
representative block groups within each drea

For each block group in the samptBanges in averagents are extapolated to the
owneroccupied stock within that block grouging information on housing unit and household
characteristics from the American Community Surveyotential concern about this
implementation is that, based oo@mparison with the 20122018 Consumer Expenditure
Survey it appearshat singlefamily rentalunits are undersampled in the CPI Housing sufvey.
This undersamplingnight reduce the accuracy of the imputation of rent changes to the-owner
occupied stock since masych unitsare singlefamily dwellings Recent researchasfound that
rents of singldamily and multifamily units within the same neighborhood did net aitsthe
same rate from 2013 to 2016 (Adams and Verbrug@21).

Once qualityadjusted rent changes are estimated for the earmrpied stock in each
block group, these changes are aggregated to create an elementary index for each basic area
using housig expenditures as weighihe ownefroccupied housing expenditures are derived
from the Consumer Expenditure Survey, which asks owners to estimate the rent that they could

SCPI agents identify respondents for each sampled mgusiit. The respondent may be its occupant (the
renter), its owner (the landlord), a property manager or an authorized representative of the occuptant (kee,
&3, PHDVXUHV SULFH FKDQJH RI 2ZQHUVY HTXLYDOH @imaly ireQd&ndel SULP DU\
(rent),|https://www.bls.qgov/cpi/factsheets/ownaguivalentrentandrent.pdy.
5Detailed information on how BLS adjusts for shelter quality can be found at
uivalentrentandrent.pdf information on shelteage bias adjustments
in particular can be found|attps://www.bls.gov/cpi/qualifadjustment/updatinfousingagebias.pd
"The depreciation problem is, basicallyat the same rental unit does not maintain a constant quality flow of
services over time. On a morthrmonth basis, depreciation will be tiny but over decades, significant upward bias
can result. It is not a simple matter to make a depreciation adjtstimee depreciation typically applies only to the
structure part of the rental property while the rent covers both the user cost of the structure and the user cost of the
land that the structure sits on (and different rental properties will have diffeneistructure ratios). It is not an
easy problem to deal with, but some (Diewert and Shimizu, 2021) argue that a somewhat arbitrary depreciation
adjustment may be better than ignoring depreciation of the structure.
8The 2018 geographic revision of th@idHousing survey specified a target sample of 43,000 renters with a
goal of collecting 5 renters per block group. Roughly 20 of the urban areas aspsedenting, meaning that they
each represent a single elementary area. The remaining urban agrasiped into elementary areas that represent
a combination of region and size class. BLS publishes indexes for each elementary area. There are an average of
about 275 block groups in each of the 32 elementary areas, with larger strata having mor@bjsckngaiximum
of about 850) and smaller strata having fewer (minimum of about 80).
9Se¢https://www.bls.gov/advisory/fesacp1120905|dElsewhere, the 2004 ILO CPI manual recommends
evaluatingstratification of the renter sample by structure t{p® et al., 2004)
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obtain for the property if it were rented. A hedonic regression is used to assbisastimated
rent with housing characteristiand then the characteristics of the ownecupied stock by
block group from the ACS are combined with the hedonic coefficierusltolatethe total
owneroccupied housing expenditures for each blockugt® One cause for concern is that
owneroccupants have been shown tojomigie the market value of their hosr{BenitezSilva et
al., 2015 Chan, DastrupandGouldEllen, 2015; DiPasqualeand Somerville1995 Goodman

and Ittner 1992 Kiel andZabel 1999 Molloy and Nielsen2018, and there is no reason to
suspect they would be better at assessing rental ¥alumather concern with this approach is
that the extrapolation to block groups can only be done using housing characteristics available in
the American Community SurveyACS). Key housing characteristics that are missing from the
ACS include the floor spacéd the structure and land area. Consequently, block groups with
larger homes on more land may not be given enough weight in the CPI if the available
characteristics underestimate actual structure size and land area.

Onebig-picturedrawback of the rent&quivalence approach is that if owszarcupied
and rental markets are segmented, it can be difficult to find rental units that are reasonably
comparable to owneavccupied homem the same block groufhis difficulty likely is prevalent
specificallyin naghborhoods with largenore expensiveomeswith few rental units.

According to the 2012018 ACS, 16 percent of block groups in® metropolitan areas had

fewerthan 10 percent of their occupied homes as remtal$ the few available rental homes
could be quite different from the owneccupied stock along observable and unobservable
dimensions. In these cases, extrapolation of rent to the eveoapied stockauld generate a

misleading estimate

4.3. ALTERNATIVE METHODS TO ESTIMATING PRICE CHANGES OF
OWNER-OCCUPIED HOUSING

4.3.1.Acquisitions Approach

For some purposes,dbuld beuseful totrack changes in the cost of acquiring a housing
unit. Thisapproachaccounts fothe full price ofa purchase to the period in which it takes place.
In addition to thepurchase pricef housing unitsinformation oncosts associated with
maintenance and repair, property taxa® insurancenay also be includeddeally, the
purchase price of the structure and of the land would be tracked sepdingedp]it, however,
can be difficult to implement in practice, since most home purchases bundle the structure and
land together. Another implementation challengdaggauging changes irripe estimatesver
time requiresaccouning for changes in the quality of homes sold. These challenges

The characteristics included in the regression are: number of bedrooms, property value, income, and
indicators for whether the housing unit is in an apartment building;flsghmRELOH KRPH RU 3SRWKHU’
coefficients vary over both location and time since the model is estimated in each of the 32 index areas every
quarter.

HHeston (2009) and Heston and Nakamura (2009) suagithstt owneroccupants overestimate the ino®
that they could collect from renting their properties, which would cause imputed rents to be biased upward.

2The use of property value and household income in the regression to extrapolateasuped housing
expenditures likely mitigates the absentanit size and lot size information, since larger homes and homes on
larger lots will likely have higher values and be occupied by higieame households.
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notwithstanding, someountriesuse theacquisitions approach. Australia, for example, estimates

owneroccupied housing costs based on the purchase price of dwellings (excluding land) and the

cost of major improvements (OECD, 2020)s worth emphasizingiowever, that hme

purchases involva substantial investment componearid therefore the acquisitions approach is

QRW QHFHVVDULO\ D JRRG PHDVXWterRmeD KRXVHKROGYV FRVW
In theUnited Statesheacquisitionsapproach was given closer considerationng the

mid-2000ssince house prices were rising much faster than rents during that @cuhetti

(2007) whoconcludel that the rentaéquivalence approach is the most appropriate measure of

changes ircoss of living, noted thaswitching to the acquisition approach as the method for

pricing owneroccupied housing would have made a substantial diffefent¢&S. headline CPI

inflation, raising the estimatieom an average annual rate o8 percento an average annual

rate near percent + H D U J X H Gadith&sP béen thi€ @flation readingssibard to imagine

the Fed keeping their federal funds rate target below 2% for three yRalatedly for some

purposesDiewert and Nakamura (200p. 1) called forfurther exploration off Fore direct

measures of inflation forowneRFFXSLHG KRXVLQJ VHUYLFHV ~
Anotherargumenthat could be used supportof an acquisitions approach is

consistencyacross CPI categorieSthergoods that also provide a flow of future servjcgh

asmotor vehicles and washing machinaee included in the index on an acquisitions b'dsis.

The EU% Harmonized Index aonsumer Prices Index of Consumer Prices (HJ@R)ch isthe

(81V PRVW LPSRUW D Qaicludes s2ivived fiRayided/poniew Wied-housing

but, because it uses the acquisitions approach to measure the contribution of durable goods

expenditres in the CPI, an index based on housing acquisition costs is being piloted for possible

future useHowever, f consistency is the goal, pricing other durable goods on a flow of service

basis is another optidf

4.3.2. User Cost Approach

Another option for measuring price chang@wneroccupied housing is the user cost
approachSweden and Iceland use variants of the user cost approach (Hill et al., 2@ @%er
cost is derived from the theory that the return on investing in housmgdsequal the
opportunitycost of investing; otherwise, more investors should bid the price of housing up or
down until the return equals the coBhis market equilibratioirmpliesthatthe costs of owning
the property? including borrowing costs, the opgiunity cost of funds, maintenance, and
taxes? should equal rentlfe gross income from owning housjnus the expected capital gain.
The user cost is usually defined as the costs of owning minus the expected capitssgon
theequilibration of cost and returthe user cost should be equalréntal income. Consequently,
the user cost is theoretically equal to the price of housing serVitésperfect datand a
frictionlesseconomythe rental equivalence method and the asst method should generate
the same result.

BFor a full discussion of this issue, see the chapter on durables in Diewert (2020b).
¥The Burea of Economic Analysis has defined consumer durables as those having an average life of at least 3
years (Katz, 1983).
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A key advantage of the user cost approach is that it does not rely on an active rental
market for homes of similar quality/locatiofherefore, it could provide a reasonable alternative
estimate for the price dfousing services in cases where rental markets aré\ibiable
examples include higend properties and properties with large land components. The rental
equivalence has been shown to be much lower than a user cost estimate in these cases (Garner
and Vebrugge, 2009; Heston and Nakamura, 2009), possibly because nearby rents are
artificially low to compensate renters for taking good care of thesedmdlpropertie$: For this
reason, DiewertNakamuraand Nakamur§2009) and Diewert 2008, D11)arguel that the best
approach to valuing the services of owpecupied housing is to take the maximum of its rental
value and its user cost vaJussing longrun expected inflation rates for expected capital gains in
the user cost formuldhey refer to WKLY PHWKRG DV WKH 3SRSSRUWXQLW\ FR)
attempts to quantify the opportunity cost of occupying a home instead of renting it out.

However, the user cost is not without its own measurement challenges. Many of the
components, such as maind@ce and expected capital gains, are difficult to observe and so
assumptions must be made for these inputs. Research has found that user cost estimates are quite
sensitive to the assumptions made aloeseunobserved componeniSifdelsky, Moultonand
Wentland 2019 Hill, 2019. Relatedly measures afiser cost tend to exhibit high volatilitue
to the metho® inclusion (sometimes, depending on specification) of an interest rate term,
expected capital gains, and a risk premium.

Another issue that arises with the user cost approach is that there could be an adverse
interaction with monetary policy (Hill, 2004When central banks attempt to combat inflation by
raising shorterm interest rates, lorigrms rates can also rise if market participants expect
higher rates to persist in the future. Higher ldagn interest rates would raise mortgage costs,
therefoe pushing up ownesccupied housing costs according to the user cost and payments
approaches. Thus, the central bank actions would have the unintended consegésiog of
this large component of inflation.

4.3.3.PaymentsApproach

A related approach for pricing the consumption of owseupied housing is the
payments approach, whittacks changes in the ongoiagpenditures required tdilize shelter
services for homeowner$hese paymentgpically includemortgaggpayments, maintenance
andrepair, property taxegandhomeowner§insuranceAn appealing aspect diis approaclis
thatit relates directly to observable expenditures by homeowimelsed, if the underlying
policy objective is tdrack outof-pocket cots, it seems sensible to track the prices of the
payments required by owneccupantsThe Canadian CPI usasnethod similar tthe
payments approach and includes price changes for six components: mortgage interest,
replacement cogtised as a method fareasuring the depreciation componeptpperty taxes,

5Some owners who rentouthigfQ G KRPHY DUH ORRNLQJ IRU 3FDUHWDNHUV"™ WR OR
owner is not occupying the gtiture. Thus, the owners of higimd properties are not able to charge the full user
cost to the renters.

4-6

Copyright National Academy of Sciences. All rights reserved.



Modernizing the Consumer Price Index for the 21st Century

Prepublication Copy 3 Uncorrected Proofs

KRPHRZQHUVY KRPH DQG PRUWJDJH LQVXUDQFH- PDLQWHQDQ
accommodation expens¥s.

The payments approach is appealing for some applications becausenibttegson
imputations, but rather can be based only on observed payments made by property owners.
However there are significardrawbacks to usinthis approach. The first is thestical.

Although the expenditures used in the payments approach are components of the uker cost,
payments approach does not include all of the elements of the useucbsashe opportunity
FRVW RI RZQdepréctatiBindedpected capél gains. Consequently, the payments
approach does not yield a measure that is theoretically equivalent to the price of housing
services. To give a concrete example, imagine two identical homes that were both purchased for
the same amount at the same tiifiee ownes of the first home financed their purchase with a
mortgage for 80 percent of the home value, while the cswfdghe second homgaid fortheir
purchase with cash. The payments approach would adifigrent prices to the two homesen
though the housing services provided by the homes are exactly thel$aenpayments approach
also has implementatiarhallengesOne challenge ibow to dsentangle theavingand
consumption components of mortgage paymesiteemortgage payments generally include
somerepayment of principaf In addition, like the user cost, not all owner payments are easy to
measuré?

It is noteworthy that, mor to 1983, BLS measured the services of owoswaupied
housingin a waythat was influenced bynortgage interest costspecifically the mortgage rate
currently being offered on new mortgagksessence, the index was assuming ti@imortgage
interes thathome buyers agreed to payer future yeargvas part of their cost of livingpday. It
should be noted that this method of using contracted mortgage payments of consumers buying a
home in the current period is substantively different from what is done in the Canadian CPI,
which tracks actuahortgagepayments.

Thehigh and volatilanterest rateenvironmenof the late 1970s madke old BLS
approach untenahlasit tended to amplify the volatility in inflatiohese issues were large
enough that the BLS switched to a rental equivalence appbegihning in 1983Gillingham,

1983; Gilingham and Lane, 1982As described in theppendixto this chapterthe agency
experimented with an alternative rental equivalence approach from 1987 to 1997, but then
essentially reverted to the methodology used from 1983 to 19i8¢e that time,dllowing a
recommendatiom the reporiAt What Pric@ (NRC,2002),BLS hasconsideedreturning toa
Jayments approachor somepopulation subgroup indexésotably the index used for Social

Phttps://www150.statcan.gc.ca/n1/pub/62f0014m/62f0014m201@0.hin] Because the Canadian method
includes depreciation of the structuitds not a pure payments approach.
This line of reasoning was also articulated by the Reserve Bank of Austria which stated that inclusion of
interest charges in a measure of general inflation rates faced by consumers is problematic, conceptually, because it
UHSUHVHQWYV 3D tbfHconBumptigriHin $he fukiie as/éppbsed to the present), rather than the current price
Rl D JRRG RU VHUYLFH =~ 7KH\ IXUWKHU QRWH WKDW 3LQ VRPH FRXQWULHYV
are omitted from the CPI measure targeted byfi¢ QW UDO EDQN WKLV ZDV WKH FDVH LQ WKH
Bank of Austria,Submission to the 16th Series Review of the Consumer Price MBGH 2010).
¥The case against using the payments approach is detailed more compléigraft chapteoy Diewert
and Shimizu fotheIMF CPI Manualllittps://www.imf.org#/media/Files/Data/CPl/companigiublication/chapter|
|9-treatmentof-durablegoodsandhousing.ashi
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Security COLAs (CRW), the elderly index (CPE), and in the production of a new index for
low-income householdslowever, @plying adifferent approach for the housing component of
these subgroup index#san for the headline inflation measure woctidate inconsistencigisat
would make differences between indexes difficult to interpret.

4.3.4.Assessment

Prominent reviews ofthe &, SURJUDP KDYH HQGRUVHG %/6V UHQWL
of pricing owneroccupied housing on the basis that it is the most broadly applicable approach
for a costof-living index The 1996 Boskin CommissioAdvisory Commission to Study the
Consumer Price Indef996) supported the rental equivalence approach to poengr
occupied housingnd even argued that the method should be extended to automobiles and other
durable goods. Likewise, the 20RCreport(p. 72) FRQFO X GH G Alived wmslliReJ ORQ
DXWRPRELOHV RU KRXVHV RQH PXVW XVH QRW WKH SXUFKD
is the current practice with housing, we believe that using rental rates is probably the best
RSWLRQ °

This panel is in general agreementhitie overarching recommendatidrom the 2002
NRC study One appeal of the rental equivalence approach to valuing awecapied housing is
that, in many situations, it will correspond closely to the price of housing services. Moreover, it
can generally & calculated without making as many assumptions as the alternate approaches
discussed abov@&he currenpanel thinks thaBLS should avoid an owner payments approach
since this approach is not theoretically equivalent to the price of housing services.

Recommendation 4.1BLS should continue using rental equivalence as the primary
approach to estimating the price of houssegvices for owneoccupied units.

The rentakquivalence approach is consistent with the-ob$iving index objective of the CPI

and the change over time is based on observed price changes. The user cost approach is also
conceptually consistent withastof-living index objective but is a modéksed approach that

has some practical operational constraihihe acquisitions approach and the payments
approach are ndtlly consistent with a cosif-living index objective.

4.4.OPPORTUNITIES CREATED BY ALTERNATIVE DATA SOURCES

The CPI methodology has traditionally relied on survey data to provide information on
rent changes and housing expenditure shares. However, new data sources might provide
alternatives or supplements to #wasting surveys. Resulting from the expansion of large
institutional landlords and property management companies, a number of large data sources for
rent have emerged over the past several decades. For exalthplegh institutional ownership
remains oly a small part of the overall market for sindémily homesthe two largest

°The user cost approach does work well if kbegn average capital gains are incorporated in the user cost
formula. Moreover, the use of user costs is nearly universal in production,tbedriras an imptant role in some
contexts.
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companie®wned about 130,000 units in 202Most of these units were owreccupied prior
to 2010 and consequently should be fairly comparable to e@coepied unitsSupplenenting
the CPI Housing survey with singtamily rental data from such sources might therefore help
BLS improveits imputations of rent changes to the owpnecupied stock.

Beyond singldamily rentak, some property management comparhase access to
renial data on millions ofmultifamily rental units whichwould alsobe useful in expanding the
%/6V VRXUFHV R&guchuddt@wulé BribgalHngiderable advantage in tieat can
beobserve for a given housing unit in consem# months allowing for an accurate assessment
of rent change in a single monBy contrast, the CPI Housing Survey only samples each
housing unit every six monthand BLS assumes that thie-month change in rent is evenly
spread over the-gonth perial. This assumption makes the CPI slow to refettialchanges in
rents paid by householdsd is particularly problematic in times when rent changes rapidly
(Wilcox, 2021). These new data sources may also include information on charactéresics
land plot area of the rental unit, floor spa@egistructure agé that are essential for imputing
appropriate rents for these owned units.

Ambrose, Coulsarand Yoshida (2015) providea useful example of creating a rent
index from private market data on rent contracts. They show that an index using only newly
signed leases is much more volatile than the CPI rent index and that fluctuations in their index
predict future fluctuations in the CPI seridhey interpretddthese resultas indicating that the
CPI methodology smooths out market conditions and refleetsahditionswith a lag. They
noted, however, thathe CPI methodology may bappropriate for an index with a purpose of
measuring cost of livingsince rental market contracts and frictions ddaat reduce the
influence of market conditions on the rent that households actually pay.

Beyond the potentialf these data sourcess LPSURYH WKH &3,V DELOLW\ WR
changes in rent growthesources saved from collecting multifamily data in the CPI Housing
survey could be used to expand the survey to include more-$amgily units in ownefoccupied
neighborhooddn addition todata on rent paymentsther potential sources for rent dategght
includeasking rents from the Multiple Listings Serviceflmm properties posted for rent on the
internet Althoughasking rent may deviate from the rent actually paid by houseimoidaterial
ways, it might be possible to develop methods to infer contract rents from asking rents.

Despite the potential of large amounts of data from these alternative data sswches
datawould never be a complete substitute for the CPI Housinge$was thesdata sources do
not coverall parts of the countrgr all strata of unit qualitylt might be possible to use a survey
like theACS as a benchmark for the types of housing units and their geographic distribution
across thé&Jnited Statesand then focus the CPI Housing Survey on unit types and areas that are
underrepresenteaat not covered by alternative data sources.

Recommendation 42: BLS should seek to identify new data sources that would allow
for improvel coverage of singkamily homes and of areas where houses are

20According to their 202@nnualreports AmericanHomes4Rent owned,B80properties and Invitation
Homes owned 8000propertiesLarge samples notwithstanding, leasing firms often operate with a limited
geographic scaldpr example, AmericanHomes4Rent apgdarhave few listings for the Northeast, Midlantic,
and Californighttps://s26.04cdn.com/445305060/files¢dfinancial/annual/2020/AME2 020 AnnuakReport.pdf
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predominantly owneoccupiedNew data sources could also improve & , TV DELOLW\ W
reflect rapid changes in regtowth by allowing for the measurement i@nt for a given
housing unit in consecutive months

Beyond their uséor measuring rent changes, new data sources could also be helpful for
estimating the housing expenditure share for ovaoeupied housing. On@ossible sources the
ACS. This large, nationally representative dataset could be used to impute rental expeéaditur
owneroccupied housing, for example following the method that the Bureau of Economic
Analysis has begun using to estimate the consumption of evacepied housing services
(Rassier et al2021).Another promising data source is property tax recavtig;h covers nearly
all housing units in theationand contains information on many more housing characteristics
than available in thACS, including building and lot square footagen their own, property tax
records could not be easily used for theppse of estimating expenditure shares of owner
occupied households because it is difficult to distinguish between rental units and owner
occupied units in these data. Howevbeggroperty tax recordsould be merged with rent data
from the CPI Housing Suey or theACS to impute rental expenditure to the owsoecupied
stock. With a large enough data source, the BLS could consider a machine learning approach to
estimating expenditure shares instead of a single hedonic regression.

Recommendation 4.3BLS should consider alterne¢ strategies for estimating
expenditure shares for owneccupied housing, especially ones that would make use of
the rich housing characteristics information tuaoften available in property tax data.

Many potential aktrnative data sources have an advantage of being much larger than the
samples currently used for calculating the housing components of thEf@etive blending of
data sources could ultimately all®\S to provide additional detail about shelter priteslata
users. For exampleemt andR ZQHU V  H T X(DER) @divid Veted EbQ@dbe published for
different housing types, such as sinfgenily and multifamily unitsData on rent growth by
structure typavould have been particularly helpful durirgetCOVID-19 pandemic sinceuch
data would have helped policy makers and researchers assgisgttimehousing demand
towards singldamily structures. XEOLVKLQJ D IHZ 3D Yad&detotnittypesw - VHULH\
such as average rent obaebedroom otwo-bedroom apartment, would also likely be of
interest to some stakeholdéts.

Given growing interest in geographic variation in the price of housing (Diamond and
Moretti, 2021 Howard and Liebersoh2020), it would also be helpful to a range of stakeholders
to publish shelter price indexes for a larger number of metropolitan areas. Geographis detail
especially important for housing because there is so much variation in prices across and within
regions Guerrieri, Hartley, and Hurst, 201&urrently, BLS publishes shelter price estimates
for theroughly 20 metropolitan areas for which it also publishes a headline index. It would be
useful to publish shelter indexes Bofarger set ofocations, even if price changes for other
goods and services could not be computed for these &rtgpdating the geogphic sample of

2For examje, the OECD is looking into providing detailed housing levels data.

22The BEA Regional Economic Accourftstips://www.bea.q@/data/economi@ccounts/regionppublishes a
variety of data related to output and income for states, metrg anehsounties. Elements of their methodology
could be useful in creating geographic price indexes.
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the CPI every 10 years may not be sufficient to capture important changes in the geography of
housing, for exampléhereportedmigrations spurred by the pandemic. There could be
advantages to maintaiy a larger and more diverse sampléofising unitsacross citiegven if

other CPI items are not priced in those areas.

Recommendation 4.4BLS should publish additional detail on the housing components

of the CPI, such as indexes by structure type and for a larger number of geographic areas.
Broadening the geographic scope of the CPI could be facilitated-loykdeg the

housing sample frorthe samples of other CPI items.

Even within the context of the data sources that BLS currently uses to estimate changes in the
price of housing services, alternative methodologies have the potential to provide additional
insight.One issue emphasized a&kas that the current method causes the CPI to be slow to
reflect changes in rent paid by households because BLS assumes that rent change for the current
month is onesixth of the sixmonth changeA repeatsales methodology, which was designed to
infer high-frequency price movements from lowfeequency, overlapping price changes (Case
and Shiller 1987) has the potential to help BLS infer the rent change for the current month by
comparing the sixnonth change in rent in one panel of the CPI housingegunroverlapping
six-month changes in other panebsich an approach would providdimelier estimate of the
changes in the price of housing services. However, the standardseafesatethod would

require allowing the index to revise back at leastsdnths because each-snonth change
provides information about price changes over the previous six months, not only about the
current monthConsequently, this approach would not be feasible for the published GPI

CPIW, for which revisions are notlaived.

Recommendation 4.5BLS should consider publishing a supplementary CPI for housing
services that would use a repsates approach for inferring monthly rent changes from
all six panels of CPI Housing Survey d&baich an index would provide a maecurate
signal of highfrequency changes in the price of housing services.

4.5. OPPORTUNITIES CREATED BY ALTERNATIVE METHODS FOR ESTIMATING
PRICE CHANGE IN OWNER -OCCUPIED HOUSING

As outlined above, imputing rent for owreccupied homes works besghen there is a
high degree of overlapin terms of geography and housing quaityetween the market of
homes for sale and the market of homes for temputations of rent to ownerccupied homes
will be less accurate for situations in whigmntal and ower-occupied homes are not in the same
market. Examples of such market segmentation could occur {@herost of the owner
occupied homes in a neighborhood are shfigieily structures while the rental homes are
multifamily units,or (2) owneroccupied homgare located in neighborhoods with little rental
housingwhich often seems to occur in areas with very fgghlity housing units. In these cases,
a user cost approach might be helpful to improve estimatég girice ohousing services.
Further rese&h comparing user cost estimates to rental equivalence estimates would be valuable
in helping BLS learn about the types of housing units and/or markets for which each approach
would be preferable% /6 VKRXOG DOVR H[SORUH WKH SdRI2ERUWXQLW\ F
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Diewert, Nakamuraand Nakamura (200@nd Diewert (2011)which advocates for the
maximum of the rental equivalence and user cost approaches.

Alternative data sources have the potential to improve user cost estimates. For example,
deeds records provide sales price data for the vast majoptpérty transactions theUnited
Stateswhile property tax records provide the property charatiesisf these home3hese data
could be used to estimate the user cost for individual propertisspas byGindelsky
Moulton, and Wentland2019.

Although this panel is of the view that the rental equivalence approach should continue to
be the prinary method used in the CPI, there could be value to creating alternative indexes using
different methods. Such indexes could be useful for research purposes as well as potentially
address different policy nee(®ich as indexation}-or example, the creah of an alternative
housing index based on the user aystpportunity cosapproackswould help BLS learn about
the time series properties of estimating the price of housing services eseméthod.

Research conducted on data at the mevel would be valuable for testing where the rental
equivalence method is performing well and where it is having troubles, such as for pricing
housing services associated with highad properties.

Recommendation 4.6 As part of its research prograBLS shouldcompare rental
equivalence estimates to user cost estimates for individual proparicealso xplore
the opportunity cost approadResearch on alternative methods for housimgld lay the
groundwork for eventually publishing alternative housing indesasgdifferent
methodologies.

Accurate measurement of the price of housing services is even more important for the
creation of price indexes for subpopulations that havegaiahare of ownesccupiers, such as
the CPI for theslderly. For such indexes, the paymeafgproachmay have an even greater
appeal since owner payments are, in principle, easy to observe whereas the price of housing
services must be imputed. In additjdhe payments method may have an appeal for price
indexes used to index benefit payments for increases in inflikerthe CP{W, since the goal
of these indexes is to compensate households for inflation in the cost of consuming goods and
services pwhased with money. However, as discussed gllbggpayments made by owner
occupants refleanore tharthe cost to consume housing servitgley alsccapturenvesment
in housing Moreover theuseof a different method for a subindex than for kieadline CPI
could cause confusigiecause it would be difficult to know whether differential movements
were due to the focus on a particular subsantplne different methodologyr to different data
sources

Recommendation 4.7 For thepurpose of learning how the headline inflation measure
may differ for various subpopulatiofsuch as the CHE), BLS should use the same
methodology for the price of housing services as it does for the headline index. For the
purpose of creating alternad measures dfousingrelatedinflation, different
methodologies could be used depending on the purpose of the index

The top priority shoul@ontinue to bémprovingdatasourcesand methods to improve the rental
equivalencapproach that is suitablerfthe flagship CRU.
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APPENDIX 4A: HISTORICAL DEVELOPMENT OF
OWNER EQUIVALENT RENT ESTIMATION AT BLS

To understand the methodsrrently used by /6 WR PHDVXUH RZQHUVY HTXL
(OER), it is helpful to be aware of tikhallengeshe CPI progranencountered with the first
DWWHPSW WR PHDVXUH WKLV FRQFHSW GXULQJ WKH SHULRG
OERand how the methods usedlugnced subsequent BLS sampling and methodolagies
described by Ptacek and Rippy (201)ior to 1983, BLS measured the services of owner
occupied housing largely based on mortgage interest costs. The high inflation anedigitible
interest rates of thlate 1970s made that approach untenable, and there was wide consensus that
another approach was needed. After investigating the user cost and OER alternatives, in 1981
BLS announced that it would phase in the OER approach beginning inTt883nvolved
reweighting the tenardccupied rents to derive the OER estimates, along with some sample
augmentation of tenawiccupied units in heavily own@ccupied neighborhood&illingham,

1983; Gillingham and Lane, 1982)

Initially, as Ptacek and Rip2013)describel, BLS simply reweighted the tenant
occupied rents to derive the OER estimates, along with some sample augmentation-of tenant
occupied units in heavily ownerccupied neighborhoods. Beginning in 1987, however, BLS
switched to a sample that was sedecspecifically to implement the OER concept.

The housing survey that BLS used from January 1987 to January 1998 was designed to
implement the OER concept as understood by BLS staff in thd 880ds. BLS selected a
sample of renters to represent the teémpapulation and a sample of owners to represent the
owneroccupant population. The owners were then linked to a supplemental sample of renters
that were intended to be matched to those owners and be used to impute their changes in OER,
unit by unit.For example, BLS might select an enumeration district (a Census geographical unit
that was similar to a block group) that was predominantly owoeupiec? for example 94
percentowneroccupied. Within that enumeration district, a neighborhafqeerhap$0 homes
was selected argtreeedto find whichoneswere occupied by owners and tenaiitsen, if for
example47 unitswere ownetoccupied and 3 were tenamtcupieda sample of 2 owners and 2
tenants from that neighborhoatght be selectetb particimte in the CPI housing survelhe
selected units would complete a survey giving a detailed description of the characteristics of the
unit. The tenant units would be resample@-atonth intervals to capture rent changes.

Originally, the intention may havseento resample the owner units less frequently (maybe once
every couple of years), but because CPI rent changes of the-oeaugriedunitswere being
imputed from the tenasdccupiedunits, they soon decided that it was unnecessary to resample
the owne units.

The imputation procedure was complicated, but the essence was that each owner unit in
the sample would be matched to one or more tenant units, then the average rent changes of the
matched tenant units would be used to impute the rent changesafrier units. Each owner
unit would be imputed in the index calculation atsignth intervals, matching a panel of tenant
units sampled at the same frequency. The matching algorithm was run each time, so there was no
guarantee that the owner unit woulelimatched to the same tenant units every tailgough the
algorithm was designed to usually make the same matches.
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The matching algorithm went through a hierarchy of about six levels, first trying to find
the closest matches, and then if close matchesneefound, dropping to a lower level. The
levels emphasized geography. To take the earlier example, if the two owner units and two tenant
units were all single family, the algorithm would probably match each owner unit to both tenant
units. If one of tlke tenant units was in a multifamily apartment building, however, then both
owner units might be matched to the one skiigiaily tenant unit. The algorithm always favored
units from the same neighborhood, but if no tenant units were matched in the same
neighborhood, it would try to match units from a broader geography.

In practice, the methoehcountered severptoblemsOne was thathe tenanbccupied
units in predominantly owner neighborhoddeded to havhigh attrition.Owners sometimes
rent out their own homes for short periods while away for limited persag$h asn employee
on a oneor two-year assignmerat a field office While these shotterm rental arrangements are
not especially prevalent in aggregate, they may be an important source of rentals in
predominantly owner neighborhoods.

As time went by, the imputed changes in OER were being driven by fewer and fewer
tenart units, andhefew tenant units remaining in owner neighborhoods were carrying much of
the weightSince the introduction of the 1987 CPI housing sample, the OER index had
persistently increased at a higher rate than the tenant index, with a differaboeitd
percentage point per year (see Figuskell At the time, the reason for the difference was not
understood by the CPI program staff, as they regarded the imputation procedure they were using
as essentially a reweighting of the prices used inethant index. While it was thought possible
that the difference reflected a real difference in the inflation rates of the types of tenant units that
were most similar to owneasccupied units, there was also a concern that there may have been a
flaw in thematching process, which was considered to be a bit of a black box.

FIGURE 4A-1 &3, IRU RZQHUVY HTXLYDOHQW UHQW Dme@iotRU UHQW
19844998
SOURCEBLS, St Louis Federal Reserve
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In the imputation algorithm, th&month rent changes for OER were calculated using a
Carli formulaz WKDW LV WKH LPSXWHG RZQHUYJMnomtktw#D OHQW UHQ
calculated based on the average of the price relatives for the rents of thedrtahant units:

14 L 14y His Iy Amegg s

whereRit is the rent for a matched tenant un&ndQ; is the set of tenant units that are matched
to owner unif. It is now well known that the use of the Carli index for such calculations impart
an upward bias to the resulting elementary index (which in this case is an imputed rent for an
owner unit).

This problem was described by Armknecht, Moultamd Stewart (1995Wwhichrefers to
the averag@f-UHODWLYHV IRUPXOD DV D 36DXHUEHFN" LQGH[ 'LHZI
LWV HDUOLHU GLVFRYHUHU &DUOL DQG yQsed oyikpHemtie U P 36 D X
relatives have unequal weights.) Beginning in January 1995, BLS switched to using a Dutot
formula for the imputation:

AmagE®

The upward bias did not immediately go away. Addaiaciesearch showed that an upward bias
persisted with the Dutot formula when the imputations were based on a very small number of
matched tenant units, so about a year |&8e8 began requiring a minimum number of units to

be matched or else the matching algorithm would move to the next level up. With this additional
adjustment, the upward bias of the OER estimator had ceased by 1997.

However,by imposing this requiremenhdhe matching algorithm, the method was no
longer routinely able to match owner units to rental units in the same neighborhood, which
undercut the rationale for the overall methodology.

In 1998, BLS moved to a new housing survey and switched its OBfvduddgy to
resemble what had been used prior to 1987. Whdganel does not know the full details of the
motivation behind the shift, it seems that, at least in gaetnew approach was driven by an
understanding that it was problematic to attemgidsely match owner units to similar tenant
units2 especially in neighborhoods that were predominantly owner occupantsthat the
most practical approach was to attempt to reweight the tenant units to more closely resemble the
population of owner units.
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5
Modernizing Difficult -to-Measure Expenditure
Categories: Medical Care

5.1. MOTIVATION

Medical care is a large, growing, and at times rapidly changing expenditure casegbry
LGHQWLILFDWLRQ DQG P HibdésabhdRant®sreRdndd/iuidllyworhpléX R U  V
The domain ofnedical caren theConsumer Price IndexC@l) is limited to prices for goods and
services on which consunsanake direct oubf-pocketoutlays: (1) health insurance; (2)
prescription drugs(3) overthe-counter drugs and medical suppjié$) services from
physicians, dentists, and other medical professioaats{5)hospitals and related services

For the CPI, the expenditure weighsigmed to medical care reflectse share of medical
servicedirectly purchased by consumekealth insurance premiums (individually purchased,
Medicare Parts B and D premigpemployee share of employsponsored insurance) and direct
payments (retail yorchases, deductiblesppaymentsandcoinsurance) are therefore in scope
ZKLOH OHGLFDLG O0H GLF 2rdém3dayerpaidheadtiiigutans@rénsivmsare
out of scope

The focus on consumer purchasesderghe weightof health care in the CPI much
lower than it is in the Btional Income and Product Accounts (NIP®hich covers the entire
health care sectgnot just thegoods and services purchasiebctly by consumers)Reflecting
these differenbbjectives, the weigh of medical care ifPersonal Consumer Expenditureg
inflation in 2020was22.3percentwhereagheweightin CPlinflation was just8.9 percent
(Figure5-1).
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FIGURE 5-1 Weight of medical care (including health insurance) in consumfiation (%).
SOURCE Panelgenerated using BLS data.

Within the more limited scope of the CRkalth insurancpremiums aref primary
importance accounting foaround70 percentof RQVXPHUV | PH&ditui2zg3eé& D U H
Figure5-2. +RZHYHU DV GHVFULEHG EHORZ PRVW RI FRQVXPHUV
premiums are reassigned to the other medical expenditure cate@brassother major
categorie$ medical services, drugs, and medical suppglaad directly by consumefsmake up
the balance
Accordingly, the primary focus of the panel in the area of medical care is asghssing
current methodologgf the Bureau of Labor Statistics (BL®)y measuring health insurance
costs faced by consumers. In particular, we focus on theaptbsons of two different
conceptual frameworks for pricing health insuranbe indirect method, currently used in the
CPI, and the direct method, currently used inRheducer Price IndeXP@)) for health insurance
This chapteralso considers how viaus data sources (insurance filings, claims data, hospital
data, scanner data on drugs, etc.) could be used to improve the coverage, detail, and timeliness of
the CPI medical care index more broadly, more or less within the current framework
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FIGURE 5-2 Share of total health care expenditure in@f.
SOURCE Panelgenerated using BLS data

BLS collects many medical care services prices through its commodities and services
survey although it receiveslarge volume oflata on prescription drug pasfrom one firm* As
discussed in Chapter there are growingoncers that % / & §urrent surveysre becomindess
viable andoroducingless accurate datver time The nedical component of the CBurrently
has the lowest response rataongthe different commodities and services graufsshown in
Figure 53, that ratehas dropped significantB/down to around 40 percent over the past
decade reflectingphysicians and hospitalsatare not responding to requests for price
informationabout their services

thttps://www.bls.gov/cpi/factsheets/medicare.htnp
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FIGURE 5-3 Medical care response ratge(centageollected out of total eligible)
SOURCE:Panelgenerated, from BLS datat({ps://www.bls.gov/cpi/tables/resporse |
[rates/home.htm#Archived%20Response%20Rates

Much previous work has been devoteddmceptual measurement questions rdlade
how health care priceshould adjust foquality changeThe productivityliteraturehas
developedaconceptual framework fatefining the inputsof medical care in such a way that
they can be tied tthe outputsnd then prices appropriately quality adjustecettectresulting
improved health outcom&sMuch ofthis work has beedeveloped in theontext ofnational
incomeaccountingand, for reasons discussedsgction5.3 and elsewher@\NRC, 2002) may
not be completely translatable to the OPhe argumerfior a more limited approach tuality
adjustmentn the CPI is thathe uses to which it is patfor example, to index payments to
reflect costof-living changes on an annual basiare distinct from that aheasuring health care
inputs/outputs as covered in the PCE (to reflect welfare).

Because th specifications of Broadermealth/health care account have baditulated
elsewhereand becausthe charge here is to provide guidance targeted at data modernization
this report doesotdelve deeply intguality changeneasurement for the sectéris worth
reiterating howeverthatalternative data sources couid helpfulfor gauging quality change,
allowing for a more carefuhnddetailedtracking of the characteristics wfedical care inputthat

°Dauda, Dunn, and Hall (2019) examirguality-adjusted prices and productivity for three acute conditions;
Dauda, Dunn, and Hall (2020) evaluh&000+ coseffectiveness studies; Romley et al. (2019) coretletent
studies for 8 conditions; Sheiner and Malinovskaya (2016) and Cutle(2020) examine productivity forthe
Medicare population.
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consumers purchasesuch as insurance policiesnd of the outcomesxperienced by
consumers who undergo variomgdicalproceduresind othetreatments

5.2. PRICING HEALTH INSURANCE

Due toits relatively high expenditure shaoé medical care costaccurately tracking the
prices of medicaservices purchased througbalthinsurancas of critical importance to
accurately estimatingrice changes faced lspnsumersWe discuss twalifferent options for
pricing health insurancethe indirect pricing method currently used in the U.S. &#l tre
direct methodused for the PRhighlighting thepros and cons adach As explained belowhe
directapproachnvolves estimating total health insurance premium prieégde theindirect
approachnvolves pricing health insurancsing information alat retained earnings blended
with changes in the price of medical care

5.2.1 Thelndirect Method

The CPldecomposespending ornealth insurancpoliciesinto two componentg1) the
expenditures related to the provisiorsefvices provided by health insurance compahies
insurance, claims processing, and utilization manageraed(2) the expenditures used to pay
medical providers for cayas shown ifrigure5-4. In thisconceptualizatioof health insurance,
theinsurance compangan be viewed as actig an intermediary that does the actual
SXUFKDVLQJ RI PHGLFDO VHUYLFHV DQG WHts€holddht® OV™ WKHV
are viewed apurchasg medical servicel'om medical providersalbeit indirectlyand
purchasingnsurance services from the insurance compBh allocateghe part of the health
insurance premium that goes to paying for medical ser¥iedsch amounts tooughly 80
percene aZD\ ITURP WKH 3KHDOWK L @i ¥b Degiedserkiceg\catdddties D Q G
The remainin@0 percent the premium less the cost of the medical benefits, or what BLS calls
SUHWDL QH G iHabeleQals OKIND O W K 13 QatexthhPeGairet éarningscludenot
only profitsearned by the insurance compabytalso all nonmedical costs, including claims
processing, advertisingndtaxes?

3Sometimesonfusionarisesin discussion of health insurance prices because the PPI, the price of health
insurance refers to the price of the whole health insurance policy, without dogatah, whereas for the CHt
refers to the prices of only the services directly provided by the health insurer.
47KHUH PD\ DOVR EH VRPH FRQIXVLRQ UHODKNIA & MER WWKKLH XM D PH: GHW B L
more standard usage in acating. It can be thought of as the implicit service charge for the services provided
directly by the health insurance industry, net of the medical services that are bundled with the premium.
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FIGURE 5-4 Healthinsurance weight redistribution
SOURCE: BLShttps://www.bls.gov/cpi/factsheets/medicare.htn

Figure5-5 shows theelative importance of theomponents olfiealth costs in the CPI
afterthis reallocation has been do@nce the medical expenses paid for through insurance are
relocated to medical care, health insurance is a much smaller share of the medical €gustCPI
14 percentin December 2020 (as opposed to & Wddllocation 70 percentshown in Figure
5-2). To calculate the medic@PI, BLS obtains price quatéor each of the listed components
and weights them accordingljor example, for physician servicd, S obtairs prices for the
same service at thame physician over tim@o calculate the price of health insurance services,
BLS usesestimates ofltanges irthe ratio of insurance company retained earnings to medical
benefits which they collect once a yearhis annual relative is converted to a monthly relative
for the regularly published CBlY assuming a smootfhangean prices over the year.

250 Relative Importance in Medical Care CPI, December 2020

20%

15%

10%
5% I
0% [e— - [ | l l

Equipment Home Care Nursing home Eyeglasses Nonprescription Services by Dental services Prescription Health Physicians' Hospital
and Supplies and adult day and eye care drugs other drugs Insurance services services
care medical Services
professionals

FIGURE 5-5 Relativeimportance of components in medical c@fel, December 2020
SOURCE:Panelgeneratedising BLS data.

5The method is described in detail in BLS (2001) and in theMzflical Care Fact Sheet.
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Severakoncers havearisenconcerninguse of this indirect metho®ne is that thdata
on retained earnings acempiled annually and asevailable only with a considerable lag (about
10 months) To address this problem, the CPI pragria considering the use of quarterly data on
retained earnings instead of the annual data currergty us

Additionally, the insurance component of medical camlatile. As shown in Figuré&-

6, thae is much more volatility in the prices thie health insurance component tirathe other
medical service componeni&his volatility likely stems from the fact that retained earnings are a
residual and gelatively small share of the health insurance premium.  Tunexpected changes

in utilization from year to yeacould lead to large swings the ratio of retained earnings to
medical expendituresnd therefore to the price of health insurance in the [&rlexample,

when utilization increasamore than expectedgtained earnings will fall alretained earnings

as a share of medical expenditures will fall even more. In contrast, expected changes in
utilization will boost the premium and not have much effect on retained earmhigsolatility

was likelya particularly big issue in recent yeaiventurmoil in the individual and exchange
based health insurance market associated witAffoedable Care Ac{ACA).

Finally, the approach doe®t attempt tcadjust for changes in thggiality andquantity of
the insurance services provided. For example, if the risktastrophic medical expenses
increases over time, the value of insurance would likewise in¢crexase holding expected
medical expenses consta8imilarly, if a particular policyncreased in price because it lowered
the probabilityR 1 3V X U S U L"Vhelt fide @dageJshould be viewed as an increase in
guality, not an increase in price as would be recorded in the CPI.

FIGURE 5-6 Pricesof medical service components of the CPI, 28020 (percenichange)
SOURCE:Panelgeneratedising BLS data
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5.2.2.The Direct M ethod

BLS uses the direct method to measure the pathsalthand medical insurance carriers
in the PPl Unlike the indirect method, thdrect method price$ealth insurancerpmiunsas a
wholerather than as a residudhe method involvesijrkt, selectinga set of health insurance
policiesto price then, br each policytrackingthe priceof the policies ovetime holding
constant the age, health conditions of the applicant, coverage, deduatidlespays.

A dataissuefor the direct method is thatentical poliges are not always available (or
offered) forcomparson from me periodo the nextin such case8LS asks the insurance
companisto assign a value to the risk change associated with the change in policy
characteristics to maintain constant quality. Since policies are repriced when they are renewed,
companies shouloh principlebe able to provide this information in the rate deteation fora
givenyear.Broadly speaking, it is a challenge to estimate the health insurance value to
consumers in terms of risk management.

5.2.3.Comparing the Methods

A key question is wheth@LS should switch it&€PIl approactof pricing insurancerbm
the currenindirect method to a direct method more akin to that used in thé®©PBburse, the
appropriate price indewill depend orwhatit is used for As discusedbelow, from a cosof-
living perspective, an increase in spendindealth insurance that reflects increbealth care
expenditures from improvements in technol@ggn increase in real spending, not in prices
Because the CPl is intended to be a doymhl costof-living measurean ideal index would
fully control for changes in quality and utilizatiomer time and we evaluate the two methods
under this framework

It is worth noting that BLS has been weighing the relative merits dafitfezent
approacheto pricing health insurander some timeln response to the Boskin CommissipnN
(Advisory Commission to Study the Consumer Price Ind®26)estimation of anrnual
upward bias of 3 percentage points for hospital and related services in the CPI, BLS began
investigating approaches to addressing problems cited in that report which mainly had to do with
the difficulty of capturing the benefits of new and improvechhologies and treatment methods.
One approach was the direct pricing of health insurance done through the collection and quality
adjustment of health insurance premiums daitd, at the time,%/6 GHFLGHG WKDW 3WKH
RI DGMXVWLQJ SUHPLXPV IRU XWLOL]DWLRQ (C@enleesVKHU TXD
2006, p. 33

SExactly how to control for quality is a very complicaisdue particularly because the health care system
tends taallow the consumer limited choice about the quality of health care. Thus, an improvement in quality that is
worth its cost to the average consurard hence counted as a price decrease may be viewed as a price increase by
consumers who do not value the improvement as highly.

When it comes to an appropriate index for benefits like Social Security or chdcetdits, policymakers may
ZDQW WR HQVXUH WKDW L QF U HDevéhVf ste@miid<frdn? imRrovamentRin héatib@re/ K FD U H
lead to an increase in benefits such that households would be able to afford both the improved health care and the
samebasket of nofhealth goods as before. We view that as a policy question that is beyond the scope of this
chapter.
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As noted, oe source of discomfort with the indirect method is the volatility of the price
relative for health insance in the CPI. Indeedomparingprice change fonealth insurance in
the CPI tathat as measured Itge PPI(Figure5-7, left pane), the latterappears lesgolatile.
But this isnot avalid comparisorbecausgas noted above, health insurance services in CPI are
quitedifferentin scopefrom health insurance services in the PPle PPlprices the whole
policy rather than splitting it into health insurance and benefits components as is done in the
CPI.” A morerelevantcomparisorwould bebetween the PPI arestimate of CPI price changes
for thewholeinsurance policysinga weighted average of the health insurance component and
the medical price componentHowever, BLS does not publish the datxessary to perform
that calculatiorf.As shown on the right side of FiguseZ, when comparing total medical
services in the Bl (which include health insurance costs) to the PPI health insurance madex,
obvious pattern of differences in variability emerges

FIGURE 5-7 Performance of CPI and PPI health insurance price indexes
SOURCE:Panelgenerated using BLS data

Conceptual Comparison

The indirect and direct methodgfer conceptuallyin three wayswhich are described
mathematically irAppendix5A. In order to provide a meaningfabnceptuatomparison
between the two methodZH IRFXV RQ WKH 3ZKROH SROLF\" SthatFH XQGH
LV WKH ZHLJKWHG DYHUDJH FKDQJH LQ WKH ®&iriedbfRI &3, 3Kl
themedical servicenanced by health insuranckhis is the price change the indirec¢tmod
implicitly uses forthe change in price of health insurance policies and is directly comparable to
the price change under the direct method.

The scope of the PPI and the CPI differ in other ways as well. For examplethe PPI includes all revenue
received by insurers, employeV ] FRQW U L E X W Lhes@centDidutidbntale exéilRI& Hithe TP, as is
Medicaid much of which igprovided by commercigl managed care companies that are within scope of the PPI.
And, of course, the CPI Medical Care index also includes poiciésms not paid for by insurance.

81t is difficult to even do a rough estimate because the shares of different compdnesyital, physician,
health insurance, drug, etc. in covered medical expénsage shifted a lot over time.
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Three conceptual differencbstween theirect and indirecinethodsare as follows:

1. Although themeasurement ideal of both methods is the Satodrack prices of
constant quantity, constant quality insurance politidge direct method prices a
fixed health insurance poliagg such a way that adjustment @xpected changes in
utilizationis limited,® while the indirect methodttempts to capture the pure price
changesn health insurance as distinct from quantity changes

2. The indirect method is an gost measure. Because it relies on retained earnings, it
asks:Whatwere the costs ohsurance per unit of health care that a consumer
experienced? The direct method is araete method, capturing what the consumer
actually paid for insurancgvhich doesot depend on whether utilization turned out
to be unexpectedly high or low.

3. The indrect method relieso® /6 TV SULFH PRiddeNyXghedicdlsetyices
while the direct method does néts discusedbelow, in some cases, the direct
method will do a better job of capturing cost savitiggare the result of substitution
between méical goods and services.

As we discusselow, neither method isreidealmeasuref healthinsuranceprice
inflation, but thepanel believes that thedirect method is on the whole less likely to conflate
quality/quantity changes with pricdanges’®

Changes in Utilization
The direct method simply prices health insurance policies, holdied aspects like the
demographics of the polidyolder and the financial attributes of the poRcgoinsurance,
deductiblesand the likelf health utilization increases over tirfog a given set of policy
attributes the direct method will attribute those increases to health insurance pricestrast,
underthe indirect method, expected changes in utilization thabtlaffect retained eaings per
unit of medical care are not countedaasincrease in thé Z K Rpfidd” of health insurancéhe
health insurance services plus the medical services financed through insurhates) because
the indirect method is based oy the price oimedical service3 e.g., the price of a cataract
operatior? and the retained earnings of insurance companies. An increase in premiums because
an insurance company expects to pay for more cataract oper&tioesamplewill not show up
as higher medical pre inflation using the indirect methgdalut it will using the direct method.
Indeed Appendix 5Ashows that, abstracting from data issties,direct method price
relative is equal to the indirect method price relative multiplied by a factor reflecting the
growth in utilization . When utilization increases from one period to the next, the direct method
will show a larger increase in prices than the indineethod the converse is true when
utilization falls

9 The direct method used for the PPI does attempt todumistanexpected utilization tied to individual risk
factors.However, &@ogenous factors shifting utilization independent of enrollee characteristics (e.g., introduction of
a new treatment) will gerally not be captured.

NIndeed, the problem of not measuring the quality/quantity of financial protection offered by the insurance
policy is common to both approaches.
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A key question is the extent to whichanges in health insurance costs over time result
from improved quality or increased quantity of the health services covered by that insurance, and
the extent to which they represent increases in pfmethe samé&eatmentsMost economists
believe thatheincrease in health spending over timé&argelythe result of improvements in
technology, rather than increased costs for the same services (Smith, Newhouse, and Freeland,
2009. Some new technologies are more expensive but also havedutttemesFor these
technologies, spending increaseer timeboth because treatments are more expensive and
because the improved outconmeay make the treatments helpful for more patiehts.
examplethe technologies used ianal dialysis theraplgavegottenmore expensive butetter
over time leading to shortetreatment times anldwer side effectsAs a result of these improved
outcomes, thelinical criteria for prescribing such therapywk@&xpanded, leading to a dramatic
rise in the number of dialysis treatments over the past 30 (@83, 2008 CDC, 2021) Othe
technologiedower treatment costs per patightt still lead to higher health spending because of
their wider use. For examplénprovements in cataract surgery greatly reduced the cost of
treatment bulted to afour-fold increase in the incidence of the surgery (Shapiro, Shapiro, and
Wilcox, 200]) and increased spending on cataract treatnoseisll.

A consumer buying health insurance in 2@2getting a lot more insurance than they
were in 200G they are getting more and better treatments if tieeyecancer, have a heart
attack, get hepatitigr have other condition3hese serviceshould be viewed as an increase in
the real quantity of health care consurdeat, equivalently, as an increase in the quality of the
health insurance policynot an increase in priceBut because the direct method simply prices a
SKHDOWK LQV X Wha@ét of dbtibOeb iFWill dttribute mosof these increasean the
guantity and quality of health serviceshealth insurance inflation

When major changes in technology occur that are expected to significantly increase
health spending (e.qg., tilew drugs to treat Hepatitis C), BLS asks insurance companies to price
coverage with and without the cost of the new technodogihat they doot attribute the
increased premium to pricdsut it is not clear how effectively this is doi@irrthermore, most
increases in utilization are less dramatic and unlikely to be picked up in this manner. For
exampletheimprovements in cataract surgetgscribed above occurred gradualiyoughout
the 1970s, 1980s, and 199@sd it is very unlikelyiatthe direct method would adjust fibhrese
types of quality and quantity changes

Ex-Ante \ersus ExPost Utilization

The indirect method is an g@ost measuref the price of health insurance serviéasis
EDVHG RQ LQVXUDQFH FRPSDQLHVY DFWXDO SURILWYV DIWHU
insurance companies will have lower retained earnings because they will have paid out more of
their earned premium income through claims; if utilizai® unexpectedly low, the converse
will be the case(ln contrast, if utilization is expected to be high, that will show up in premiums
and not retained earnings.)

Thus the indirect method ask¥vhatwerethe costsof health insurance servicpsr unit
of medicalservicedor someone who bought a health insurance policy in a particular year? If
utilization wasunexpectedlyery high, the measured price of insurarsggviceger unit of
health care will be low (both because the numerator of the [petzned earningss low and
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the denominatojguantity of health servicgs high), and if utilization was very low, the
measured price of insurance will be high.

But the price a consumer faces when choosing whether or not to buy a policyis an ex
ane price? consumers have to purchase insurance before they know whether there will be a bad
flu season or some other unexpected occurrence that affects utilization (like QOVMhen
they purchase insurance, they are buying a product that will pay foe (s0) their expected
health care expenses and for protection from a catastrophic financial loss due to a large medical
expense that might happen in the future.

The direct method, in contrast, is araxe price it simply measures the price a
consumer pgs for a particular health policy at a given time (holding constant, to the extent
possible, the features of that policy like deductibles and coinsuranttjere is a bad
unanticipated flu season, the direct methdétnot show a lower price dfiealth insurancd=rom
WKLY SHUVSHFWLYH WKH GLUHFW PHWKRG VHHPV SUHIHUDE:«
and services are priced. For example, the cost of a gym membershiptdegend on how
many times people visit the cldbAs discussedddow, however, health insurance companies are
sometimes required to provide rebates to their customers if utilization turns out to be too low
relative to premiumé&

The expost perspective creates volatility in the index, but it choebias it. Years of
higherthanexpected utilizationvill be balanced by years of low#ranexpected utilizatiomnd
higher costs

Quiality Adjustment Problemdsingthe Indirect Method

Although the discussion abogeggestthat the indirect method less likely to conflate
increases in quantity and quality with prices, it is not perfidet. indirect methodelies onCPIs
from BLS for physician services, hospital services, prescription damgspther cost® capture
the changing pecesof the medical services provided through health insurarte=prices of
medical services as measured by BLSwofully control for changes ithe quality of the
servicedDunn Rittmueller, and Whitmire2015, meaning thathe indirect method wiltill
ascribe some increasi quality to higher pricedzor examplethe consumeprice index for

HBLS uses thalirect method to price other types of insurance in the?GRj.,auto anchomeowner$as well
asproperty and casualipsuranceTo price those policie8LS holdsthe characteristics of the insured property
constant OLNH WKH W\SH RI FDU IRU DXWR LQVXUDQFH DQ G thhekethsed, |H RI WKH
there is less concern that ongoing quality changes imiithods used to address dam&gesy., in the methods
used to repair cafswill lead to quality changes being assessed as price ch&@gepotential counterexample is
the effects of climatetmngeon KR P HR Z Q H U \&ff dliQatexcbabde boosinsurance premiums because it
increases theeverity and frequency of damagi¢ss unclear whether the CPI should treat those higher premiums as
higher prices, and how much they should be viewddgieer quality, since any given insurance policy will be
providing a greater degree of financial protection and éggdggayouts.
2"H DGKHUH WR WKH YLHZ RI WKH &3, DV D 3FRQGLWLRQDO FRVW RI OL
whether or notttere was a bad flu season or pandemic. Thus, wetdhink it is a problem for consumers to
DSSHDU SEHWWHU RII" ITURP WKH S XU FKthéfdndeimit @adX pebple brsSofflbutQJ D SD Q(
the insurance itself made them better off. Our psimiore about the knowledge people have when they choose to
purchase insurance. If they dot anticipate the pandemic, then theyl not view insurance as having a low price
even if, ex post, after the pandemic began, it is clear that they are much better off from having the insurance.
BThe question of how to treat rebates makes this discussion of exeasuieex postapproachemore
complex. We turn to thosissueshelow.
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hospital servicemight price the costs of hospital stay for a particular causeay a hip
replacement over time. If the outcomes from hip replacements are improving because of new
technologieghat cost morgthisincrease in quality will not be capturadd will instead appear

as a price increager hospital servicef coursepoth the direct and indirect methods will miss
this quality improvement.

But there is one situation in which the direct methay beter captue quality changes
than the indirect methoth the direct method, a switch from one foofrtreatment to anothér
say a switch to medical management from surgery, or asawsig switch from inpatient to
outpatient caré will count as a lower price of health insurance, whereas in the indirect method
(which relies orCPIs from BLS thaview inpatient and outpatient care as separate sejyvites
will not. In other wordsthe direct method solves the outlet substitution bias that plagaeg
other categories of spending in the CPI.

It is an empirical question which method overstates the true rise in health insurance costs
more.The indirect method doe®t count increases in utilization over time as price increases,
but it also doesot captire any savings frormomecostsaving shifts in treatment&xamining
changes in totapendindy illnessfor a group of commercially insured individuals from 2003
to 2007, DunnLiebman, and Shapif@014)examined changes in the costs of treatments for
specific conditions over tig? thus capturing any costs changes frowdificationsin the
location or method of treatmehtand found that the shift toward greater intensity of service use
outweighed the savings from shifting forms of cdm@wever, ovethis time periogthe number
of treatment episodgmerbeneficiaryincreased 1.percentper year. Thus, for this population
and time period, the direct method (which would include the increase in the number of
treatments as an increase in price) woulcehaverstated inflation in health insurance costs
substantially more than the indirect method

In an attempt to provide more intuition about the two methbalsle5-1 providessome
examples of how differenypes ofchanges in health spending affect measured health prices
using the indirect and direct metholl¢e distinguish betweerhangeghatwere anticipated (and
henceare reflectedn the premiumand donot affect retained earningandunanticipated (in
which case they amot reflected in the premium and hence affect retained earfHii'gs.
compare the treatments under the two methottsoe that would be captured by a theoretically
ideal CPI.

The indirect method handlesiticipated changes in medical care prices and utilization
(shown in the first two rows of Table® appropriately, and it also handles unanticipated
changes in medical care pricesw 6) appropriately. However, in the case of an unanticipated
increasen utilization (row5), the indirect method registers a spurious decline, while in the cases
of anticipated or unanticipated changes in treatment technologies that reduce the cost of treating
a disease (row8and 5), the indirect methamerstatesnflation. Note, however, that the
distortions to the indirect method from unanticipated changes do not affect the behavior of the
index over the long run, as expectations will eventually catch up with current conditions.
Neither the direct nor indirect methadll capture changes in consumer welfare arising from
guality improvements that exceed their pricavs 4 and 8). To get this right would requare

HIn these examples,erassume retained earnings are a constant share of anticipated medical spending.
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very different approach to price measurement, similar to that used in Cutlef2€24), Dauda,
Dunn, anl Hall (2027), and Sheiner and Malinovskaya (2016).

TABLE 5-1 Impact ofChangesn Health Spendingn Measured Health Prices Usitige

Indirectand Direct Methods

Effects of Increases in Health Care Spending on
37TRWDO +HDOWK ,QVXUDQFH” 3ULFHV '"HSHQGLQJ RQ 6

Source of Spending Increase Effecton| Effecton | Effecton | Effect on Effect on Effect on
Premium| Retained | Measured| Health 37 RW [ Theoretically
Earnings | Prices of | Insurance Health Ideal CPI
Medical Price Insurance
Goods and Direct BULFH
Services Method Indirect
Method
Anticipated increased utilization . .
(more surgeries, more tests, etc.) Higher None None HFigr]irc]Zr None None
Anticipated higher prices of . . . : . . .
physicians and other providers Higher None Higher HFigr]iZZr Higher Price| Higher Price
Anticipated cossaving change in .
form of care (inpatient to outpatient Lower None None LFc))r\;\éeer None Lower Price
drugs instead of talk therapy, etc.)
Anticipated increased price and . . . : : . 5
quality/intensity of caraithin a Higher None Higher legr]ifgzr Higher Price] Ambiguous
service that BLS prices like a
GRFWRUYV YLVLW KL
etc.
Unanticipated increased utilization .
(moresurgeries, more tests, etc.) e. None Lower None None Lower Price None
a bad flu season
Unanticipated higher prices of . 5
physicians and other providers None Lower Higher None Noné None
Unanticipated cossaving change in . . .
form of care (inpatient to outpatient None Higher None None Higher Price None
drugs instead of talk therapy, etc.)
Unanticipated increased price and None Lower Higher None  Higher Price] Ambiguous’

quality/intensity of carevithin a
servicez e. g, GRFWRUTV YL
replacement, steAtthat BLS prices

Choice ofProvidersAvailable tothelnsured

if value of increased quality/intensity exceeds its price, Lower Price. If value is equal to price, No Change. If

value is lower than price increase, Higher Price.

¥When prices are unexpectedly higher, retained earnings are unexpectedly low, offsetting the price increase.

This can be seen by noting that prices do not appear in the comparison between directeztdniettiods (see

Appendix 5B).

YIf increased quality is valuable, the effect is a lower price. If increased intensity is not valuable (ineffective

treatment), the effect is a higher p

rice.
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Neither the direct method nor the indirect method as currengiemented by BLSully
accounts fothe quality of health insurance services, which can include the provisiorhafi24
hotlines,good customer servicand, most especially, the breadthlud provider network(The
indirect method will capturthe differencen claim rejections by different insureasd, to some
extent, ouof-network generosity as thegal affect the share of the premium thainsretained
earnings.)

A Suggested Alternative Indirect Method

As shown inAppendix5B, the indirect method as currently implemented by BI2S
prices the cost of health insurance services per unit of lezaktif the services provided by
health insurancare considereds primarily related to claims processing and other administrative
costs, this makes sendde cost of insurance is like a rkap on the cost of the health care.

Another approach would be to view the quantity of health insurance purchased as simply
1 per policy. Under that approach, the health insurance costs would simply be the ratio of
retained earningger policy, rather tharetained earnings panit of health careThe appeal of
this alternativeapproach is that it recognizes that health insurance is valuable regardless of
whether any health care is used atiallother wordspart of the policy reflects the financial
protection it providesin addition, having health insurance also all@axnsumeaccess to the
prices negotiated by insurance companies, which tend to be lower than those charged to
uninsured consumers.

With this alternative methodologit,would still be the case that when utilization is
unexpectedly low, health insurance would apmeg@ensive, because retained earnings would be
high. But the effect would be smaller than under the current implementation, when not only are
retained earnings low, but retained earnings per unit of health care is particularly low.

Scope andCompositional Effects

The direct method prices particular health insurance policies for ago@df insured
people? that is, BLS asks the insurance company for the price of health insurance for a set of
workers (56yearold smoker30-yearold married womanetc.) for a fixed policy with a fixed
structure of copaymendleductilbe, and outof-pocket maimums Thus, changes in the
demographic composition of the populatmrthe types of plans offeradll not result in
changes in the cost of h#ainsurance using the direct meth§d.

By contrastas currently implemented, the indirect approach takes a unit value
approact? it simply lumps together all health insurance policiesraedsures the ratio of
retained earnings to benefitegardless of whether these policies ardai@eemployer
sponseoed insurance, individual plans, plans sold on the ACA marketplace or in thegsoal
market,or Medicare Advantage Plans @aope for services paid out of Medicare PametB). If
different planshavedifferent retained earnings ratios, then changelse composition of plans
will lead to changes in measured pridésr example,he ratio of retained earnings to premiums

850me important changes are not well accounted for, howeverdinglchanges in the choice of health care
providers who are imetwork.
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is higher for individual plans (around percen} than for group plans (arourié perceny, so
changes in the composition of timelustryaffectthe growth rate of the health insurance CPI
which pools all plangCicala et al., 2019)o the extent different plans have different retained
earninggatiosbecause they offer products with differéatels of servicée.q.,if individual
plans are more expensive becauseaverageheyinsue higherrisk peopl@, the unit value
approachmay be biased
Two additional problersarethat the plans for which there are data a)en6t
representative of the plaimsscope for th€€PI and ) not weighted properly based on their
weight in the CPIThe data used by BLS to calculate health insurance @redsased on
insurance filings with state insurance commissiorteesizinsuredemployes (employershat
pay for medical costs ictly, even if they hire an insurance company to manage their health
plan)are not subject to state insurance reguladioth do not post information with insurance
commissionersHowever, theyare in scope for the CHh thatthe premiums and owtf-pocket
costs of workers with insurance from a saured employer areountedn the medical
expenditure weighin the CPI Abouttwo-thirdsof workers with employesponsored insurance
are in selinsured plans, so this issignificantomission(Kaiser Family Foundatiqr202G).*
Because employers with seffsured plans pay the medical expenses of their employees directly,
thereisnowayLQ ZKLFK D VXUYH\ FDQ FDSW XU HbédatteWike€ysHic HD U QL
selfinsured plans aralmostall working forlarge employergbecause large employers anecch
more likely to seHinsureandbecause thegmploy many more workexgetainedearnings from
ODUJH HPSOR\HUVYT FRPPHU FdolOldbekuddiuOag/akprox VXUDQFH SODQV
An additional problem is thahe CPI weights reflect the costs of health insurance plans
covered by individual$out-of-pocketcosts? this includeghe entire cost of the policy when it is
purchased on the individual markete aftersubsidycost to householdsho get their health
insurance through the ACA exchanges, AW\KH HPSOR\HHfV VKDUH RI WKH SROL
purchasedn the emS O R\ H U 1 ¥ TRédurkekt Wiethod simply lumps together all of the sold
policies regardless of their weight in the CHlretained earnings ratios vary systematically with
the type of plan purchaggthis will distort the CPI.

Timeliness
One disadantage of the indirect method is thetained earnings are only measurable
after the factThat is, when an insurance company sells a pdieycompany doawot know
whatits retained earning@remiums less benefitg)ill turn out to be Furthermorebecause of
data constraints, the data for the ratio of retained earnings to benefits are calculated with a long
lag. In particular, much of the retained earnings data come from the National Association of

Companies that act as a servicer for-safiployed plans are likely in the PPI, although their weight is likely
to be very low because their revenuwgh not include any costs of medical care.

20An additional complication is the tax treatment of healthiiasce. Most workers who pay a part of their
health insurance premium do so through apaferred vehicle, so that the true-ofipocket cost is lower than the
cost of the premium. The CPI does not typically account for tax sub3itbegxample, it dognot lower the share
of housing in the consumption basket because of its favorable tax treatment. But because people getting their health
LQVXUDQFH WKURXJK WKH $&%$ H[FKDQJHV SBsedpré®iuntiess A Rk subkidyw LV UHD
the weght in the consumption basket will reflect spending after taxes, whereas the weight for premiums paid for
employersponsored insurance will be a fiax weight, thus overweighting that component.
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Insurance Commssoners(NAIC) Statistical Compilation of Annual Statement Information for
Health Insurance Companjeghichis usuallypublished in October or November of the year
following the year in reference. For example, aggregate retained earnings for the year 2020
would not be published by NAIC until October or November of 2021.

As noted above, BLS brings the changethenmeasured price of healttsurance
gradually? by taking the 12 root of the annual change tine ratio of retained earnings to
benefits?* Thus, it takes another year before the full cost of health insurance is included in the
level of the CPF making it a very lagged indicatorhe majority of peoplewith insurance have
plans that start in Januatyor example, 7f4ercentof people with employeprovided insurance
have planshatstartin Januaryand premiums change for ACAnd Medicare Advantag#ans in
January as we(Kaiser Family Foundatior2020b) Thus, price increases occur in January
most peopleHowever beause of the 9to 10-month lag in the informatioan retained
earnings, and the 12 months it takes for the prices to be fully incorporated, theretis 2221
month gap between the actual price change and when it is fully reflected in the CPI.

Rebates

TheACA included a provision that limits the amount of premium income that insurers
can keep. If the Medical Loss Ratio (ratio of benefit payments to premisitasy thar80 or 85
percent (depending on the market) overyear period, the insungae company has to rebate the
difference to the policholders in thehird year (For example, rebatgmid in 2021are
FDOFXODWHG XVLQJ LQYVXUH2020%thépalidy Rokledri? 0D &udivel theR P
rebates using that calculation.)

Rebaes clearly lower the price of health insurance, and pblitgters may expect
rebates, so rebates may even lower the price of health insurance consumers perceive when they
buy it. Thus, it seemthatrebates should be deducted from the cost of the pdieytae fct.
The direct method used by the PPI does subtract rebates from the cost of the policy, but it
VXEWUDFWYVY WKHP LQ WKH \HDU WKH\ DUH SDLG UDWKHU WKI
example, rebatgzaid in 2021are subtracted from 2021 health policy prices, rather than those in
2020.) Currently, the CPI does not include any rebatéds retained earnings used in the
calculation are preebate The data on rebates used in the PPI should be used to adjust retained
earnings in the CPI.

Falling Response Rates

As discussed abovsurveyresponse rates from health providease been falling in
recent yearamaking the pricesn which the indirect method relies increasingdyiable and
possibly unrepresentativAn alternative source of data that mighthe near futur@rove useful
in countering this deterioration of informatistems fronrecent federal efforts to improve
transparencyn the health care sect@ne such initiative ithe HospitalPrice Transparencyule,
which requires hospitals to display files on their websites containing-ppgeific negotiated

24if the ratio of retained earnings to benefits increasesié# one year to the next, the BLS assumes that
pricesrise roughly0.5% per montt? so that by the end of the yetre total increase in price will be 6%. But policy
increases happen at the beginning of the policy year and all at once, so thissoetkadsatunderstatethe level
of prices.
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charge and cash prices fat least 300 of theservicesTo date, compliance with this
requirement has been extremely I&ulowever,in a bid to improve ampliance the Biden
Administrationsharplyincreased the penalty for noncomplianeh the higher penalties
beginnirg on January 1, 2022 The Health Plan Price Transparency Initiative similarly requires
insurers to post prices farwide variety of madal goods and servicethat requirement begins
on July 1, 2022If successful, both of thesaitiativescouldprovidea readily available, loveost
source of price information fanedicalservices.

In addition, BLS has been exploring the uselaims data in order to capture prices. That
work, though preliminary, shasypromise, especially for piiteg physician services.

5.3. OPPORTUNITIES AND CHALLENGES

Forthemedical car&eomponent of the CPthe mostimmediate methodologicalecision
facing BLSis whether to continue pricing insurance using the indirect (retained earnings)
method obegin migratingo a direct pricing approachAs discussedbove neither the direct
nor the indirect method is conceptually ideal. The advantages of therdet#wdover the
indirect methodnclude the fact thathe direct methodeflects the price of insurance that
consumers face at the time of purchdbat it istimelier, and that it will capture cost savings
arising from shifts in the form of medical c&re.g., fromaninpatient hospital to outpatient.
However, anajordownside of the direct method is thaithout correctionst will mislabel
increases in utilizatiod either reflecting increased usage of existing medical treatments or of
newly introduced treatmentsas changes in prices rather than quantities; the indirect method
will not count increased utilization as a price incre@een that increased utilizationdbeen
an important source of increased health spending over time, this deficiency seems important
enough to give the advantage to the indirect method.

In addition if the ultimate goal is to fully quality adjust changes in health care over time,
it would be impossible to do that witho@I HWWLQJ XQGHU WKH KRRG™ RI WKH K
package and pricin@and quality adjustinghe underlyingnedicalservicesseparately from the
health insurance servigeshich only the indirect method does.

Recommendaton 5.1 The indirect methotiaspracticaladvantgesand therefore
should in the short to medium runpntinue to be thenethod for pricing health insurance
in the CPI

The above recommendation notwithstandihg panelecognizsthat falling response rates are
making reliance on the indirect method increasingly diffidalirthermorethe panel was unable
to compare the differences betweenitigirect and direct methodasnpirically. Thus,this choice
needsongoingattention.

2’Documentation of this point can be found here:
https://healthcareexecintelligeg healthitanalytics.com/news/hospitfd-shortof-price-transparencyule- |
compliance
Zthtps://WWW.cms.qov/newsroom/pre&Seases/cmsppsasdinal-ruIeincreasespricetransparenc-\patient |
|sakety-and-accessyuality-card
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Reammmendation 5.2 BLS should explore the historical differences between the

indirect and direcinethodsdoing a true apple®-apples comparisod 3ZKROH KHDOWK
LQVXUDQFH SULFH GHIODWRU®™ WKDW LV D ZHLJKWHG DYH
insuranceadeflator and the various deflators for the medical services financed by

insurance should be calculated and compared to the deflator used in the direct approach.

If this research reveals that the two approaches do not differ greatly historically

(particulaly after our recommended improvements to the indirect method, discussed
below),BLS could revisit its reliance on the indirect method.

Initially, work on the direct pricing of health insurance would be conducted as a research series
(as opposed topublished series). Researchers should have access to working papers on the
topic.

Recommendation 5.3BLS shouldpublish the whole health insurance prftiee

weighted average of the health insurance deflator and the medical services deflator)
eitherin adlition to or perhaps instead of the insurance component separdtely
volatility shown in thensurance services component of the total health insurance price
index has been a source of concern for users.

We showin Appendix5A that part of this volality mayreflect unanticipated price changes that

do notaffect the total health insurance price indexrove the price of insurance services and

medical services in opposite directioRsirthermore, there is a great deal of confusion about

what the hedh insurance services component of the CPI is capturing, with many people
EHOLHYLQJ LW LV WKH 3ZKR OHikK tHORPR\VitstdaQ of just hiQHebddthSUHP L X P
insurance services componehiis is particularly problematic given the differences lesmw

what is being priced in the PPI for health insurers and the CPI for health insifablghing

the whole health insurance premium index will provide useful information to users and will serve

to clear upconfusionamong users

Recommendation 5.4BLS shouldconsidera number opotentialimprovements tohe
indirect approachlo better cpture what the consunssgictually pay for insurancend

which does not depend on utilization rates, BLS should explore usmifigearrolling
average of retained earnings per unit of health services (where retained earnings equal
premiums, less medicakpenses), rather than an annual value. This approach will mean
that actual changes in the cost of health insurarstemming from changes in

regulation, market structure, or technol@gyill show up more slowly in the CPI. But
these could be worth it to lse the problem of excess volatility.

Such a method is used the Bureau of Economic AnalysiBEA) and indeed in the national
accounts of most countries for property and casualty insurempatticular.the price ofthese
insurance servicds approximated by geometricallyweighted moving average of past ratods
retained earnings to benefithe weight on the most recent year is 0.3, the weight of the
preceding year is (0.3)(0.7), and so(@men and Fixler, 2003BLS should assess the effects of
such a change on the volatility of both the pure insurance services component of the index and
thewhole health insurandadexthatincludesthe medical components
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Ideally, information on retained earningbould be obtainely type of health insurance
plan, instead of using a unit value approdahthe extent that different types of plans have
different retained earningatiosbecause of the costs to the insurer of covering them, changes in
the compositia of the insured shoulabt be captured as a price change.

Recommendation 5.5BLS shouldconduct research infaricing differentplan type
separately, and then weigiyg the price changes by the eaftpocket payments for each.
In addition, the current approach completely omits the price of health insymavoged
by selfinsured employers, even thougbsts borne by the employees of these firms is
included in ouof-pockd spending. Because most seléured plans are very large
employers, BLS shoulmnpute prices for these plansingthe retained earnings tzfrge
commercial plans.

Also, aurrently, there is a very long lag between the time the actual prices of health
insurance change and their incorporation into the CPI. Shortening this lag would improve the
accuracy and timeliness of the index.

Recommendation 5.6 For the purpose of tracking changes in health insurance prices,
BLS shouldconsidemigraing from using annual data guvofits net of premium#

quarterly dataThis would allow changes in retained earnings to be incorporated more
quickly. The use of multiyear rolling averages (Recommendation 5.4) would help smooth
out any noise in the quartenbatterns of retained earnings.

A first step in this work is to test the performance of estimates based on disaggregated financial
statement data against those based on the lagged annual compendium publishedciobend
or November othe following year

BLS should also consider changing the medical prices used in theiheattdince
services part of the health insurance deflator to match the timing of the retained earnings. That is,
if the change in the ratio of retained earningbdnefits idagged the medical price changes
used in the health insurance calculation shbel@qually laggedSee the analysis in Appendix
5A.) In this way, the deflator would represélaigged)health insurance services per unit of real
medical expeditures Alternatively, BLS could consider changing its conception of health
insurance services as simply the price for the insurance component of the health caréhailicy
would just be the changes in retained earnings per policy over time, rathdividarg by the
guantity of health services. This would bridge some of the gap between the direct method and the
indirect method.

BLS should also account for the effects of rebatethe price of health insurance. The
ACA requiresthat plangrovide rebates to beneficiaries if thaireragemedical loss ratio
(basically the ratio of medical benefits to premiums) ovelyadé period is less than 80 or 85
percent, depending on the pldine rebate is provided to people who were pdiclgers n the
third year of that 3/ear averagdJnder the current methodology, that rebate is ignored in the
CPI.

Recommendation 5.7 In estimating the price of health insurandes BLS should
subtract rebate payments from retained earnings.

5-20

Copyright National Academy of Sciences. All rights reserved.



Modernizing the Consumer Price Index for the 21st Century

Prepublication Copy 3 Uncorrected Proofs

Even the direct method, which is an@&xte measure, includes rebatgn though theghange

the price of health insurance-prst But because the average rebate is positive (the rebate is
onesided? it is either zero or positive), consumers may expect rebates when they purchase
insuranceand so subtracting rebates may be reasonable even withaameepespective And
because the indirect method is already ap@st measure of health insurance costseeims

clear that the measure of retained earnings used in the calculation should be after subtracting
rebatesBEA has bought information on rebataatshould be accessible by BLS as well

Recommendation5.8 As the data ecosystetontinues tevolve,research by BLS

should continue evaluating how to accelerate incorporation of claims data, hospital data,
health plan datagndscanner data on drugsimprove the coverage, detail, and

timeliness of pricerad quantity information in the medical care component of the CPI
Given the large cost in both time and money associated with using claimBldata,
shouldcombine the efforts of those prodg PPIswith those produag CPls.In
addition,there should be collaboration between the CPI and P&dljoisting health care
prices for quality change.

A pilot program is currently underway at BLS indicating promising uses of claims data. A first
study from the program used data from a single ing@ranmpany in a single mark&ieler et

al., 2019y Building from thiswork, BLS is expanding the pilot study using a national claims
database covering all CPI areas. The research includes multiple insurance companies, and the
results look promising fgpricing physician servicesnd outpatient hospital$he next steps will
involve evaluating the possibility of using these claims data as a replacement for manually
collected private insurance quotes, determined at the regionalTaigewill likely involve
developing and refining a methodology for blending the new and traditional data.

Indeed, even though BLS research has shown that claims data are not representative, the
agency has been revisiting use of this source in large part becalesdimihg respondent
cooperation. The pilot study was created in part to test blending the new data with the survey
collected datahat did not need to rely onparticipant company

Recommendation 5.9BLS should investigate the use of prices that halgand
insurerspost on their websitegs comply withtransparency requirementf hospital
compliance improvesnd if the insurer initiative is successfillesecould beuseful
source of data ormprices of medical goods and services

Another motivation for acquiring and developing agility using claims data ishtts dataare

crucial for constructingliseasebased price indexalat can eventually be used to quality adjust
health care priceg\s noted in much of the literature ondtié care quality, the only way to

properly account for the changing quality of health care is by tracking outcomes, and a first
necessary step in such an endeavor is to track nominal spending by disease, which can then be
deflated by an index that accosriibr changes in outcomes from treatments for that disease over

2Bieler et al. (2019)eporedon BLS work testing the potential of insurance claims data to supplement manual
price collection in the CPI medical indexes. The authors consth&J LFH LQGH[HV XVLQJ 3GDWD SXUFK
insuUUDQFH FRPSDQ\ IRU D ODUJH FLW\ DQG FRPSDUH WKHP WR WKH &3, PHC
assessing their feasibility for use on a larger scale.
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time. Of course, accounting for changes in outcomes over time is fraught with conceptual and
data challenges. But there have been some major advances in recent yeanstier.gt, al,

202Q Dauda, Dunn, and Hal021) and it is possible that these types of quality adjustments
might be feasible in the future.

BEA has led the way with development of satellite health accounts but, as discussed
above, the measurement objective of @ (tracking prices faced by consumers) differs from
that of the national accourfsBLS also has undertaken important initiatil8eS hascreated
experimental diseadeased prices théundle medical care inpulsy treatments for specific
diseases oranditions?® In addition,BLS hasproduced experimental indexes at theernational
Classification of Disease#dD) chapter level with monthly updates since 2016. In 2020, BLS
began producing experimental indexes at thelsapter level for common diagnoses (114
conditions). Conceptual issues aside, data demands make it unlikely these methods will be
brought into the ppductionof theCPI any time soonThe primary data source for the BEA and
BLS diseas#ased price indexes is the Medical Expenditure Panel Survey, which is not timely
and has a relatively small sample size particularly for calculating price indexesfa@ommon
medical conditions. To address these deficiencies, BLS must acquire and research integration of
claims data for this use.

25For more information on satellite accounts)lsggs://www.bea.gov/news/blog/2008-22/introducingnew|
|beahealthcaresatelliteaccount

®SOWKRXJIK %/6 FDOOV WKHVH H[SWKUH\PHONW B OWR 6B XY GIBHINGFHRR G DV [
by diseas¢hatshifts over time because of higher prices and changing quality.

5-22

Copyright National Academy of Sciences. All rights reserved.



Modernizing the Consumer Price Index for the 21st Century

Prepublication Copy 3 Uncorrected Proofs

APPENDIX 5A: COMPARISON OF INDIRECT AND DIRECT METHODS OF
PRICING HEALTH INSURANCE

Indirect Method Conceptual Framework

The indirect method decomposes the health insurance premium into two types of goods
and services: the services provided by health care providers, and the services provided by the
insurance company, which include risk bearing, cost managepni@t negotiation, claims
processing, utilization review, etc.

HI Premium = HI Services + Medical Benefits fetn.
Each of these pieces, in turn, has a price component (P) and a quantity component (Q):
HI Premium =24 ;34 AE 2£3 5 5.2)

where HI denotes the services provided by health insurers, and M denoted medical services.
, P S OLFL V¢ mathddol@gy assumes thtae quantity of health insurance services is equal to
the quantity of medical services:
3aALl 3£ (5.3)
Therefore,
HI Premium =:24 E 2£;3£ (5.4)

The interpretation of this formulation is as follows: For every medical service someone
purchases through health insurance, they pay a price for the health insurance services provided
and a pricdor the medical services,

From above, HI Services are equal to the HI PremRmam less the Medical Benefits.
This is the definition of retained earnind®H) 2 the part of the premium that the health
insurance company does not pay out in medical benefit

Next, all the Medical Benefit8, where

$L 2234 (5.5)
Then,
HI Services =25 34aL 2i32L 2NAIF$S L 5¢( (5.6)
And: )
25 aL —" (5.7)

Es
ST tHfZ-fe—C{2tt<.., 2t &34 is calculated by deflating spending on Medical

Benefits, B, bylie medical price deflator:

3l — (5.8)

Es,

Putting it all together yields the following:

27As we discuss in the text, the assumption that the quantity of health insurance services is equal to the quantity
of medical services might be reasonable for some typgsrvices (e.g., claims processing), but may not
appropriately capture the value of the financial risk protection associated with health insurance (e.g., health
insurance provides valuable financial protection even if one never purchases any medibes, jest as fire
insurance is valuable evergifconsumer does not experiemctire).
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24iL B C2 (5.9)
The price relative for health insurance would therefore be:
Aﬂ[;
SLELE NG I-Aﬂ—l O (5.10)
Eiog7- EanAl Ev.&7-

* -
This price relative is only for the component of health insurance that reflects services
provided by the health insurance company.
To compare the indirect method to the direct method, it is necessary to calculate the
implied price index for thevhole health insurance premium under the |nd|rect metkadl the

ratio of retained earnings to the health insurance premjiwherez = —a Then the price
relative for the wholdealth insurancpremium would b#:

Aﬂfg
E%M hOMs I-A—W | E:sF \ls; | (5.11)
This expression caretrewritten as follows?
_Avpg
Price Relative for Whole Health Insurance Policy using Indirect Metheﬁ—%?—
Av,g7-

That is, under the indirect method, thergase in the total cost of health insurance is equal to the
increase in the premium cqsr unit of health services.

Indirect Method Implementation

The HI Index in the monthly CPI is calculated as follows:

28As a Laspeyres aggregation of the component relatiiessexpression ian approximation of true premium
inflation. The aggregation weights (shareethined earnings and the share of benefits spent on each type of
medical service) are fixed afltvaluesso, f these weightshange over the peripthis approximation will differ
from true premium inflation.

The algebra is as follows:

Atg

&2 hOHfs Bl | E S F \fos: |
*R7-

[S7F

Aﬂg

— AE%& "|,\E34/§7- A Ay, 8AY. & | E PR7 - A

UE3/437. \’EéQ@. L;AKJ'— a@@;

Ay, &7 - Ay, &T -

_ Eua E¥w. E% Evar-Evar- Ev.& Evigr- Evigr-

Ev.gr- E4O&. EvgFng E¥w- Evgr. Ea0@.

L L N AYD@
— _E%Fvar- Ev&Ev.aEvar- _ _ Evar- CE$. =AY

E&Q#._Eyg EAD#.Eyug EAD#H._Eug ¢ Au®

Ay, &7 -
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Where / % 2(;'%5is the medical care price inkléor medical service i in month SUs the share of

insurance payments on servicé is the base period and y is the year for which retained
earnings are measured

The second term is just the price relative for medical services from abkeve,arhus,
Vs & -

the only difference in the implementation of fremeworkfrom equation(5.1) is that retained
earnings are measured annually, so therdat is taken, and because of data constraints, the
data for the ratio of retained earnings toddéa are calculated with a lag. In particular, much of
the retained earnings data come from the National Association of Insurance Commissioners
Statistical Compilation of Annual Statement Information for Health Insurance Compahiels
tends to be puldhed in October or November of the year following the year in reference. For
example, aggregate retained earnings for 2020 would not be published by NAIC until October or
November of 2021.

As we note in the text, this makes the interpretation of the lekisdmewhat more
difficult, because it is no longer exactly retained earnings per quantity of benefits (since the
benefits from period y are being deflated by prices from mgnth t

Comparison with Direct Method

The price index for the direct meth@mt a given type of insurance policy is:

. . e =TPCk 0
Direct Price Relative ok (5.13)

Calling the indirect price relative for the whole health insurance pbigtand the direct
price relativeD 2 and alstracting from the fact that the indirect method dussneasure the
change in retained earnings on a polgypolicy basisand instead uses a unit cost method
one can see that:

Apart from the differences in timing due to data constraints discussed above, the indirect method
price relative is equal to the direct method price relative divided by the growth rate of real
medical serviceprovided through that policy. If the price of a health insurance policy increases
10 percentand utilization also increases fi@rcent the direct method would show a price

increase of 1@ercentwhereas the indirect method would show no price incraasde a

Considering Uncertainty

3% deally, the direct method would hold expected utilization constant, so that the indirect and direct method
would be conceptually quite similar. And, as noted earlier, BLS makes some effort to adjust the premium when large
changes in technology are introBlHG EXW GRHVQIW DGMXVW IRU WKH VPDOO FRQWLQXF
We ignore the BLS quality adjustments for large technological changes in this exposition.
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As discusedin the textabove the two methods will produce different results depending
on whether changes in prices and quantities are expected or unexpected, because that will
determine whether they are incorporatedrsurance companies when setting premiums.

Expected price changesExpected price changes for medical care services increase the
premium, thus boosting both direct and indirect method prices

Unexpected price changedJnexpected price changes for medicale servicesypically do not

affect premiumr utilization very much® Thus, they have no effect on either the indirect or

direct method prices for the whole insurance policy. Note, however, that unexpected increases in
price will lower the health insurance component of the whole health insurance policy using the
indirect mehod (because they lower retained earningsit that will be offseby an increase in

the medical care componeit.practice, this may not occur right away due to the timing

mismatch between the retained earnings and price adjustivtemeover, changeis one

direction in a year may be offset the following year by change in the opposite direction if health
LQVXUHUYVY UHVSRQG WR WKH SULRU S HingRTh&s¢ udepe¢®dtH FW HG |
price changes maye a reason that the health insusmaoomponent appears so volatile while the
whole health insurance policy deflator is not.

Expected increases in utilizationExpected increases in utilizatiomnless captured in the

quality adjustmentyill boost premiumsand, in turnthe deflator usdin the directpricing

method. However, because the indirect captures changes in the premium per unit of real health
services, expected increases in utilization will not affect the whole health insurance policy
deflator using the indirect method.

Unexpeced increases in utilization Unexpected increases in utilizatiofil not affect

premiums, and so will have no effect on the deflator using the direct method. However, because
premiumsdo notincrease but utilization does, this will appear as a reductiomirect method

prices.

APPENDIX 5B: AN ALTERNATIVE FORMULATION OF THE INDIRECT METHOD

As noted inAppendix 5A the current indirect method assesses the price of health
insurance as the costs per unit of real health goods and services. That is, spending on health
insurance services 24 3£, Where 25 4s the price of health insurance services &pds equal
to the real quantity of medical goods and services paid for by a policy. This assumption that the
guantity of health insurance services is equal to the quantity of medical services might be
reasonable for some types of services (e.g., claims proggdsirt may not appropriately
capture the value of the financial risk protection associated with health insurance (e.g., health

31Small effects could be observed since, althousfepts may not have much expuesto the full price, they
have some and demand is not perfectly inelastic.
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insurance provides valuable financial protection evencbnsumenever purchasesany medical
services, just as fire insuranisevaluable even ithe consumer does nioave a fire)

Thus, an alternative is to consider the quantity of health insurance services as equal to 1
per policy. Then, when using the indirect method, the change in the price of health insurance
services wold simply be the change in retained earnings per policy

In particular, using the notation froAppendix 5A this would then make the Alternative
Price Relative for Whole Health Insurance Policy ushrejndirect Methodequal to:

Voos B CE S F s d—;;f h (eqn5.1)
Or, alternatively, as
. &
\os B CE 15 F \osi - & (5.2)
Ay

Conceptually this is simpldf 20 percentof a health insurance policy pays faalth
insurance services, and gércentfor medical services, then the deflator would put p@@ent
weight on the percent change in retained earnings per policy andoanc@dtwveight on the
change in the prices of medical services.

This formulation would partially bridge the gap between the indirect and the direct
methods, as can be seen by comparing equdignwith the formulation of the direct mettp

Direct method: ;s %% CE:sF \6?5;% a (5.3)

The comparison between the two equations shows that under this alternative formulation, the
pricing of the insurance component of the indirect method and the insurance component implicit
in the direct method would be the satmthiey would both measure the chias in the cost of
insurance services to each policyholder.
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6
Supplemental Sulgroup Price Indexes

New data sourcgzesent opportunities improve the accuracy and timelinessoth
the elementary iterareapriceindexegChapter 2) andf thehigher index aggregation levels
(Chapter 3) in construction of tl@nsumer Price IndexCPl). Onerelatedresearch and policy
needto which the Bureau of Labor Statistics (BLS) has respongedthe yearss to produce
price indexes (as well as other economic statistared tomeasuringrends forspecific
population subgroup8oth convenbnaldata sourcesuch asnicro data from expenditure and
budget survey; and new data sourcesich agletailedtransactiordatathat can be linked to
V KR S Shatddteffisticscreate new opportunities sbudyprice changedaced by different
population groups

6.1. MOTIVATION

Therationalefor producingprice indexegor population subgroups is clear for purposes
such asadjustingSocial Security benefits(which are mainlyeceived bylder people)setting
marginal tax rates (which increase with income lexaijlestablishing consumer unit needs and
resource levels that reguldtansfer paymentsf various safety net prograntfer whichonly
certaingroupsareeligible). Broader public policy questions related to income and wealth
inequality, social welfare, andperty could also be informed byore precise measures of
differertial inflation ratesacedby specificgroups such asower-income household©f course,
themotivationto marshal the resources needegdrtmdue subgroup indexeis more powerfuif
it can be establisheddtthe rates of inflation experienced by different groups or by people in
different geographic locations wesignificantly. The assessment e¥idence byhis panel, as
well as other expertsncludinga 1DWLR QDO $&E,GeeMRE,\2002. 222), is thatat
least during some time peds considerabléneterogeneityloes exisin the purchasing patterns
andshopping behavioof, as well as the prices paid,monsumersvith different demographic
characteristics

INRC (2002), Chapter 8, provides a comprehensive examination of the conceptual basis of population
subgroup indexes as well as practical data isthasomplicate implementation.
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6.2. RESEARCH FINDINGS

One factor that can lead dlifferential inflation rate$ and, as it turns out, the easiest one
to measuré is thatdifferent groups opeopletend topurchase different baskets of goods and
servicesIn other wordspeople allocateneir consumption budgets differently acr@¥2l item
categoriesn a way that correlates with income and other demographic charactefibts
heterogeneity occurs ahindividual consumer unilevel,andmayalsobe associated with
observed groupatterns:

Some[expenditure patterngire idiosyncratic among individugsvegetarians and meat
eaters, book lovers and sports enthusiasts, travelers and homebodies. But many of the
differences are systematically related to the economic, demographiocatidrial
characteristics of householdsower-income householdspend on averagea higher

fraction of their income on food and clothing thanhiigherincome householdsnd a

smaller fraction on travel and entertainment. The elderly tend to devotdlerdraation

of their budgets to durable goods and clothing and a larger fraction to travel and medical
care than do neelderlyhouseholdsPeople who live in the South spend less on heating
fuel and more on aonditioning than those in the NortNRC, 2002,p. 223)

Variation in purchasing patternshen measurablégads ¢ a unique set olveightsfor
each identified ggment of thgpopulation The mechanics of the calculation aeadily
illustrated by the several versions of the CPI already publigiesicurrentlyproduces official
price indexes for two populatisulgroups? all urban consumers (CRI) and urban wage
earners and clerical workers (GRI; see Box6-1). Additionally, on an experimental basBLS
publishes a price index covering urban consuraged 62 and tder (CPIE). Althoughthe CP}
E isnot currently used fandexing Social Security benefit8LS has long beemterested in a
price index thatould be used for that purpasgevelopment othe CPIE was motivated in part
by that line ofresearchi Thesethreeversions of the CRliffer only in terms ofthe expenditure
weights used taggregatehe component indees For example, the 20122018 expenditure
weight for medical caries considerably higher for the G (12.20) than it is for the CRJ
(7.29); conversely, the weight for transportation in the-Ed lower (2.97 than it is in the
CPFU (15.19. While the weights differ acrogee CPtU, CPFW, and CPIE, these indexesire
constructed using the same skprice changes for eadiem strata from the same sample of
urban areas.

2Currently, adjustments to Social Security benefits are still based on peheeges in the CRV (Cage,
Klick, and Johnson, 2018\ rguments against adopting the &@Pfor the purpose are that it is associated with a
higher sampling error than the alternatives and fails to addressleppksubstitution bias.
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BOX 6-1
Role andruture of the CRW

The CP{W wasintroduced in 1919 to measure price changes faced by weclasg
Americans (Rippy2014). BLS collected data on expenditure shares from modacatee families of
ZKLFK D ZKLWH PDOH ZDJH HDUQHU RU FOHULFDO ZRUN
The CPIW has retained this focus on clerical and wpgging jobs ever since and now covers worn
andall people regardless of raoe ethnicityif they work in the relevant occupatiorithe CPIW was
the only price index published until 1978 when a broader iadbg CP{U 2 was introduced to cover
all urban consumers. Up until this point, the @PWwas the only national CPI availabledso it was
used from the inception of Social Security to index bendftis Social Security Administration
continues to use the GRV for this purpose, and the index also is used forabbkving adjustments
for federal retirement programsSince 181, the CPFW has been constructed using the same samy
of geographic areas, outlets, iterasd prices as those used for the-CRjut then reweighted to
reflect the expenditure patterns of the relevant subsebosumer Expenditure Surve@EX)
househtds?

The CEX respondents used to construct the\WRlow represent a small and shrinking
segment of the population that has become less representative of-aeddlédmericans (about 29
percent or the CPU population)’ In part because of labor marlgitifts away from the blueollar
occupations (such as clerical and sales positions) that are surveyed, the current definition used
CPI-W is becoming less and less representative and relevant. Longer term, a more useful apprg
measuring cosbf-living increases experienced by the workirigss population could involve
constructing an index using expenditure weights for consumer units identified as belonging to a
of quintiles of the income distribution. As described in this chapter, diesizing price inflation faced
by modern working households requires an index that goes beyond a simple reweighting for a g
households, and also measures price changes faced specifically by this group. Focusingon ar
demographic charactstics that can be segmented in different ways would provide the greatest
flexibility for producing a range of subgroup indexes.

Price measuremenesearch usindie simple reweighting approa@g., Amble and
Stewart 1994 Garner et a).1996)hastended to detect only minimal differences in inflation
rates faced by different grougSomparison of the BI-E andCPI-U (and the CRW, for that
matter)offersa case in poirnthat simple reweighting typically leadsly to minimal differences
in index performanceAs shown in Figur®-1, a comparison of averad®-month percent
changes in th€PI-U and CP1E reveals alifferencethat averagesnly 0.16percentage point
over the entire periodie CPI-E tends to have slightly larger increases).

SFurther informatio on the specification and history of the &RIcan be found at:
[www.bls.gov/opub/btn/volum8/why-doesbls-provide both-the-cpi-w-and-cpi-u.htm

4From 1978 to 1980, BLS conducted an independent but overlapping sampling of items and outlets for both the
CPIU and the CRW populations. See U.S. Bureau of Labor Statistdd¢hy Does BLS Provide Both the CRY
and CPIU?” 5HHG DQG 6WHZDUW

twww. bls.gov/news.release/pdf/cpi. pdExpenditure weights for the GPlare based oabout65,000
household interviews; weights for the @Rlare based on a subset of about 16,000 interviews. ihiber has
been declining along with CEX response rates generally and with the shrinking number of respondents engaged in
the occupations captured in the &R A report on retirement security (GAO, 2Q2@ates that BLS was
investigating themerits of expanding the CRV to include all labor force participants, which could present a
complement to a price index meant to represent the lower to middle group of income quintiles or deciles.
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FIGURE 6-1 Twelve-month percent changes in the @PICPIE, and CPW.
SOURCE:Paneigenerated using BLS data.

Statistical agencies in other countries also regularly produce price indexes based
primarily on reweighting to reflect subgroup expenditurégpas.For example, th®ffice for
National Statistics in the United Kingdo®@ XEOLVKHV 3+RXVHKROG &RVW ,QGLFF
measure the change in household costs over time for different population subgroups. These
indexes havendicatedfor H{[DPSOH WKDW SUHWLUHG KRXVHKROGYVY KDYH
growththannonUHWLUHG KRXVHKROGYV VLQFH 0D\ " PDLQO\ GXH
electricity and council taxésThe Household Cost Indices are aggregated using democratic
weighting,wherein allhouseholds are assigned an equal weight, instead of plutocratic weighting,
wherein households are implicitly represented in proportion to their total spending’ iosits.
QDWLRQVYT KHDG O L Qg¢ iktBdMited RirgO@ohGhdhit\Skatesare plutocratic,
meaning that thegeflect the consumption patterns of uppeome households more closely
than those of loweincome households.

Researchers outside statistical agencies also have developed subgroup indexes that use
different pdterns of expenditure weights across groups. For exauomgiegy microdata from

Pwww.ons.gov.uk/economy/inflationandpriceindices/bulletins/householdcostsindices/thirdpreliminaryegtimates
[2005t02019

NRC (2002), Chapter 8 on approaches to aggregatiragadrouseholds, providassomplete discussion of
the implications (and appropriate uses) of a democratic index in wilisiidual price indexeare estimatetbr a
representative sample of the whole population and then adebggessigning the same wéigto eaclconsumer
unit regardless of the magnitude of their total consumption expenditures.
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( X U R VBArbpéath Yousehold Budget Surveys tmeHarmonized Index of Consumer Prices,
Gurer and Weichenrieder (201®undthat for the period 2002015, the3FRQVXPSWLRQ EXQC
of the poorest deciles in 25 European countries have, on average, become 11.2 percentage points
PRUH H[SHQVLYH WKDQ WK pVL)BradWsKdakiod, th& tddéavchersifeund H VvV~
that price increasdsad been more rapfdr necessitied e.g.,food, shelter, and utilities which
constitute a higher expenditure share for leimenme household$ian for luxury goods and
services having to do with, for example, recreation and cuthuiEar purchases.
Academic researcherawve also used microdaba expenditureo calculatdJ.S.
householdevel inflation rates. McGranahan and Paulson (20@8)exampleusal Consumer
CEX data and itenspecific CPI data to construct the chatHLIJKWHG 3&KLFDJR )HG ,QF
Based Economicinde IRU D YDULHW\ RI GLIIHUFM@athGrebend thetD SKLF JU |
for the period 1983 WKH LQIODWLRQ H[SHULHQFHV RI WKH GLIIHUI
correlated with and similar in magnitude to the inflation experiences of the overall urban
population” McGranahan and Paulson, 200626). Theaxception to this pattefiound by the
authorswerethe elderlywho faced an 11 percentage point (or 5.5 percent) h@heulative
inflation rate compared with the average over the period ofttiay.
On the other handynalyzing the period 1982004,Hobijn and Lagakosoncludedhat
the distribution of inflation experiences across households extidiargeamount of
dispersion Additionally, they bundthat ademocratiandex(one that weigts price changes
faced by each household equaltpnstructed for the latter part of the period Wagher than the
plutocraticindex RQH WKDW ZHLJKWV SULFH FKDQJHV DFFRUGLQJ WI
aggregate expendituresuggesting thgioorer hoseholdgwith greater representation in the
former)experienedhigher inflation than richer householddore rapidprice growth for
galine and food pricesontributed to the trenddichael (1979), Hobijn and Lagakos (2005),
and Hobijnand Sahi{2009) applying householespecific consumption bundles to estimate
indexes of average prices for relatively broad categories of gowisly at the CPI item strata
level), reacledsimilar conclusionsThese analysesntinued taassume that all houselslpay
the same price for specific goods purchased and buy the same mix of goods within each item
stratum (Kaplan and Schulhofé/ohl, 2017).
Their value to research notwithstanding, the deficiency in the alternative CPIs estimated
in the way described above is that they do not account for the multiple factors affecting prices
paid by different groups. Ideally, for a comprehensive measureagf ipfiation, any differences
in the prices paid by different groupgarticularly for bigticket items that could really make a
difference, such as medical care and housing/shelteuld be taken into account along with
differences in spending patterns.udmng, discussed at length in Chapter 4, is a particularly
important case of inflation differentials faced by subgroups defined by geography since prices
(and, at times, changes in prices) vary a great deal from one part of the country to another and
between urban and rural areas.
Recent researclBome of which is described belolags beetbased on more diverse data
sources that allow factors beyond expenditure shares to be consiti@seesearchas revealed
clear patterns of differential price inflatipin particular across income groufisstrongly
suggests that if statistical agencies are serious about tackling differential price inttegtyon,
mustmove beyond the exercise of simply reweighting price quotes from the official CPI. To
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create meanirfgl price indexes for demographic subgroups, it will be necessary to combine, for
each consumer unit, monthly information on the prices it has paid, the amount expended on each
item, and its basic demographic characteristics.
As a first stegoward buildng the capacity to fully portray differential inflation
householdor groupspecific inflation rates should reflect the fact that, in addition to buying a
different mix of goods and services, households purchase goods and services from different
outlets ad, thereforeface different price€venif all consumer unitpatronizethe same outlets
(for example Amazon during the pandemisyich thaprices paid by different groups for the
exact same product converdieerich and poor, old and youngr other different demographic
groupswill continue to buy different productgithin the elementary index levétor example,
high-income and lowncome consumer units may tend to frequent different restaurants or hotels.
Comprehensive subgroup inflation messs wouldhereforeaccount fodifferent consumption
patterns at a very detailed lev&hey would also take into accouhH I IlHFWLYH SULFHYV SDLC(
spending shares on new ands#rg goods, and demand elasticitfeall of which may vary
across household QG LQ SDUWLFXODU DORQJ WKH LQFRPH GLVWULE
Creating a data collection apparatus along the lines implied abfareeasier andanore
cheapy said than donél'he key challenge in this propositiomith which BLS is intimately
familiar, is that thedata systensurrentlyunderlying the CPtollects prices paid but does not
link those prices to specific householBsit another way, information about consumerstawl
they budget their income is collected from a household survey, while price information is
collectedpredominantlyfrom retailoutlets thus, characteristics of purchasers cannot be linked
with the prices they paysince retailers generally do not tyaily have full demographic
information about their customers (although this is changing rgpttly most direct rout® a
data sourceéhat combines these key pieces of informatbkR XOG LQYROYH 3FROOHFWLC
price data, as well as expendityaterns and demographic information, directly from
FRQVXRMRO,\2002p. 229).
As described in Chapt& householebased data on purchases and pricesfpaithany
itemsdo exist invarious commercial data sourdbathave been used in price measurement
researchResearch by Kaplan and Schulhe¥®ohl (2017), for exampleysed data from the
Kilts-Nielsen Consumer Panel (KNC#®)estimatdaifferentialinflation rates mostprominently
by income at the level of the houbeld? Theauthorsfound that

Households with low incomes, more household members, or older household heads
experience higher inflation on average, whereas those in the Midwest and West
experience lower inflation [and that] over the nine years from i darter of 2004
through the third quarter of 2013, average inflation cumulates to 33 percent for
households with incomes below $20,000 but to just 25 percent for households with
incomes above $100,00p. 3).

8The project is a partnership between The University of Chicago Booth School of Business and the Nielsen
&RPSDQ\ LQ ZKLFK PDUNHWLQJ GDWDVHWY DUH PDGH DYDLODEOH WR DFLC
guantities and specific goods purchaseB800 million transactions by about 50,000 U.S. households from 2004
W K U R X J Kuttps://www.chicagobooth.edu/research/kilts/datasets/nielseiei€en)
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Crucially, Kaplan andschulhofesfWohl foundthatthe greatest source béterogeneityn
KRXVHKROGVY forQreaybodsliieptradiovaribitidn in prices paid for the same types
of goods? not from variation in broadly defined consumption bundles of the type that Wweuld
picked up in indexes based only on expenditure weight adjustniRoughlytwo-thirds of the
variationdetected by the authoosiginated from differences in prices paid for identical goods
while only about onethird was found to comdrom differencesn the mix of goods within broad
categories;D Q @\ 7 percent of the variation arises from differences in consumption bundles
defined by broad categorié. 2).

Employinga somewhat different approaethile using the same KNCP dafaravel
(2019)alsoestimatd inflation ratesn theUnited Stategs a function of incomé-or this
research, Jaravaksumd that all householdwithin a givenrange of income (such as all
households earning more than $100,000 per year) have thesasumption bundle and pay
the same price for each godbvering theperiod 20042015 Jaravelmeasurd inflation
inequality using a linked datasatwhich ending shares almsed orthe CEX andprice
changegat the level of product categorjdsr most goods and servicese based othe CPI
data series. The match€EX-CPI dataset provides 256 detailed product categdtiesever,
for consumer goodgbservable in the KNCP datancluding food products, household supplies,
and health and beaupyoducts? heincorporate productlevel dataon both prices and
guantities these goodsfaccount for about 380% of expenditure on goods, or about 15% of
total expenditurd/ (Jaravel 2020, p. 8f A key finding was thaannual inflation was
approximateg) 0.65 percentage point lower for households earning above $100,000 a year when
compared with households making $30,000 or less per¥eaheadline finding of Wimer,
Collyer, and Jaravel (2019)who used the Jaravel (2020) estimates based dimkieel CEX
CPI sample and Nielsen data teetimate recent trends in poverty and income inequaiitgis
that, because of unmeasured inflation inequality, income inequality and poverty rates may be
significantly underestimated for the United States overptriod 2004 to 201&0or example,
using his series for the lowest income quin@®enillion additional peoplare found tdhave
beenliving below the poverty line in 2018 compared with official numiersed orofficial CPI
estimates.

The major limitaton of scanner sources suchthe KNCPdatais that the scope of
coverage is confined to goods sold in retail outlets (Kilts Center, 2013a). Unlike research based
on thehousehold expenditure surveéysuch asiotedaboveby Hobijn and Lagakos (2003)the
scannerbased research is unable to measure the impact on subgroup price inflation of
guantitatively important expeliture categories such as medical care and hougihiggh have
DOO EHHQ IRXQG WR EH LPSRUWDQW VRXU RR\ECRUhf&F HTXDOLW
Wohl, 2017,p. 3). As detailed in Chapter 4, shelter alone accounts for mor&@parcent of
the household spending basket in the Consumer Price Index.

9Jaraveidentified several key benefits to data that include barcodes. For exampleteie’W KDW 3PHDQLQJIXO
TXDOLW\ FKDQJH ™ W\SLFD O s\ agditieraly Wistobtirfu&dDJQ AdH ptoQucss3 dan be readily
identified. -DUDYHO TV UH V H Dinfl&tikkin Ra€ed®y. Iblid-hhdHhiQhvicoBn©consumers in the UK uses data
collected by the market research firm Kantar FMCG Purchase, Rdrieh is similar taHomescarin the U.S.jn
which participants record UPCs for their purchase using a-helddscanne
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Due to this limitation oproducts covered bscanner dataesearchersave turnedo
othersourcesincluding surveys not traditionally used in the QRirsen andolloy (2021)
examingl differences in qualitadjustedent growthfor households at different points in the
incomedistribution for the period985to 2019.The authos estimate rent changes facing
households in different income groupsing data from the American Housing Sur¢8g¢S)? a
nationallyrepresentative panel that tracks housing units over4iorendividual housing units
grouped by income of the residentfeir analysis accounts fdifferences in the price of
housing serviceacross groups as well as differencethmfraction of expetituresspent on
housing Theydid not detect large differences in inflation across income groups over their
sample periodThis result contrasts somewhat with the results in Moretti (2013) calcalatel
differences irshelterinflation rates by educatmogroup using information on variation across
cities in rent growtland variation in location choices by education grotp$oundhigher
shelter inflation for collegeducategeopleover the period 1980 to 200However, after
adjusting for changes imeenities, Diamond (2016pundlower shelter inflation for the college
educated population.

For medical carédiscussed in Chapter,4nother area where prices faced, quantities
purchased, and quality received are likely to differ by income grospranceclaims datasets
provide a rich source of informatiowimer, Collyer, and JaravéR019 documengdinflation
inequality in health caresing comprehensive claims dalang with linked employeemployee
datasetgor Utah between 2012 and 2013, Q GLQJ WKDW 3WKHUH ZDV KLJKHU LC
conditions that affect lovincome groups more, another source of inflation inequéfity.

BLS and other statistical agencies will also need to develop plans for obtaining price and
guantity informatiomeeded for improving the measurement of inflation in other areas where
electronic transaction data are not typically available. The service sectors represent a sizable part
of the economy and one where higheand lowerincome households often display very
different consumer behaviérthatcurrentlyis not well covered by electronic data sources.

6.3. OPPORTUNITIES AND NEXT STEPS

An empirical consensus is emerging tlatleast during some periogsice inflation has
varied across population subgroups as well as across loca#ittheugh still nascentesearch
citedin the previous sectiatonvincingly makeshe case thatigh- and lowincome group#
particularlikely experience differentiahflation ratedor at least some types of goods and
servicesandmeasuring differences in prices paid floe sameor similar goods is an important
part of the storyAmong e possiblexplanations for this findingll requiringfurther
investigation areliquidity constraints inhibiting lonincome households from taking advantage
of sales and bulk discounts (Orhun and Palazzol®)20teater flexibility of highincome
households to substitute toward alternative goods or outlets (Argente and 2@ead@ more
rapid innovation in product categories that highomehouseholds tend to purchase (Jaravel,

0Jaravel notes other potential data sources that could be exploited for measuring inflation inequality in the
space of digita¥ree” goods, including Google, Skype, Wikipedia, maps, messaging, music, and all smartphone
apps. Largescale online choicexperiments could be used for this purpose, as in Brynjolfsson et al. (2020).
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2019). The digital divide also factors intafférential inflation rate faced by higher and lower
LQFRPH FRQVXPHU XQLWV 'DWD IURP $GREHTV 'LJLWDO (FRQ
period 2014 to 2017 to be more thapercentage pointswer thanthe headline inflation rate of
6.8 percent & U X F IsBoPpihy orhe is far more common among higitome people and
during the pandemic the practice has grown more preval@nblsbee2021) Another possible
source of differetial inflation rates ighat outlets in lowincome neighborhoods have fewer
direct competitas given that consumers likely have lower mobility and ability to shop elsewhere
Research and poliapaking stand to benefit a great deal if theeadscan bemore accurately
measured and, in turbetter understood
The potential return frormvestments in developing incordefined subgroup price
indexes is further enhanced by ongoing work at the Bureau of Economic Analysis (BEA) to
produce prototype statistics on the distribution of personal income across households, for which
price deflatorszZLOO EH QHHGHG % ($YV JRDO LQ HVWLPDWLQJ WKH ¢
time (the initial set of estimates does so by decile, quintile, top 1 percent, and 5 percent) is to
3SURYLGH D QHZ WRRO IRU DVVHVVLQJ KRZRPR K VHIKRRZOWKV VKD
Interest in price indexes and inflation rates appropriate for deflating these new measures of
income and, more broadly, for measures of Wwelhg (social welfare) will likely continue to
grow. BEA also has research underway to develop Personal Consuppienditures statistics
by income decile.

Recommendation 6.1Because of the urgency of issuekted tancome and wealth
inequality, social welfare, and povertigevelopingprice indexes for population
subgroupsilong the income distributioshould bea high priority for BLS. Identifying

data sources that would ultimately allow production of price indexes by income quintile
or, if possible, decile is a key part of this work.

Incomebased CPls, even if only experimental, would infaestbenefit analyses, taxation
policies, and understanding of secular macroeconomic tremtisding structural change,
changes in the labor share and interest rates, and labor market polarizatidn.R P H VW DSH °
data sourcean be developetthat ies purchases to househo{ds recommended in Chapter 8)
will open upa wide range gpossibilitiesfor creatng arange ofsubgroup indexethat go
beyond simply using different expenditure weights.
Twenty years ago, theeemingly bviousfirst step increating capacity to estimate
accurate expenditure weights at subnational leaeld, in turnfacilitating subgroupCPIs
would havebeento expand theCEX. Itis ZHO O GRFXPHQWH Gukiéhkt Bamph/dizd VXU Y H
doesnotallow for Jroduction of norurbanarea indexes or regional pritevel comparisons;
nor does it support accurate price indexes for subpopulations such as the elderly, minorities, or
the poor, particularly at subnational levg(BIRC, 2002 p. 253. Beyond price measuremt,

IYXOO GREFXPHQWDWLRQ RI WKH GLVWULEXWLRQ RI SHUVRQDO LQFRPH
[https://www.bea.gov/data/specialpics/distributiorof-personaincomg
2While this chapter emphasizes price indexes for subgroups defined by income level, there are other
important population dimensions to considenice indexes for subgroups defined by @ag., older populations)
that account for differences in priceaid should also be a high priority because of their potential applications to
policy programsAs revealed byregional Price Paritiedeveloped by BEA, there is alsonsiderable regional
dispersion of inflation rates.
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other national statisticsuch as poverty and savings rates that regiata fromthe CEXcould
also benefit froma larger national samp(@riplett, 1997)

While the aboveconclusions areo doubtcorrect,it has become less clearrecent
decadeshat expanding the CEX is the most effective route to building cagacigstimaing
subgroup price indexes, as argued in Chapter 3, even to making the expenditure share weights
for the flagship CPI more ac@ate A clearcause for concern is tlieture viability of the CEX
specifically, thedual problens of decliningresponse rateand increasingoss? a pointmade
repeatedly in this report.

Even moregermando the question of subgroup indexaswever, is the need to
simultaneously colledioth expenditure data atichely information on prices paiakthe
detailed item levelAs evidenceaccumulatesf differential priceinflation experiences for
similar (or identical)goodspurchased by diffent householdgheinadequacyf indexes
constructed solely bye-weighing expenditureshares has become appareiideed indexes
based on such partial informatiare just asikely to misleadas to enlighten because a sense,
theyonly pretend to answer a question ttiety are not equipped smswerFor this reasan
other directions should be pursuglden planning theevelopnent of price indexes for
populationsubgroup.

Recommendation 6.2 Even though the marginal cost of such exsasiisnot high,
valuable CPI program resources should naddeedto developingadditionalsulgroup
priceindexes thasimply entailare-weighing of upperlevel expenditure categories

The authoring panel &t What Price?DUJXHG WKDW 3%/6 VKRXOG H[SORU
LQ D zD\ WKDW DOORZV WKHP WR EH DVVRFLDWHG ZLWK KR X\
requireadditionalresources fodata expansio(NRC, 2002 p. 241).Althoughthe current panel
agreas with this conclusionthe point made abovethatputting all resourcefor developing
subgroup price indeesinto the CEX would be the wrong way to §as worth reiterating here.
Sincedataareneeded not only on broad expenditure shares, but also on-giithta shopping
behavior and effective prices pall.S will need to pursue aone expansive data infrastructure
for measuringlifferential inflation across the income distribution

An important first stepnBLSfV UHVHDUFK DJHQGD V KeRott@iiheEH WR LG
most promisinglata sources fdinking prices paid tdhe householdgor groups of households)
making the purchaseAs describedn Chapter 3anadmittedly ambitiousong-term visionis to
fund establishment @&nin-house capacitfor BLS to collect and coordinate electronic
transaction data for tracking pricasdproductinformationfor individual purchasesSuch a
programmightincludesetting upa home scan projeétperhapsinitially, as a smaiscale pilot
within the CEX? in which participants record their purchases or scan their final rec&pt
several options are available forking prices paid to particular househaldis the shorter run,
during the testing phase, it is likely that BLS will have to buy‘d&adtathe longerun the agency
may be able taollectits owndatadirectly.

BThe Nielsen Consumer (Homescan) &las the most prominent example of this kind of third party. The
Homescan panel tracks the expenditures of about 55,000 households who scan the bar codes of their purchased
items. Prices are then downloaded from the store where the item was purchased.
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As with other aspects of CPI modernization discussed in this reporeal longerm
promisefor creative initiatives for subgroup indexasmes with the increased availability of
micro date? in particular householebasedscanner data amuerhapdransactions data from
credit/debit card purchaseshelp estimate expenditure weightthat contain information on
prices thaindividual households actually pay and on detali®ut thatems purchased.hese
kinds of data allow comparisons of the prices paid by goods with the same barcode across
households with different incomes or other characteristics.

Where possibleghese data elements should be used in ways that complement the
StDWLVWLFDO V\VW Ky sBurcesna dldndeR dhve infeasifucture. For example,
the ACS is a valuablsource of information ohousehold characteristissich asncomeand
geograpl. Moretti (2013)usal ACS data on rent® examine rent iétion by education group
At some point, it may becomeable to Ink ACS records witldataon household transactions
from credit cardand other electronidatasourcesThis kind of data integratiomyhere prices of
purchases are linked gpecific households ZRXOG UHYROXWLRQL]H VWDWLVWLF
develop subgroup price indexes

While opering new doors for studying expenditure patternthagranular levels needed
to more fully measuralifferences innflation by income goup, electronic tansactions dataat
least as currently generateb not cover all consumer expendigyiadeed, several key
categoriesre missingFor this reason, agescribed bylaravelD Q G 2  &(ROQ0A)D tRduhext
generation of empirical studies of inflation inequality will need to draw not just$aamner
data fortrackingfastmoving consumer goodbutalso fromadditional,alternative data sources
on other sectors

Recommendation 6.3To identify and otain the dataecessary to estimate accurate
subgroup price indexgro one size will fit every category of goods and services. BLS
will have to be creative and flexible in finding and blending different data sources.
Exploiting commercial datasets @range ofhousehold purchasesll be essential

The abovedescribed researdimking individuals to their purchasesrongly suggestthe need
for approaches that blend multiple data sosince way that account fahe full rangeof
consumer expenditureBspecially important atdose categories that are likely to impart
disproportionate impacts onflation measuresThe goal should be to take advantage of both
survey data, typically from statistical agencies, that cover thedosumption baskeincluding
item categories for whicelectronictransaction data are still incompleé®d commercial data
sources that allow deep analyses of price and product detail for specific sectors.

% / 6 fegedsch program wilhitially need o focus ona limited set of goods for which
data on prices paid and inconmurchasing househol@se availableAs also recommended
by NRC (2002, work on subgroup indexes, designed to investigate several alternative
approacheshouldbeinitially conductedor aselection ocommodity categories and
demographic groupsAs this research develops, BLS should be open to publishing a range of
experimentapriceindexes as warranted by research and user neegsogress is made on
developirg subgroup price indexeBLS will need tomaintain a strong communications effort to
help users understand the best ways to utilize newly developed indexes as well as their
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limitations. This communication strategy may be all the more importarguogrog index
programs since tlyehave significant implications if used for indexing
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7
Organizational Considerationsand
Overarching Guidance

This report is intended to provide actionable stegh@8ureau of Labor StatisticBI(S)
continues modernization of iGonsumer Pricendex (CPI) program.While recommendations
for advancing the data infrastructure supporting elementary price index estimation, higher level
index aggregation, and other aspects of CPI construgziBlUH WKH SDQHO&§MwWSULPDU\ |
systemic considerations are preseragdvellin this concluding chapter.

7.1.COORDINATION WITHIN BLS

A shift toward greater use of alternative and nontraditional data sources is a complex task
touching on many dimensions of CPI data acquisition and methodology. This feature creates
challenges for @anizational authority and accountability within BLS. To meet this challenge,

BLS should build data modernization into its organizational structure.

Recommendation 7.1BLS should designate a single, hilgtvel person within the

agency preferably as thdeputycommissioner levelwhose job is to leadata
transformation efforts. Having this responsibility explicitly designated would facilitate a
focused, coordinated effort and would ensure accountability. This person also could be
the visible point persofor coordination witlthe Bureau of Economic Analysithe

Census Bureal).S. Department of Agriculturend other statistical agencies that are
likewise in the process of data modernization initiatives. A key objective is to avoid
duplicative efforts that likely would arise if data transformation proceeded in a more
decentralized (siloed) way within BLS.

The data transformation lead would also be part of the team tasked with developing
communication strategies to work with Congress to seek the necessary resources to implement
changes and highlight the value of the task to user communities and to thé pebblera
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7.2. INTERAGENCY COLLABORATION

The decentralized design of the U.S. statistical system heightens the need for thoughtful
collaboration among statistical agencies as data modernization proceeds. Abrahamt, al. (20
p. 16} describé the situation:

A central set of challenges for realizing the potential of Big Data for economic statistics
DULVHV IURP WKH zZD\ LQ ZKLFK WKH DJHQFLHVY FROODEI
other are structured. Historically, each of thee¢hmain economic statistics agenéies

the BLS, Census Bureaand BEA? has had a welllefined set of largely distinct

responsibilities. Although there always has been collaboration among the agencies, each
agency collects the information from businessesitimeeds for specific statistical series

and produces those series independently. In a Big Data world, however, there are

compelling reasons for agencies to adopt more integrated data collection and production
processes.

Key economic indicators such aational output and income rely on data produced from
the multiple statistical agencies identified in the above quote. Although coordination already
exists among these agencies, more will be needed for the acquisition and innovative use of
alternative datsources in these efforts.

Recommendation 7.2More extensive collaboration betweBhS, the Census Bureau,
andthe Bureau of Economic Analysisalong with other statistical agencies that collect
key economic data, such e U.S. Department of Agricultufels needed to advance the
acquisition and use of alternative data sources in the production of economic indicators.
More specifically, such coordination will allow the statistical system to negotiate
common, unified, comprehensive contracts with companigse( not multiple times) that
collect applicable data.

USDA could be a particularly valuable partner. tié¢ SDUWPHQWTTV (FRQRPLF 5H
Service (Food Economics Division), which collects data to inform policies related to federal
nutrition assistance programs, has a history of acquiring proprietary scanner and other
transactions data for the purpose of estimating food prices, quantities of sales, and acquisition of
food for athome and awajrom-home eating (NASEM, 2020Ix might also beuseful to include
agencies that perform research and use data extensively, such as the Energy Information
Administration, the Office for Financial Research, the Federal Resargthe Department of
TransportatioffV . % XUHDX RI 7UDQVSRUWDWLRQ 6WDWLVWLFV

Idedly, collaboration among the statistical agencies would culminate with the creation of
aJoint Office to administer collection of electronic data. For example, if the Census Bugmeau
interested in a large datasétyvould coordinate withis statistichagency partners who would all
be able to access the dafaordinating such acquisition, while adding interagency complexity,
has the potential to reduce duplication, save resources, and enhanagerassspillovers.

Indeed, brmalizing institutionatoordination of data acquisition would sigealnmitment by

thttps://www.nber.org/system/files/chapters/c14265/c1426b.pdf
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senior leadership of the statistical agencies to the increased use of alternative data. In the case of
the CPI, these efforts would help lay the foundafara world when most transactions leare
electronic recordwhich, in turn, may ultimately become the principal source of input data for
price measurement.

The call for greater interagency collaboration in securing data from outside the statistical
system is consistent with similar recommeiatas put forth in other reportsAn important task
of the joint effort by the statistical agencies would be to create incentives for nongovernment
data producers to engage in puigitvate partnerships. The agencies will need to be creative in
establifiing mutually beneficial agreements that might, for exangsfer valueadded products
back to data providers in return for data access. For the most part, this work will require breaking
new ground although some organizations have made progress aleadjrtes. For example,
Adobe InsightgLasiy, White,andPandya, 2020) collects merchant data on online transactions
to produce timely estimates of spending and quantities of varieties of certain Adobs.
worked out a deal with retailers to provide temark indexes that are useful to clients. This
initiative created the opportunity to make comparisons across peer firms, and that inducement
was enough to persuade retailers to provide data. Similarly, Statistics Netherlands sent selected
indexes back tdata companies in return for the source data.

7.3. COLLABORATION AND COMMUNICATION

BLS should cast its collaborative efforts more broadly, beyond the U.S. statistical system,
as well. With price measurement in particular, ample opportunities exist to replicate (with
needed modifications) innovative approaches to the use of alternaaveotdaces that have been
developed by variousonU.S. national statistical offices.

Recommendation 7.3BLS should enhance its contacts and collaborations with CPI

staff in statistical agencies beyond the U.S. system. Other countries have made dignifican
progress on data transformatibgpecifically in methods blending scanner andweb

scraped data with survey souréesnd CPI staff would benefit from more fully

investigating successes and failures experienced during these efforts.

Some of the most innovative use of alternative datasets has taken place in academic settings, so
continued collaboration by BLS witlcademi@and other outsidexperts is likewise encouraged.

Recommendation 7.4BLS should enhance its interactions withtside experts (in
academia, industry, and elsewhetepugh collaborative research to leverage the latest
advances in research on price measurement methods.

2NASEM (2017, p. 3) recommended that a higlesel crossDJHQF\ HQW LW\ 3VKRXOG DVVLVW IH(

agencies in identifying data sources that can most effectively inforargéh&on of national statistics, help develop
techniques to use data from these sources to compute national statistics while respecting privacy and other
SURWHFWLRQ REOLJDWLRQV RQ WKH GDWD DQG QXUWXUH WKH H[SHUWL)\
https://www.nap.edu/read/24893/chaptghe Interagency Council on Statistical Policy (ICSP,
[https://www.usa.gov/federalgencies/federahteragencycounciFon-statisticalpolicy)2 HVWDEOLVKHG WR 3LPSU

FRPPXQLFDWLRQ DPRQJ WKH VWDWLVWLFDO DJHQFLHV  DQG ZKLFK LQFO>»
agencie$ may provide a good stamtj place.
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Existing venues that could be particularly valuable for these efforts include the Federal
EconomLF 6 WDWLVWLFV $GYLVRU\ &R P PdadVisoiddinmitie@$uhicld Q G W KH
could play a larger role in guiding data transformation efforts. BLS also could look to models
used by statistical agencies in other countries, such as the Statistics &hnade/ board
model, which includes rediime consulting on data modernization issues as theyzarise.
The type of data modernization for the CPI envisioned in this report will require a
technical staff with an expanded set of statistical and computbsikitia. The panel recognizes
that BLS is well aware of these staffing challenges. Accordingly, while BLS should expand
collaboration with experts from beyond the agency (and beyond the statistical systemy), a long
term goal is certainly to expand and redt its own iRKRXVH VWDIIfV VNLOO SRUWIR(

Recommendation 7.51n addition to hiring staff with data science skills, BLS should
strive to develop this talent-imouse by supporting and rewarding staff who pursue
training and educational opportunitiesdevelop the technical expertise that will
facilitate data transformation efforts in coming years.

This message that has been articulated frequently in other recent idp&EM (2017, p. 149),

IRU H[DPSOH UH F RbdradiQtiGtidaGaghnedHsnouid ensure their technical staff

receive appropriate training in modern computer science technology including but not limited to

database, cryptography, privapgeserving, and privaeH QKD QFLQJ WHFKQRORJLHYV ~
Since confidence in anghderstanding by data users of official statistics is critical,

successful modernization of the CPI will require that BLS provide clear and consistent

communication about the-gesign on an ongoing basis.

Recommendation 7.6 As CPI modernization proceed.,.S should ensure that key
information is readily available to all stakeholdeérsuch as by posting in an easyfind
location of the website including advance notice of changes, detail about alternative

data sources incorporated, transparency aroundigg@al indexes, and updates on the
timeline for the project as it evolves. The agency also should aggressively and frequently
communicate with stakeholders in the usedresearch communities.

Such updates and visibility will be especially importanimyitimes of rapid changes, such as
the dramatic shift in purchasing patterns during the pandemic and the associated heightened
interest in the compiling of CPI relative importance weights during and following the pandemic.

More generally, the key is f@BLS to ensure that stakeholders can plan and use data
appropriately. A key element of this communication, as alternative data sources are incorporated
into the CPI, is to ensure that stakeholders know the specific sources of data and index
methodology use for individual components as well as the terms on which BLS obtained the
data so that all users are an equal footing in interpreting CPI releases.

One statistical office that undertook aggressive and frequent communication about the
use of alternativeata sources is the Australian Bureau of Statistics. That agency collaborated
with international experts (including statistical offices in other countries) and consulted with key
stakeholders (e.g., the Reserve Bank of AustrddeaTreasuryand the Depament of Social

3Information about Statistics Canada advisory groups can be found at
[https://www.statcan.gc.ca/en/about/releyant
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Services) to resolve outstanding methodological issues associatets déta modernization
effort, particularly the use of transactions data to compile the Etimating parallel series
based on alternative data for an experimerdabp, as suggested belowi)l support data
quality and public perceptions of integrity of the data collection changes.

74. DATA ACQUISITION AND ACCESS

Beyond contenbriented questions about coverage and representativeness, scope of
variables, and transparency regarding methods, the potential of commercial data sources is often
limited by legal access hurdles and privacy conceMAsSEM, 2020, p. 1245.Indeed,
sometimes even data sources (e.g., administrative records) from otheileagee inaccessible.

BLS documentation indicates that the main obstacles to adopting the kinds of information that
could naturally be applied to price measurement, such asevaped data, have been
administrative and legéKonny et al.2019,p. 7).

Concerns regarding web scraping have arisen both internally and from respenitients
ensure all alternative data used in research or production is protected under CIPSEA
BLS must provide establishments, including those whose data we coHiae owheher
manually or automatically, a pledge of confidentiality promising to use the information
for exclusively statistical purposes. In the case of web scraping, BLS cannot proceed
without permission of the establishment

An additional challenge that hasdmeraised is the possibility of a data source that BLS
GRHVY QRW GLUHFWO\ FRQWURO GLVDSSHDULQJ RU EHLQJ VLJ
motivations for producing the data change. Further, data purchased from vendors may have been
sampled, cleane@nd aggregated in a way that does not best serve the purposes of constructing
the CPIL.BLS and other statistical agencies must be mindful of the high stakes, in terms of policy
and market impacts, associated with methodological changes to the CPI.

The @nel recognizes these challenges. Nonetheless, the case for CPI modernization and
the greater use of alternative data is compelling and the panel believes that the BLS, in
coordination with the other statistical agencies, can effectively overcome orgarakat
administrative, and legal hurdles to move forward while maintaining the high quality the CPI is
known for. Moreover, as legal and administrative frameworks become more established and
standardizedhese efforts should become more routine.

“For a description of this effort, see
www.abs.gov.au/AUSSTATS/abs@.Nsf/39433889d406eeb9ca2570610019e9a5/40fc971083782000ca25168e002c8
45b!OpenDocument

SSeeDemocatizing Our Data: A Manifestdoy Julia Lane, which includes a probe into the bureaucratic and
other obstacles that have impeded progress on data modernization in the U.S. statistical system.

5The Confidential Information Protection and Statistical Eéficiy Act (CIPSEA) of 2002 requires that data
collected be used strictly for statistical purposes and promises respondents high levels of data protection against
disclosure of confidential information. Skmsplementation Guidance for Title V of the@®vermrment Act,

Confidential Information Protection and Statistical Efficiency Act of 28102
[https://obamawhitehouse.archives.gov/étefault/files/omb/assets/omb/inforea/proposed cispea guidanice. pdf
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