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1. Introduction
Since air travel prices were deregulated in 1978, air-
lines have offered a variety of fares–often carrying
extensive restrictions–for the same basic services.
The internet now provides consumers with service
and fare options that literally change by the minute,
reflecting airlines’ efforts to compete in a challeng-
ing market and to fill all seats on every flight. These
factors, together with a host of special discount
programs (e.g., frequent flyer awards, credit card
points), greatly complicate the task of estimating
price movements for commercial air travel.

The Bureau of Labor Statistics publishes both
a consumer price index (CPI) and a producer price
index (PPI) for airfares. Due to a tight publication
schedule, BLS collects the price quotes from the
SABRE system (an airline ticket reservation sys-
tem) for the CPI and from airline pricing depart-
ments for the PPI. There is no guarantee that these
“list” prices were actually paid by any purchasers.
Moreover, the price sources do not include all the
special discount fares available to consumers. Thus
these index series suffer a bias relative to an index
series based on transaction prices.

While the magnitude of the “list price” bias of
the official airfare indexes is difficult to estimate,
the Bureau of Transportation Statistics (BTS), in
collaboration with BLS, is developing a new, more
extensive set of price index series for air travel. The
new indexes will be based on data from BTS’ Pas-
senger Origin and Destination (O&D) Survey, de-
scribed in the next section. One issue that must
be addressed for nearly every new index estimation
system is the choice of an appropriate index “chain-
ing” interval. In Section 3 below, we describe the
index chaining process, and, in Section 4, we discuss
an empirical study in which we compare alternative
chaining intervals for the BTS airfare indexes. Sec-
tion 5 provides an overview of current BTS plans
related to the new index series. Detailed formulas
and graphical results appear in the appendices.

2. Price Indexes and the O&D Survey
A price index is a measure of change in the value
of a monetary unit. In estimating an “all items”
price index, government statistical agencies gener-
ally compute a large number of “sub-indexes”–
indexes indicating change in the monetary unit’s

∗Research for this paper was performed at the Bureau of
Labor Statistics (BLS). Opinions expressed are those of the
author and do not constitute policy of the BLS or the BTS.

purchasing power with regard to specific, usually
narrowly defined, categories of goods or services.
Thus we may compute a separate price index for,
say, washing machines, breakfast cereals, or, as in
the case in point, airline tickets.

To compute an airfare sub-index for the CPI,
BLS selects a sample of airline itineraries, with
sampling probabilities proportional to expenditure
shares, from a frame provided by BTS. The frame
is a subset of the itinerary-level data that BTS col-
lects from the airlines through the Passenger Ori-
gin and Destination. BLS then prices the selected
trips each month, gathering price data from the
SABRE system and combining these with expen-
diture share weights computed using data from the
O&D Survey and the Consumer Expenditure Sur-
vey. (For more information on the BLS method,
see http://www.bls.gov/cpi/cpifacaf.htm.)

The O&D Survey sample is a quarterly 10%
sample of airline tickets used by passengers for
travel during the reference quarter. Tickets pur-
chased but not used are out of scope of the survey.
Each airline ticket issued by the reporting carriers
(which include all major domestic airlines) is identi-
fied by a unique serial number. If the number ends
in “0,” the ticket is in the O&D Survey sample, and
the issuing airline reports itinerary information on
the sample ticket to BTS. Data items collected in-
clude trip route, class of service (e.g., coach, first
class), and transaction fare including taxes. Since
the serial numbers assigned to airline tickets are es-
sentially random, we treat the O&D Survey sample
as a simple random sample of itineraries flown.

The O&D Survey’s scope encompasses all
itineraries having some U.S. component, i.e., ev-
ery itinerary that includes a flight to or from a do-
mestic airport is in scope. Although BTS collects
O&D Survey data from foreign as well as domes-
tic air carriers, confidentiality constraints currently
prevent the use of the foreign carrier data for statis-
tical purposes. Thus BTS estimates price indexes
based on data from domestic carriers only.

When goods and services are sampled for the
purpose of estimating a price index, the sample
items generally remain in sample over an extended
time period (e.g., two years) unless they’re taken
off the market by the retailer. The stable sample
allows comparison of prices across time for identical
items. Ratios of prices in different time periods for
individual items (often called “price relatives”) are
the building blocks of the traditional price index
formulas. In the O&D Survey, however, the sam-
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pling is performed independently for each quarter.
Since the itineraries selected in a given quarter may
not “match” those selected for a previous or subse-
quent quarter, we developed and tested a two-stage
process for matching categories of itineraries across
quarters and comparing average prices within cat-
egories across time. The ratio of average prices for
different time periods is called a unit value index.
These sub-indexes form the bases of all of our index
estimators.

3. Price Index Formulas and Index Chaining
Price index literature provides many formulas that
can serve as “targets” for a price index estimator.
Different formulas rely on different assumptions re-
garding the behavior of purchasers. In the “fixed
market basket” approach, we assume that pur-
chasers continue to buy the same fixed set of items
regardless of changes in relative prices. For this ap-
proach, we can simply select a collection of goods
and services (in fixed quantities) and track the total
price of the “market basket” across time. The fixed
market basket idea underlies the Laspeyres index

Lt1,t2 =

PN
j=1 qj,t1pj,t2PN
j=1 qj,t1pj,t1

=
NX
j=1

wj,t1

µ
pj,t2
pj,t1

¶
,

(3.1)
where, for each item j in the population of N goods
and services, pj,tk and qj,tk represent the price and
quantity purchased, respectively, in time period tk
for k ∈ {1, 2} , and wj,tk = qj,tkpj,tk/

P
j qj,tkpj,tk ,

the expenditure share for item j in period tk. In our
airfare index application, as noted above, we cannot
compute the individual price ratios pj,t2/pj,t1 for
the Laspeyres formula. We use instead the unit
value index uc,t1,t2 as defined in Appendix A for a
given category c of airline itineraries or flights. The
resulting Laspeyres estimator takes the form

bLt1,t2 = X
c∈Ct1,t2

wc,t1uc,t1,t2 , (3.2)

where Ct1,t2 is the collection of itinerary (or flight)
categories populated by sample records in both
time periods t1 and t2. A second index based on the
fixed market basket approach is the Paasche index,
estimated in our application as

bPt1,t2 =
 X
c∈Ct1,t2

wc,t2
uc,t1,t2

−1 . (3.3)

In the “Cost of Living Index” (COLI) approach
to index calculation, we seek to estimate the change
in the cost of a fixed level of consumer satisfaction
or “utility,” rather than the change in the cost of
a fixed collection of goods and services. Motivated

by economic utility theory, this approach allows for
the possibility that, as relative prices change, con-
sumers may revise their market baskets to obtain
a constant level of utility across time. (For more
on index numbers and the COLI approach, see, for
example, Diewert 1987 or Reinsdorf 1998.) Two in-
dex formulas based on the COLI approach are the
Fisher and Törnqvist formulas, whose estimators
may be defined, respectively, as follows:

bFt1,t2 =qbLt1,t2 bPt1,t2 (3.4)

and bTt1,t2 = Y
c∈Ct1,t2

u
(wc,t1+wc,t2)/2
c,t1,t2 . (3.5)

Unlike the Laspeyres and Paasche indexes the
Fisher and Törnqvist formulas involve expenditure
share weights (wj,tk) from both periods t1 and t2.
By using this additional data (which is unavail-
able in many applications), we may account for
consumer substitution behavior, avoiding the un-
certainty associated with assuming a fixed market
basket. (For more on estimating a COLI from sur-
vey data, see Shapiro and Wilcox 1997 or Dorfman,
Leaver, and Lent 1999.) The extent to which con-
sumers change their buying behavior in response
to changes in relative prices can be quantified by
the “elasticity of substitution.” A zero elasticity is
equivalent to a fixed market basket.

Price index chaining is estimating long-term
price changes as products of shorter-term changes
(“links”). For example, suppose the price of a
widget moves as shown below for time periods 1
through 4:

Time: 1 2 3 4
Price: 1.00 0.55 1.10 1.10

A direct measure the change between periods 1 and
4 is

I1,4 =
1.10

1.00
= 1.10.

The corresponding chained measure is

I 01,4 = I1,2I2,3I3,4

=

µ
0.55

1.00

¶µ
1.10

0.55

¶µ
1.10

1.10

¶
= 1.10.

In practice, the intermediate links It−1,t may be
estimated changes for a category of items; in this
case, we generally have I1,4 6= I 01,4.

For practical reasons, index chaining is widely
used by government statistical agencies in comput-
ing price indexes. Both the universe of available
goods and the sample of items used for index com-
putation are in constant flux; new products are in-
troduced daily, and the sample is routinely rotated
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to keep pace. Short-term changes may therefore be
measured more accurately than long-term changes:
the samples for two consecutive months, for in-
stance, contain many more comparable items than
the samples for two months one year apart. Some
chained index estimators, however, are subject to
systematic biases relative to their direct counter-
parts (see, for example, Szulc 1983). The magni-
tude and direction of the “chain drift” depend on
the index aggregation formula, the economic behav-
ior of the purchasing population, and the properties
of the sample survey data used in estimation.

The theory of index chaining was expounded
by Divisia (1925), who used integral calculus to for-
mulate a chained index with arbitrarily short links.
Richter (1966) presented invariance axioms for a
variety of index numbers, including price indexes.
More recently Forsyth (1978) and Forsyth & Fowler
(1981) concluded that the choice of chaining inter-
val (or link length) came down to a choice between
“transitivity and representativity.” Direct indexes
provide the former, since they are independent of
the pattern of price change between the two refer-
ence periods of interest. Chained indexes, however,
provide more representativity: their shorter links,
being less affected by factors such as the flow of
goods in and out of the market, are stronger indi-
cators of actual price change.

4. Empirical Study of Chaining Intervals
In the airfare index application we consider here,
the trade-off involved in the index chaining deci-
sion is further complicated by an unconventional
index estimation method. Since the O&D Survey
sample itineraries are selected independently every
quarter, and since airline itineraries are customized
items, we cannot match every sample itinerary (by
means of unit value indexes, as explained above), to
an “identical” itinerary in a preceding or succeed-
ing quarter. Our matching procedures, described in
Lent and Dorfman 2003, result in about 90% to 95%
of itinerary segments (i.e., individual flights) be-
ing matched across consecutive quarters. Matching
itineraries across non-consecutive quarters, how-
ever, reduces this percentage. When we matched
fourth-quarter data sets for consecutive years, for
example, we found that the number of segments
matched was roughly 75% to 80% of the number
matched in consecutive quarters. Air carriers con-
stantly enter and exit service markets, causing a
steady reduction in the percentage of itineraries
matched as the time between the quarters consid-
ered increases.

Study Methods. Because the matching percent-
ages were unacceptably low for quarters more than
one year apart, we compared quarterly chained

index series to their annually chained counter-
parts, noting that annually chained indexes are
less susceptible to drift. The goal of our empiri-
cal study∗ was to evaluate the severity of the chain
drift in the quarterly chained indexes under the
Laspeyres, Paasche, Fisher, and Törnqvist formu-
las given above. (See Appendix A for detailed index
formulas based on the different chaining intervals.)
We used O&D Survey data from the first quarter
of 1995 to the first quarter of 2001.

The charts appearing in Appendix B show
index series that are representative of the over-
all study results. Many of the series display a
“break” in the 1997-98 period, which coincides with
a change in O&D Survey reporting procedures and
thus does not necessarily indicate price change.
The break is useful, however, for examining the
relative effects of extreme valued subindexes on the
aggregate indexes computed by the different formu-
las.

Study Results. Figures 1 through 4 display
quarterly and annually chained series, based on
the Fisher, Törnqvist, Laspeyres, and Paasche for-
mulas for all classes of service and all geographic
areas combined. At this highest level of aggrega-
tion, we see no evidence of chain drift in the Fisher
and Törnqvist series (Figures 1 and 2): differences
between the quarterly and annually chained series
are barely noticeable. Moreover, differences be-
tween the Fisher and Törnqvist series can be traced
primarily to the 1997-98 break mentioned above,
which affects the Törnqvist series more than the
Fisher. (See Lent 2002 for a discussion of the rea-
sons for this.) The quarterly chained Laspeyres
series (Figure 3), however, is clearly subject to a
slight upward drift relative to the annually chained
series, while the quarterly chained Paasche (Figure
4) shows a slight downward drift. The mild quality
of these drifts indicates a low but positive elasticity
of substitution between the unit value categories.
Elasticity estimates computed for this application
are generally quite low: although consumers may
readily substitute between the services of different
air carriers, they generally will not substitute one
travel destination for another.

Figure 5 provides a comparison of the annu-
ally chained Fisher, Laspeyres, and Paasche series,
which are virtually indistinguishable from one an-
other. Differences between the quarterly chained

∗For the purposes of the study, we performed only
itinerary-level (first stage) matching, since previous stud-
ies indicated that, for the air travel categories examined,
the index series relying only on itinerary-level matching dif-
fered little from those produced through both itinerary- and
segment-level matching. See Lent and Dorfman (2003) for a
discussion of the matching procedures.
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versions of the three series (Figures 1, 3, and 4)
can thus be attributed largely to chain drift in the
Laspeyres and Paasche indexes. Though the chain
drift in these indexes could be corrected through
the use of a combination of quarterly and annually
chained links, such a procedure would complicate
index computation, and we would expect the cor-
rected Laspeyres and Paasche series to closely track
the quarterly chained Fisher.

The remaining series shown Appendix B are
all based on the Fisher formula. Figures 6 through
8 show quarterly and annually chained Fisher in-
dex series for three “class of service” categories: re-
stricted coach class, unrestricted coach class, and
unrestricted business class. A ticket is considered
restricted if the fare paid carries any restrictions
on service, e.g., the passenger may be required to
book the trip two weeks in advance or stay at the
destination over a Friday or Saturday night. For
the largest service category, restricted coach (Fig-
ure 6), there is no discernible difference between
the quarterly and annually chained Fisher series.
For the second-largest category, unrestricted coach
(Figure 7), slight differences are noticeable, but we
see no systematic upward or downward drift in the
quarterly chained series relative to the annually
chained series. Figure 8 shows the series for un-
restricted business class service, one of the small-
est categories. Here the quarterly chained series
shows a pronounced separation from the annually
chained series at the 1997-98 break. Since the two
series continue roughly parallel to each other after
the break, however, we again have no evidence of
chain drift in the Fisher index estimates.

One of the advantages of the O&D Survey in-
dexes over the official CPI is the greatly increased
sample size, which allows estimation of index se-
ries for states and even for moderately large cities.
Figure 9 in Appendix B shows quarterly and annu-
ally chained Fisher series for itineraries originating
in two specific cities, New York and Minneapolis.
For trips originating in the New York/Newark area,
we see no difference between the quarterly and an-
nually chained series. For Minneapolis–a consid-
erably smaller city–the differences are discernible,
but they occur primarily at the 1997-98 break and
provide no evidence of systematic drift. We con-
clude that chain drift is not a concern for the quar-
terly chained Fisher series, even at this fairly low
level of aggregation.

5. Future Plans for the O&D Survey Index
Lent (2002) examined the effects of extreme price
values on the O&D Survey index series and con-
cluded that the Fisher index formula was more ro-
bust to outliers than was the comparable Törnqvist

formula. The study described above leads us to fur-
ther conclude that a quarterly chained Fisher in-
dex would be relatively robust to chain drift. BTS
is therefore planning to put the O&D Survey in-
dex series into regular production using a quarterly
chained Fisher index formula. As indicated above,
the index series produced will provide a high degree
of geographic detail (e.g., city level indexes), allow-
ing airline industry analysts and government policy
makers to examine the effects of airline industry
events on a large number of geographic groups.

The primary limitation of the planned index
series is the time lag currently needed to compile
and edit the O&D Survey data. Because of the four
to five month lag, the O&D Survey indexes cannot
be produced in time to be included as components
of the BLS All-items CPI. Moreover, the current
O&D Survey data are categorized only by refer-
ence quarter, while the CPI is published monthly.
In the future, however, BTS plans to collect more
detailed, timely airfare data, which may eventually
allow monthly O&D Survey air travel price indexes
to be produced on a more timely basis.
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Appendix A: Formulas for Quarterly and
Annually Chained Indexes
A measure of relative change in the price of a par-
ticular item j between quarters t1 and t2 is the price
ratio pj,t2/pj,t1 , where pj,tk represents the price of
item j at time tk for k ∈ {1, 2} . Since each quar-
terly O&D Survey sample is independently drawn,
we cannot match each individual itinerary with an
identical one in the following (or previous) quar-
ter and compute individual price ratios. We there-
fore compute unit value indexes (defined below) for
itineraries (in the first stage) within each unit value
category c ∈ Ct1,t2 , where Ct1,t2 is the collection of
categories populated by sample itineraries in quar-
ters t1 and t2. (In the second matching stage, the
categories are defined in terms of characteristics
of individual flights. For definitions of the first-
stage categories and other details of the estimation
method, see Lent and Dorfman 2003.)

Let qj,tk be the quantity of item j purchased
in period tk, and let

qc,tk =
X
j∈c

qj,tk .

The unit value index estimator for category c is
defined as

uc,t1,t2 =

P
j∈c qj,t2pj,t2/qc,t2P
j∈c qj,t1pj,t1/qc,t1

.

In words, the unit value index is the average price
of an item in category c during quarter t2 divided
by the average price of an item in category c during
quarter t1.

For quarterly chained indexes, we always use
two consecutive quarters as the reference periods in
the calculation of unit value indexes, i.e., t2−t1 = 1.
Thus, for example, we compute a unit value in-
dex measuring price change between the third and
fourth quarters of 1999 for each category cq ∈
C99Q4,00Q1 as follows:

ucq,99Q3,99Q4 =

P
j∈cq qj,99Q4pj,99Q4/qcq,99Q4P
j∈cq qj,99Q3pj,99Q3/qcq,99Q3

.

By contrast, the annually chained indexes are based
on unit value indexes computed for reference quar-
ters one year apart, i.e., t2 = t1 − 4. To maxi-
mize the number of annual “links” we can compute
from the available data, we use the first quarter
of each year as an annual reference period. Thus,
for example, we compute unit value indexes mea-
suring price change between the first quarter of
1999 and the first quarter of 2000 for each category
ca ∈ C99Q1,00Q1 :

uca,99Q1,00Q1 =

P
j∈ca qj,00Q1pj,00Q1/qcq,00Q1P
j∈ca qj,99Q1pj,99Q1/qcq,99Q1

.

Data availability dictates that we may have
C99Q4,00Q1 6= C99Q1,00Q1, i.e., the collection of cat-
egories for which quarterly unit value indexes are
estimated may differ from the collection for which
annual unit value indexes are estimated.

Once the unit value index estimates are com-
puted for all c ∈ Ct1,t2 , we treat them as price ratios
in the standard index formulas. For k ∈ {1, 2} , let

wc,tk =

P
j∈c pj,tkqj,tkP

c∈Ct1,t2
P
j∈c pj,tkqj,tk

,

the expenditure share for category c ∈ Ct1,t2 during
time period tk. (Note that wc,tk depends on Ct1,t2
and would be more clearly denoted by wC(t1,t2),tk .
For ease of notation we leave this dependence im-
plicit; for typographical clarity, we also use the no-
tation tk, k ∈ {1, 2} , in place of tk in some of our
subscripts.) We estimate the Laspeyres, Paasche,
Fisher, and Törnqvist indexes using these compo-
nents and the formulas given in Section 3.

The differences between the quarterly chained
and annually chained series lie in the relative values
of t1 and t2. For the quarterly chained indexes, t2 =
t1 − 1 for all aggregate indexes, e.g., we compute

bF99Q4,00Q1 =qbL99Q4,00Q1 bP99Q4,00Q1.
Similarly, for the annually chained indexes, t2 =
t1 − 4, and we compute

bF99Q1,00Q1 =qbL99Q1,00Q1 bP99Q1,00Q1.
To estimate long-term indexes with base quarter
95Q1, we set all index values equal to 100 for the
base quarter. For each subsequent quarter tk, we
compute long-term indexes by multiplying the long-
term index for the previous quarter tk − 1 (or, for
annually chained indexes, tk − 4) by the value of
the short-term index bItk−1,tk (or bItk−4,tk), wherebI ∈ nbL, bP, bF, bTo . That is, for quarterly chained
indexes, bI(q)95Q1,tk = bI(q)95Q1,tk−1bI(q)tk−1,tk

= 100

QkY
i=1

bI(q)ti−1,ti ,
where Qk denotes the number of quarters between
95Q1 and tk. Similarly, for annually chained in-
dexes, bI(a)95Q1,tk

= bI(a)95Q1,tk−4
bI(a)tk−4,tk

= 100

AkY
l=1

bI(a)tl−1,tl ,

where Ak is the number of years between 95Q1 and
tk, and tl denotes the first quarter in year l.
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Appendix B:  Figures 

Figure 1
Quarterly and Annually Chained Preliminary Fisher Series

for All Classes of Service Combined, 95Q1=100
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Figure 2
Quarterly and Annually Chained Preliminary Tornqvist Series

for All Classes of Service Combined, 95Q1=100
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Figure 3
Quarterly and Annually Chained Preliminary Laspeyres Series

for All Classes of Service Combined, 95Q1=100
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Figure 4
Quarterly and Annually Chained Preliminary Paasche Series

for All Classes of Service Combined, 95Q1=100
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Figure 5
Annually Chained Preliminary Fisher, Laspeyres, and Paasche Series

for All Classes of Service Combined, 95Q1=100
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Figure 6
Quarterly and Annually Chained Preliminary Fisher Series

for Restricted Coach Class Service, 95Q1=100
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Figure 7
Quarterly and Annually Chained Preliminary Fisher Series

for Unrestricted Coach Class Service, 95Q1=100
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Figure 8
Quarterly and Annually Chained Preliminary Fisher Series

for Unrestricted Business Class Service, 95Q1=100
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Figure 9
Quarterly and Annually Chained Fisher Series

for Trips Originating in New York and Minneapolis, 95Q1 = 100
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