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Abstract

Thi s paper addresses the question of whether products in the U S.
Manuf acturi ng sector sell at a single (commobn) price, or whether
prices vary across producers. The question of price dispersion
is inportant for two reasons. First, if prices vary across
producers, the standard nmethod of using industry price deflators
|l eads to errors in nmeasuring real output at the firmor
establishment |evel. These errors in turn lead to biased
estimates of the production function and productivity growh
equation as shown in Abbott (1988). Second, if prices vary
across producers, it suggests that producers do not take prices
as given but use price as a conpetitive variable. This has
several inplications for how econom sts nodel conpetitive

behavi or.

"This paper presents results based on Chapter Two of my doctoral
di ssertation at Harvard University. The work was carried out at
the Center for Economic Studies. The views expressed are
attributed to the author and do not necessarily reflect those of
t he Census Bureau, Rutgers University, or any of the many

i ndi vidual s who commented on earlier drafts of the naterial. The



author would like to thank zZvi Giliches, Richard Caves, Jerry
Hausman, Robert M Guckin and Peter Zadrozny for their many useful
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| nt roducti on

Several papers have already been witten on the subject of
price dispersion. Theoretical explanations are provided by
Burdett-Judd (1983), Carlton (1979, 1986), Perloff-Salop (1986),
Salop-Stiglitz (1977), and Rei ganum (1979). Mich of this
literature focuses on the inconplete infornmation hypothesis
proposed by Stigler (1961), although one can viewthis as a
speci al case of the product differentiation and nonopolistic
conpetition nodels discussed by Salop-Stiglitz (1977), Stiglitz
(1984) and ot hers.

Enpi rical evidence supporting price dispersion is presented
by Dahl by-Wst (1986), Isard (1977), Pratt et. al. (1979), and
Stigler-Kindahl (1970).' These studies, however, have linited
i npact because they focus on relatively few products. Pratt et.
al ., for exanple, exam n several products in the Boston area,
while Stigler-Kindahl exam n buyer-seller transactions for a few
i ndustrial goods. One cannot generalize these results to
determ ne the extent of price dispersion across industries, or
the level of price variation within industries. This paper

exam nes prices for all 7-digit (SIC) products to determ ne the

't is inportant to note that some of the studies cited are
conducted with objectives other than show ng the existence of
price di spersion and questioning the assunption of a single
mar ket price. For exanple, Stigler-Kindahl's work focuses on
obt ai ni ng accurate aggregate price deflators arguing that BLS
should follow prices frommany di fferent producers. They do not
focus on an explanation for why different producers received
different prices.
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extent and |evel of price dispersion in the US. Mnufacturing
sector.?

The outline of the paper is as follows. The next section
uses the coefficient of variation and a nornalized price range to
measure price dispersion. Mst products exam ned have
significant |evels of price dispersion: 95 percent have a
coefficient of variation greater than 16 percent and a price
range greater than 68 percent. Unfortunately, these statistics
are sensitive to reporting errors and other data anonali es.
Section |1l devel ops a neasure of variation (RD) which is | ess
sensitive to these problens. Under specific distributional
assunptions, RDis conparable to the coefficient of variation.
Approxi mately 75 percent of the products exam ned have RD greater
than 10 percent. Although this is substantially |ower than the

estimated coefficient of variation, it still suggests that there

’The Standard Industrial Cassification system (SIC) was
established in the late 1930's to provide a nethod for the
classification and aggregation of industrial statistics in the
United States (see U.S. Ofice of Managenent and Budget (1972)
for additional details.) The SIC systemis conposed of an
ordered nunber schene simlar to the Library of Congress's
classification of published material by subject matter. The
first two digits of the SIC code are used to designhate major
i ndustrial groups (e.g., Textile MII| Products (22) and Stone,
Clay, and dass Products (32)). The next two digits are used to
break out specific industries within these major groups (e.g.,
Cotton Textile Weaving Industry (2211) and the Hydraulic Cenent
| ndustry (3241)). Finally, individual products fromthese
i ndustries are given seven digit codes (e.g., Finished cotton
Broad Wven Fabrics - Bl eached and Wite Finished (2211711) and
Normal Portl and Cenent ASTM Type | (3241012)). The Bureau of the
Census col lects sone data at the 7-digit product |evel.
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is significant price variation at the 7-digit product |evel. The
final section discusses additional areas of research needed to
fully test the unique price theory, and to determ ne the i npact

of price dispersion for the anal ysis of production.

1. Enpirical Price D spersion

The Bureau of the Census collects data on value and quantity
of shipnments (FOB - plant gate) at the 7-digit product |evel as
part of the Census of Manufactures. |Inplicit average prices
(unit values) are constructed for each establishnent-product in
the 1982 Census of Manufactures. These prices provide the basis
for this anal ysis.

Starting with 804, 757 observations on annual establishnent-
product shipnments, 144,377 observations are found to have usable
val ue and quantity data.® For a general analysis of price
di spersion across plants, the sanple is further restricted to
exclude certain types of broadly defined products: the "Not

Specified by Kind" and "Not El sewhere C assified" products.* And

]'n many instances the Census does not collect quantity
informati on due to the heterogeneity of the 7-digit product
definition. In addition, to insure that the neasured price
di spersion is not the result of rounding errors, the sanple is
further restricted to only those plant-product observations with
three or nore significant digits.

“The SIC classification systemis set up so that a seven
digit product ending in "00" is generally an NSK (not specified
by kind) classification - that is the manufacture did not report
the specific product (seven digit code) that was bei ng produced.
Rat her than contam nate the other data, these observations are
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finally, the sanple is restricted to only those products wth 10
or nore establishnments.?®

| mposi ng these additional restrictions limts the sanple to
a total of 112,630 establishnent-product observations on 2,430
di fferent products. For each product, two statistics are
initially used to neasure the | evel of price dispersion. The
first is the coefficient of variation (CV), defined as the ratio
of the standard deviation to the mean. The second is the
normal i zed price range (RNG, defined as the price range (MAX -

M N) divided by the nean. Summary statistics on the coefficient
of variation (CV) and the normalized price range (RNG for these
products are provided in Table 1.

In addition to these sunmary statistics, Figure 1 provides a
hi stogram of the distribution of the coefficient of variation and
normal i zed price range. Fromthese statistics and figures, it is
clear that price dispersion, as neasured, is a w despread

phenonenon. The average coefficient of variation is 69 percent,

pool ed into one "general" category. Admnistrative Records are
al so frequently included in this NSK cl assification.

Products ending in a '98 or '99' are generally NEC (not
el sewhere classified) product classifications. These products
typically include a mxture of highly specialized products which
get lunped together for purposes of data collection.

For an exam nation of price dispersion across "honogeneous"
products, the author felt the NSK and NEC products clearly
i nappropriate for the analysis and could bias the results.

°In order to accurately neasure the anount of price
dispersion it is necessary to insure that there were nore than
just a few producers of the good.
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the m ninum O, and over 95 percent of the products exam ned have
nore than 16 percent variation. The normalized price range
provides a simlar picture, the average is 398 percent, the
mnimumis 0O and over 95 percent have nore than 68 percent price
range.

It is also clear that there is a large tail to the
di stribution of price variation, as neasured by the coefficient
of variation and normalized price range. The maxi mum coefficient
of variation is 1712 percent, and over 5 percent of the products
have nore than 226 percent variation. Simlarly, the maximm
price range is 42,429 percent and over 5 percent have nore than
1300 percent price range. These latter results clearly indicate
that sonmething is wong with these neasures of price dispersion -
- one would not expect any product to have such a large variation
in prices across producers. Either there are many poorly defined
products or there are a significant nunber of errors in this

dat a.

[11. A Robust Measure of Di spersion

Exam nation of this price data for a single industry -
hydraulic cenent, see Abbott (1988), reveals that the Census
val ue and quantity data contain two types of errors which would
af fect our neasure of dispersion: gross outliers and inputed
dat a.

The first error is that of gross outliers; that is data,
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whi ch coul d not be reported correctly. For exanple, in an
i ndustry with 60 producers, 59 producers sold the product at a
price between $20 and $40, while the remaining producer sold at a
price of $250. Cearly there is a units problemw th the
reported data. This type of error occurs in about 2 to 3 percent
of the data and is nost likely the result of reporting or keying
errors.

The second type of data error is caused by inputations,
observations with m ssing data for which the Census Bureau
i nputed a val ue based on the industry averages. Census data are
coll ected, edited, and maintained for the purposes of
constructing accurate aggregate statistics; not for the purpose
of m croeconom c analysis. As such, audit trails to specific
mcrodata itens are not well maintained and it is not possible
for much of the historical data to determne if a particular
observation is inputed, edited, or is the original reported
data.®

One nethod of dealing with the problem of gross data errors
is to "clean" the data and renove the individual observations
whi ch are deenmed erroneous. Wth over 112,000 observations, this

is not a sinple task. Mreover, if one attenpts to clean the

®I'n the vernacul ar of the Census Bureau, an inpute is a
conput er generated val ue based on a key ratio and the current
"hot-deck”. An edit, on the other hand, is a replacenent val ue
provi ded by the industry anal yst and may cone from one of several
sources including follow up calls and/or anal ysts esti nates.
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data by elimnating observations which are nore than X standard
deviations fromthe nean, it would necessarily bias the estinated
measur e of dispersion downwards. The estinmated standard
deviation of the truncated distribution is not an unbiased
estimate of the true distribution.

An alternative nethod for handling the problem of gross
errors is to use statistics which are nore robust to the presence
of gross errors, as discussed by Henpel et. al. (1986) and Abbott
(1989).7 Under additional assunptions about the distribution of
the true prices, one can use order statistics to obtain robust
estimates of the nmean and standard devi ati on needed to construct
the coefficient of variation. For exanple, under the assunption
that the distribution is not skewed the nedi an provi des a robust
measure of the nean.® Under the assunption that the true

distribution is normal the inner quartile range is approxi mately

‘I'n general, a robust statistic is a neasure which is not
greatly influenced by small deviations in the basic assunptions.
In this context, we are |ooking for a nmeasure of the dispersion
which is not sensitive to the magnitude of the gross errors.

8 The nedian is robust in that given a sanple of
observations, adding an erroneous observation to one of the tails
results in only a small bias in the neasure, for exanple, noving
fromthe 50th to the 51st percentile. Mre inportantly, the
extent of the bias does not depend on the size of the error. The
erroneous observation could be 1 standard devi ation or 100
standard devi ations and the inpact on the nedian is the sane.
Clearly the inpacts on the nean from such errors are very
different.



1. 348 standard devi ations.®
The proposed robust statistic is the ratio of the inner
quartile range to the nedian, properly scaled to be conparable to

the coefficient of variation.

(1) RD = (@& - Q) / (1.348 * Q)

Using this robust statistic (RD) we reexam ne the Census data.
Table 1 presents the conparable summary statistics for the RD
measure. The average |evel of dispersion falls to 55 percent,
the mnimumis O percent, and over 75 percent of the products
have nore than 10 percent price variation with the robust
statistic. Although these statistics are substantially |ower
than those found with the conventional coefficient of variation,
they still suggest that the unique price theory does not apply to
nmost of the 7-digit products examned. A simlar picture is
presented in Figure 1, where the entire distribution of the
measure is shifted to the left in conparison with the coefficient
of variation.

As shown in the figure, there is still a significant tail to
the distribution of dispersion across producers, with 5 percent

of the RD statistics being greater than 90 percent. As derived,

°The finite sanple properties of the nedian and inner-
quartile range as neasures of central tendency and variation are
exam ned in Abbott (1989).
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the robust statistic is not inpervious to gross errors in the
data. That is, if there is a sufficient nunber of errors in a
si ngl e product grouping the RD neasure wll not provide an
accurate neasure of the underlying paraneters. Thus, the tai
inplies that in sone cases the data are just too dirty, or that
the products are poorly defined for even the robust neasure.

Table 2 presents a list of the 20 products with the nost
di spersion, as neasured by RD. Fromthis list, it appears that
t hese products are a m xture of "other" and "NEC' (Not El sewhere
Gl assified) products which did not conformto the usual
principles used in defining the 7-digit SIC codes. Thus, it is
not surprising that there should be such a w de range of reported
prices for these product classifications. This evidence suggests
that the tail to the distribution of observed dispersion is
caused by a failure of the product definition rather than dirty
dat a.

The final table exam nes price dispersion across two digit
i ndustrial groups using those products with | ess than 80 percent
di spersion (RD). This truncation is used to renove the affects
of the outlier products and | eaves a 2,278 products for the
analysis. FromTable 3 it is clear that although the average
| evel of price dispersion differs widely across the major groups,
price dispersion is a general phenonenon regardl ess of which
measure is used. Thus the results presented in Table 1 are not

dom nated by any particul ar industrial group.
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| V. Concl usi ons

The anal ysis presented here establishes two inportant
enpirical facts concerning price dispersion. First, nmeasured
prices vary across producers, even at the 7-digit product |evel.
Second, price dispersionis not isolated to a few manufacturing
i ndustries but exists, to sonme extent, in all industries. The
anal ysis establishes these results using all of the product data
avai lable in the 1982 Census of Manufactures. These facts run
counter to the assunptions of honbgeneous goods and perfect
conpetition usually made in anal yzi ng econom ¢ behavi or at either
an industry or firmlevel.

The basic data used to arrive at these concl usions, however,
suffer fromtwo types of errors: gross outliers and inputed data.
The gross errors bias the estimted di spersion upwards and are
addressed through the use of robust statistics. The inputations,
on the other hand, bias the estimted di spersion downwards and
their affects cannot be easily elimnated fromthe data.® As a
result, the current analysis only provides information on whet her
or not individual products exhibit price dispersion and does not
provi de reliable conparisons of the |level of price dispersion

across products or industries.

%Sone i nformation on the dollar value of the inputations is
o6bt ai nabl e from the individual industry summaries. This
information is not incorporated in the current study.

MA casual exami nation of the data reveals that the nost
i nportant determ nant of the |level of price dispersion found in
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Havi ng established these facts, one nust proceed to address
two additional questions: What is the underlying source of the
observed price dispersion? and does price dispersion inply market
power? For the hydraulic cenment industry (near the nedian | evel
of price dispersion), this additional work has been addressed in
Abbott (1988). The basic conclusions of that study suggest that
price variation is real, i.e., it does not reflect differences in
the product quality; the price variation is due to |ocal
conditions in both the output and input markets; and that
manuf act ures do possess market power. Considering the industry,

t hese findings are not surprising.

the data is the extent of inputations. For products with nore
than a 50 percent inputation rate, the robust neasure of price

di spersion woul d be zero as both the first and the third quartile
woul d be i nputed val ues.
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Figure 1: Measures of Price Dispersion

PERCENTAGE
| * *
14 + * %
| * %
10 + * % * % * % * %
| * % * % * % * % k% ** * %
6 + * % * % * % * % * % %k k**k k% * %
| * % * % * % * % * % %k k*%k k**k k**k **k k% * %
2 + * % * % * % * % * % * % * % %k kk kk kk kk k**k **k **% * * * % * %

COEFFI Cl ENT OF VARI ATI ON

PERCENTAGE
20 + * %
| * %
15 + o
| * %
10 + * % * %
| Kk *kk Kk *kk K%k *% * %
5 + Kk Kk Kk Kk Kk Kk K**k *k*k K% * %

%k k**k k**k *k*k **k *k*k k*k k(*k k*k *k*k ** k% k(% *(*k k% k% ** ** %%

NCRVALI ZED RANGE

PERCENTAGE
14 + **

| * * * * * *
10 + k% ** %% *% **
| k% %% %% k% **% **
6 + k% k%% %%k %%k ** **% **
| %k k% k(% %%k k% k% k% **k **k *%*% * *
2 + %k k% k% k% k% k% k**k *(*k **k k% k% k% **k **x *%*% * *



13
ROBUST DI SPERSI ON
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Table 1: Measures of Price Dispersion

Coef fi ci ent Nor mal i zed Robust

of Variation Range Di spersion
N 2430 2430 2430
Mean 69. 4 398 55.4

Quantiles

100% Max 1712 42430 39985
99% 512 3889 237
95% 226 1300 91
90% 135 736 65
75% B 65 310 38
50% Med 42 183 21
25% QL 29 124 11
10% 20 85 1.5
5% 16 68 0. 09
1% 8 35 0. 002

0% M n 0 0 0
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Tabl e 2: Individual Product Price Dispersion
Product # RD Product Description
2392045 39985 O her Househol d furni shi ngs
- Napki ns
2099967 8796 Peri shabl e Food Products
- Tortillas, Tamales, and other Mexican
Food Speci alties
3079030 2813 M sc. Plastic Products
- Plastic Bottles
3131061 1834 Foot wear Cut Stock
- O her boot & shoe cut stock and findings
3079065 1657 Mol ded Pl astic Products NEC
- castings
2421896 1351 Sof twood Fl ooring and Sidi ng
- other planing mll and sawm || products
2899597 1193 Essential O, Fireworks and Chem cal NEC
- other industrial chem cal specialties
i ncludi ng fluxes, plastic wod
preparations and enbal m ng chem cal s
3079061 815 Mol ded Pl astic Products NEC
- injection nolding
3691411 791 Storage Batteries, Lead Acid Type
- Industrial Truck
3691419 706 Storage Batteries, Lead Acid Type
- other notive power, including mning and
i ndustrial |oconotive
2257820 667 Al other Weft Knit Fabric
- narrow fabrics under 12" w de
3873126 566 G ocks (not having bal ance wheel and
hai rspri ng)
- all other including chine and strike
3551221 529 Comerci al Food Products Machi nery
- Choppers, Ginders, Cutters, etc.
3494640 496 Hydraul i c and Pneunati ¢ Hose or Tube End
Fittings and Assenblies except Aerospace
2851951 432 M scel | aneous Pai nt Products
- Organosol s and Pl astisols, other than
coati ngs
2599097 400 Furniture and Fi xtures NEC
- O her NEC except household
2299340 396 Scouring and Conmbing MII Products
- Tops and Noils
3634510 357 El ectrical Housewares and Fans
- Smal |l househol d appliances, including
razors
2599021 345 Furniture and Fi xtures NEC
- Hospital Beds
3079094 338 M scel | aneous Pl astic Products



3312192
3079066
3799988

2843085
2299350

299
298
286

249

237

B
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Bui | di ng and Construction
ast Furnace Products

Sl ag

Mbl ded Pl astic Products NEC

O her

Transportati on Equi pmrent NEC
Parts for Autonobile and Light Truck

Trailers

Surface Active and Finishing Agents
Bul k Surface Agents (detail reported |ITC
Scouring and Conmbing M|

Scour ed wool

and ot her

Product s
products
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Table 3: Two Digit Industry Price Dispersion Al Industries

Maj or Number Aver age Aver age Aver age
G oup Pr oduct s cv RNG RD

20 Food and Kindred Products 590 46. 532 247.511 25.731
21 Tobacco Manuf actures 7 46. 409 187. 267 31. 249
22 Textile M1l Products 101 70.191  332.998 37.619
23 Apparel and O her Textile Products 76 122. 851 926. 101 33. 598
24 Lunber and Wod Products 143 70. 675  666.787 14. 330
25 Furniture and Fi xtures 65 83. 949 509. 331 18. 608
26 Paper and Allied Products 105 44. 676 300. 196 15. 564
27 Printing and Publishing 94 105. 513 876. 306 30. 596
28 Chemcals and Allied Products 179 55.886 275.694 24. 099
29 Petrol eum and Coal Products 47 89.435  521.475 20. 024
30 Rubber and Msc. Plastic Products 34 62.122 283. 529 16. 549
31 Leather and Leather Products 25 80.961  452.479 30. 230
32 Stone, Cay and 3 ass Products 86 74. 368 490. 113 18. 481
33 Primary Metal Industries 107 66.430  330.023 27. 633
34 Fabricated Metal Industries 269 64. 602 378.982 17. 645
35 Machinery, Except Electrical 154 58. 636 279. 295 19. 821
36 Electric and El ectronic Equi pnent 28 76.963  328.271 26. 455
37 Transportation Equi prent 76 81.192 440. 681 33. 087
38 Instruments and Rel ated Products 29 73.577 265. 709 24. 625

39 Msc. Manufacturing Establishnments 63 79.570 376. 052 24.196
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