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Abstract

This paper documents substantial heterogeneity in the growth rates of disaggregate consumer

prices in the US over the past 80 years. Our analysis reveals patterns in prices and consumption

shares that are hidden under conventional sectoral decompositions based on the durability of

consumption items. For example, some items classi�ed as services have been subject to very low

in�ation, and some items classi�ed as goods have been subject to very high in�ation. We re-

group items according to common, long term trends in prices, and demonstrate that both prices

and in�ation rates have diverged signi�cantly between groups, and that the real consumption

shares of the high in�ation groups has fallen. We show that the observed price and in�ation

divergence is closely associated with changes in the labor shares in production: The greater the

fall in the labor share, the lower the in�ation rate of the group. To account for our �ndings,

we develop a simple general equilibrium model with heterogeneous elasticity of substitution

between labor and capital in production across industries.

Keywords: price divergence, in�ation divergence, structural transformation, labor share, log t

regression.
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1 Introduction

Prices in di¤erent sectors of an economy diverge as the economy grows. For example, in the US, the

price level of services relative to goods has increased by a factor of approximately 2.5 over the 1950

to 2005 period, while real GDP has increased by a factor of about three. Understanding long term

trends in prices in di¤erent sectors of the economy has remained a salient topic in economic research

(see, e.g., Herrendorf, Rogerson, and Valentinyi, 2011). Technology-based explanations of long-term

�structural transformation� posit that prices decrease in sectors of the economy that experience

labor productivity increases (Baumol, 1967; Ngai and Pissarides, 2007; Herrendorf, Rogerson, and

Valentinyi, 2013). These analyses are typically based on decomposing the economy into a few broad

aggregate sectors, such as agriculture, manufacturing and services on the production side (Ngai and

Pissarides, 2007; Acemoglu and Guerrieri, 2008; Herrendorf, Rogerson, and Valentinyi, 2013) or

goods and services in �nal output (Kravis, Heston, and Summers, 1983).

Whether or not these broad aggregate sectors provide a good approximation for modeling

long term trends in the economy is an open question. Disaggregated data often reveal patterns

that are concealed in broad aggregates, and these may be useful in evaluating di¤erent explanations

of price divergence and structural transformation.1 This paper begins by considering a long time

series of price levels for consumption items in the US at the most disaggregate level possible.

This simple analysis reveals that there has been substantial heterogeneity in the growth rates

of prices across this time period, and that the conventional story of high in�ation services and

low in�ation goods is overly simplistic: Some services have experienced very low in�ation, and

some goods have experienced very high in�ation.2 These patterns are di¢ cult to rationalize when

modeling structural transformation using sectoral decompositions, since �rms within each sector

are assumed to be subject to the same production technologies, and long-term trends in relative

prices ultimately re�ect changes in inputs to production.3 However, at the same time, some form

of sub-sector aggregation is necessary for tractable economic modeling. We thus ask: Are there

1There is a good reason to question whether these broad sectoral decompositions of the economy are appropriate

when tackling structural transformation. First, Wöl� (2003, 2005) provides substantial evidence demonstrating

heterogeneity in labor productivity within the service sector. Second, it is unclear that labor productivity growth is

all that di¤erent between sectors (Baumol et al., 1985; Fixler and Siegel, 1999; Triplett and Bosworth, 2006).
2The average annual in�ation rate in air transportation services from 1933 to 2008 is around 2% but that of

hospital services is more than 5.5%. Meanwhile the in�ation rates in household appliances and educational books are

1.2% and 4.5%, respectively. Also see Wöl�(2005).
3Preference-based explanations of structural transformation also necessitate that their �nal output is additively

separable in the household�s utility function. See Herrendorf, Rogerson, and Valentinyi (2011). Under these explana-

tions inputs to production change as households grow wealthier and demand a growing share of a particular output

(usually services).
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common trends within sub-sectors of the economy that can be used to form new aggregations for

tractable analysis? If so, how does our understanding of structural transformation change and does

it conform to simple economic intuition? The goal of this paper is to answer these questions.

To answer the �rst question, we decompose personal consumption expenditure into 70

underlying items spanning 1933 to 2008. We then look for common trends in the price levels of these

time series.4 To assign di¤erent items to di¤erent common trends, we employ the convergence tests

and clustering algorithms designed by Phillips and Sul (2007). This approach permits substantial

�exibility in identifying common trends in panels with a large cross sectional dimension. Under

this econometric model items within a convergence club follow the same common trend in the long

run. Sixty-six of the items are found to fall into one of four convergence clubs, while the remaining

four items exhibit su¢ ciently idiosyncratic behavior for them to be omitted from any club.

Through the lens of a conventional structural transformation model, items within each

convergence club are subject to the same long-term forces that a¤ect prices - such as the form of

production technology or technological innovation (TFP). On this basis we proceed by analyzing

price divergence using the sorted clubs. Several interesting results emerge. First, we not only

con�rm relative price divergence, but in fact �nd evidence of in�ation divergence: Not only are

prices growing apart, but the relative rate at which they are growing is increasing over time. This

phenomena is harder to observe in sectoral decompositions of consumption (such as goods and

services), and perhaps because of this it has not received much attention in the extant literature.

Comparing convergence clubs to labor share in production (an indicator of labor productivity), we

�nd a strong correlation between labor share and the rate of change in prices (in�ation divergence).

Second, we �nd that the relative consumption share of high-in�ation items is decreasing over

time. This �nding is quite di¤erent to that established by the extant structural transformation

literature based on sectoral decompositions, wherein output and consumption shares are reallocated

to sectors with rising prices as the economy grows richer, a result that is di¢ cult to reconcile with

balanced growth and other �Kaldor stylized facts�of economic growth (see the extensive discussion

in Herrendorf, Rogerson, and Valentinyi, 2013).

Having established these empirical facts, we set about building an economic model to ra-

tionalize these �ndings and answer our second question. We consider a simple static model where

technological progress is neutral across a continuum of sectors, but where sectors di¤er in the substi-

tutability between labor and material inputs. As sector-neutral technology increases, the material

inputs become cheaper, so that non-labor inputs are hired. In sectors for which labor and material

4We use prices to assign items to di¤erent groups since prices are key indicators of the resources expended per unit

of output, at least when viewed through the lens of conventional structural transformation models such as Baumol

(1967).
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inputs are substitutes, the additional material inputs displace workers in the sector. Conversely, in

sectors for which labor and material inputs are complements, more labor is hired. This simple model

generates the both the price and labor divergence we document in the empirical section: A sector

with greater substitutability can reduce the cost of production more e¤ectively through a reduction

in the labor share. Not only does this generate the divergence in prices and in�ation rates exhib-

ited in the data, but we believe the model to be a fair representation of reality. For example, the

medical sector requires doctors as the �nal producers: Even though an increase in technology leads

to more e¢ cient operations, computers and medical machines cannot replace doctors. Meanwhile,

automated production in computer chips can replace human labor easily, which leads to decline

of the relative price and in�ation. Because consumption of high price items is in fact declining in

real terms, the model is completed with standard CES utility. We need not concern ourselves with

the complexities of non-homothetic preferences in order to generate increasing consumption in high

in�ation items.

The rest of the paper organizes as follows. In the next section, we empirically establish price

divergence in PCE items using Phillips and Sul (2007)�s clustering method. Section 3 discusses the

determination of club memberships. Section 4 provides a model and Section 5 concludes.

2 Price Divergence in disaggregate PCE Items

In this section we outline our empirical method for identifying convergence clubs based on disag-

gregate PCE items price levels. Items within each club follow the same common trend, and we

will demonstrate that these trends have been diverging over time. The idea that there are com-

mon drivers to in�ation rates has been explored by Boivin, Giannoni, and Mihov (2009), Bils and

Klenow (2004), and Carvalho and Lee (2011). Whereas the focus in these papers is on in�ation

rates, in our framework we model price levels.

Our data set consists of a panel of 70 annual PCE price indices spanning 1933 through to

2008. Finer levels of disaggregation are possible, but these only begin in 1959, and a long time

series is required to overcome the �base year problem�discussed below.5 This also permits us to

avoid computational problems that arise when a new price index is introduced into PCE, since all

70 indices span the entire 1933 to 2008 time period. The selected PCE components used in our

analysis are comprised of 17 durables, 13 non-durables, and 40 services.6 See the appendix A for

5While the majority of PCE items contained in our 70 item dataset are the most detailed type of product available

in the NIPA tables, some higher-level components are included due to this data availability constraint. For example,

our data includes �garments�because further detail on this category, such as �women�s and girls�clothing,��men�s

and boy�s clothing,�and �children�s and infants�clothing,�are not available before 1959.
6Note that PCE component classi�cations change periodically with BEA benchmark revisions to the national
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the full description of the 70 PCE items. Data are obtained from NIPA Table 2.4.4 at the BEA

website (www.bea.gov).

Table 1 below demonstrates not only that there is substantial di¤erences in long term

in�ation rates over the post-war sample period, but that there has been substantial divergence in

the in�ation rates. We see that the standard deviation of the annualized in�ation rate increases

steadily and markedly over the period, from 1.64% in the 1950-60 decade to 2.53% over the 1990-

2000 decade.

Table 1: Annual In�ation Rates (%) for 70 PCE Items, 1933-2008

sample mean median standard deviation min max

1950-2008 3.57 3.81 1.74 -4.15 6.36

1950-1960 2.44 2.66 1.64 -2.01 6.65

1960-1970 2.70 2.60 1.63 -1.54 7.62

1970-1980 6.89 7.02 2.47 1.36 18.05

1980-1990 4.65 4.47 2.57 -3.45 9.90

1990-2000 2.25 2.60 2.53 -9.90 6.76

2000-2008 2.47 2.96 3.51 -10.09 13.42

Some items classifed as services have experienced very low in�ation over the post-war period

(for example, the price index for �air transportation�increased by 2.94% per year on average over

the 1950-2008 period), while some items classi�ed as goods have experienced very high annual

in�ation (for example, the price index for �educational books� increased by 5.25% per year on

average over the 1950-2008 period). For comparison, the price index for PCE goods increased at

an average annual rate of 2.52% over the same period, while PCE services grew at 4.21%.

We now turn to the issue of sorting these PCE disaggregate prices in to convergence clubs

according to trends in the price levels.

2.1 Convergence Test

For instructive purposes we review Phillips and Sul�s (2007) convergence test and clustering algo-

rithm. The Phillips and Sul (2007) model is based on the following simple nonlinear model

pit = �it�t; (1)

income and product accounts, and hence the number of PCE components at the highest level of disaggregation di¤er

across studies.
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Here pit is the logged price index of component i, �t is the common deterministic or stochastic trend

component. Notably �it is permitted to be time-varying and can be interpreted as transitional

e¤ects from a common price �t: This time-varying behavior is modeled as

�it = �i + �itL (t)
�1 t��i ; for �it � iid

�
0; �2i

�
(2)

where L (t) is a function of t that is slowly varying at in�nity (e.g. logt). When �i � 0; pit ! �i�t

as t!1. When �i = 1 and �i � 0 for all i; pit ! �t as t!1: The dynamics of individual prices
are dependent on the time varying factor loadings, �it: Individual prices, pit, converge to pt = �t
if �i = � = 1 and �i � 0 for all i: Meanwhile if either �i 6= � or �i < 0 for any i; pit diverge over
time.

The null hypothesis of convergence is formulated as

H0 : �i = � and �i � 0; (3)

against the alternative hypothesis of

HA : f�i = � for all i with �i < 0 g or f�i 6= � for some i with �i � 0 or �i < 0g: (4)

Phillips and Sul (2007)�s convergent test is based on the cross sectional variance of the relative

transition curve de�ned as

Ht := N
�1
XN

i=1
(hit � 1)2; (5)

where

hit :=
pit

N�1PN
i=1 pit

=
�it

N�1PN
i=1 �it

; (6)

which is the relative transition curve to measure the transition element for individual good i relative

to the cross section average. By setting L(t) = log t in equation (2), we can obtain the following

log t regression

log
H1
Ht

� 2log(logt) = a+ �logt+ ut; for t = rT; rT + 1; � � � ; T; (7)

where the null and alternative hypotheses in (3) and (4) can be transformed into

H0 : � � 0 against HA : � < 0:

Several points regarding the properties of the log t regression model (7) are worth pointing out.

First, the true value of � underH0 is 2�� where �� = min (�i) : Hence under the null of convergence,

the expected estimate of �̂ must be equal to or greater than zero. Second, the second term in the

left hand side in (7), which is �2 log(log t), acts as a penalty function. Third, a HAC estimator
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for the covariance should be used since the regression errors are serially correlated. Finally, only

(1� r) fraction of the sample is used for the regression. Phillips and Sul (2007) recommend setting
r = 0:3: Often price indices re�ect price disparities for a given item between di¤erent time periods.

Hence the convergence tests are subject to a �base year�problem: If the base year is 2008, then

all price series converge to 100 by construction. The problem can be overcome by taking the initial

year 1933 as the base year so that all series initially diverge. Figure 1 shows that relative transition

curves, hit; after �ltering out the business cycle components using the Hodrick-Prescott �lter.7

Evidently the base year e¤ect is negligible after 1965. To avoid the base year e¤ect we therefore

discard the �rst 33 observations.

Next, as a robustness check, we further discard the initial r fraction of the sample and test

for overall convergence. Table 2 presents the log t test results using a range of r 2 (0:15; 0:35) : For
r = 0:15; the sample begins at 1972 whereas for r = 0:35 the sample begins at 1980. Evidently,

the convergence is strongly rejected regardless of the value of r: This is strong evidence against the

single component model for in�ation.

0.25

0.50

0.75

1.00

1.25

1.50

1933 1941 1949 1957 1965 1973 1981 1989 1997 2005

Discard the first 33 observations

Figure 1: Base Year E¤ect

7This �gure plots relative transition curves for hit = pit
�
N�1PN

i=1 pit
��1

where pit is the Hodrick-Prescott trend

of log price index of PCE component i at time t: There is little evidence of overall convergence as relative transition

curves do not display a marked reduction in their dispersion. Two distinctive paths are �net purchases of used motor

vehicles� and �video, audio, photographic, and information processing equipment and media.�The former initially

deviates from other relative transition paths, but tends to move toward to the others, while the latter appears to be

consistently diverging over time.
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Table 2: The e¤ect of r on overall convergence test

1972 1973 1974 1976 1978 1979 1980

(r = 0:15) (r = 0:18) (r = 0:20) (r = 0:25) (r = 0:30) (r = 0:32) (r = 0:35)

�̂ -1.25 -1.28 -1.31 -1.39 -1.46 -1.51 -1.59

t�̂ -42.78 -56.68 -64.39 -55.97 -42.50 -38.03 -32.93

2.2 Clustering Analysis

Since the log t convergence test rejects the null of convergence in the presence of only one divergent

series, if we �nd in favor of the alternative there could exist subgroups that may converge. Phillips

and Sul (2007) propose a clustering procedure that involves the stepwise application of log t re-

gression tests. The clustering procedure di¤ers from previous studies on clustering methods, such

as Durlauf and Johnson (1995) and Hobijn and Franses (2000), in the sense that their algorithm

focuses on how idiosyncratic transitions behave over time in relation to the common factor compo-

nent. By analyzing subgroup-convergent behavior among the idiosyncratic transition coe¢ cients

�it, one may locate the sources of divergence in the entire panel.

Using the clustering algorithm we �nd that there are �ve convergent clubs and one divergent

group. This initial classi�cation presented in Table 3. (Recall that this classi�cation is based on

convergence in price levels rather than in�ation rates.) We �rst examine whether the cross sectional

variance of individual in�ation rates for each subgroup is increasing or not. For all clubs except for

Club 3, the cross sectional variances of individual in�ation rates are not increasing over time. For

Club 3, the cross sectional variance of individual in�ation rates is increasing due to the price index

of �telephone and facsimile equipment�. Hence we move this item to the divergent group 6.

Because the Phillips and Sul (2007) clustering algorithm is a very conservative classi�cation

for club membership (see, e.g., Phillips and Sul, 2009), we apply tests of club merging used in

Phillips and Sul (2009) to determine whether any of the initial subgroups can be merged to form

a larger size of convergence club. We consider adjacent subgroups in the original classi�cation and

report estimated slope coe¢ cients of the log t regression and corresponding t�statistics in Table 3.
There appears to be one merger of the original subgroups; the merger of club 3 and 4. Based on

our initial club classi�cation and club merging test results, we report the �nal club classi�cation in

Table 3. There are four convergence clubs and one divergent group. For all convergence clubs the

point estimates of � are signi�cantly greater than zero.
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Table 3: Convergence Club Classi�cations

Initial classi�cation Tests of club merging �̂ (t�̂) Final classi�cation

Club 1 [25] 0.06 Club 1 [25] 0.06

(4.04) Club 1+2 (4.04)

Club 2 [15] 0.32 -0.38 Club 2 [15] 0.32

(9.09) (-62.33)* Club 2+3 (9.09)

Club 3 [10] 0.76 -0.45 Club 3 [19] 0.23

(8.65) (-5.77)* Club 3+4 (5.95)

Club 4 [9] 1.37 0.23

(3.75) (5.95) Club 4+5

Club 5 [7] 0.08 -0.42 Club 4 [7] 0.08

(3.91) (-13.44)* (3.91)

Group 6 [4] -3.25 Group 5 [4] -3.25

(-86.65) (-86.65)

2

1

0

1

2

3

1965 1970 1975 1980 1985 1990 1995 2000 2005

Club 1 Club 2 Club 3

Club 4 Group 5

Figure 2: Estimated Common Trends to Log Prices
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Because individual item prices are converging within each sub-convergent club, the arith-

metic average of the prices is a good estimate for the common trend within each club. Figure 2

exhibits the estimated common trend to each of the four convergent clubs, as well as the arithmetic

average of group 5. Note that the emerging divergence among the �ve groups begins in the early

1980s. Although the in�ation rates in all groups decrease permanently after 1981, the decrease is

the smallest in group one and the greatest in group �ve. Groups three, four and �ve in fact go

through varying amounts of de�ation in some part of the period after 1990. Group 5 which consists

of technology goods experiences a large decrease in the price level from the early 1990s.

2.3 Club Characteristics

Table 4 displays club membership by major product category. The �rst convergence club encom-

passes 25 PCE components. The vast majority (20) are services; including all 5 �health care�

sub-categories, 5 out of 6 ��nancial services and insurance�sub-categories, and all 3 sub-categories

of �educational services�. Two members of the �rst club are durables (net purchase of used motor

vehicles and educational books), while the remaining 3 members are non-durables (fuel oil and other

fuels, pharmaceutical and other medical products, and tobacco). Thus the �rst club is dominated

by health care goods and services, �nancial services and insurance, and educational goods and ser-

vices. Notably it also includes fuel oil. The second convergence club consists of 15 components; 12

service products and 3 non-durables (food and nonalcoholic beverages, purchased for o¤-premises

consumption; motor vehicle fuels, lubricants, and �uids; magazines, newspapers, and stationery).

All four �housing�sub-categories, four out of �ve �recreational services�sub-categories, and both

�food services� subcategories fall into club two.8 Thus the major service components of Club 2

include �housing,��recreational services,�and �food services.�About a half of all durables (7 out

of 17 �durable� sub-categories) and non-durables (6 out of 13 �nondurable� sub-categories) fall

into the third convergence club, along with six service components. The third convergence club

thus di¤ers with the two former clubs in that it includes more imported goods as well as goods

and services regulated by government (e.g., electricity and air transportation). Club four includes

7 components; 4 durable, 1 nondurable, and 2 service components. In terms of PCE price index

weight, �garments�is the most important member in this club. It also includes �water transporta-

tion� and �telecommunication services.� Finally, Group �ve includes three technology items: (i)

�telephone and facsimile equipment,� (ii) �household appliances,� and (iii) �video, audio, photo-

8We follow the BEA reclassi�cation of PCE services enacted in the 2009 comprehensive benchmark revision of the

National Income and Product Accounts. �Purchased meals and beverages� and �Food furnished to employees� are

classi�ed as services. See McCully and Teensma (2008).
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graphic, and information processing equipment.�These items are known to su¤er from signi�cant

price measurement problems attributable to frequent and large changes in product quality (see,

e.g., Triplett, 2004).9 Roughly 80% items in Club 1 and 2 and around 30% items in Club 3 and 4

fall into services category, respectively. Hence it is not clear that there is one for one relationship

between major product category and the club membership.

Table 4: Club Membership by Major Product Category

all club 1 club 2 club 3 club 4 group 5

Durable goods 17 2 0 7 4 4

Nondurable goods 13 3 3 6 1 0

Services 40 20 12 6 2 0

2.4 Divergence in Prices, In�ation Rates, and Consumption Share

To succinctly illustrate the divergence in price levels, in�ation rates and consumption shares over

time, we group club 1 and club 2 together, and club 3 and club 4 together. We then construct

Fisher ideal chained price indices for the two groups, based on the disaggregate PCE items within

each group. (Indices are normalized to unity in 1965.) For instructive purposes we refer to these

as the �high in�ation group�and the �low in�ation group�. Real consumption for each group is

obtained by de�ating nominal consumption.

Figure 3 exhibits the ratio of the log price index of the high in�ation group to the low

in�ation group, as well as the ratio of de�ated consumption of the high in�ation group to de�ated

consumption of the low in�ation group. The �gure also includes the di¤erence in the annual in�ation

rates between the two groups in panel A.

The log price ratio has increased exponentially over the 1965-2008 period, corresponding

to divergence in the in�ation rates between the high in�ation and low in�ation groups. Thus, the

in�ation rate in the high in�ation group has been increasing (relative to the low in�ation group)

over the time period considered. Overall, prices have increased in the high in�ation group by a

factor of about 2.75 relative to the low in�ation group. Turning to the consumption ratio of each

group, we can see that the ratio trends downwards over time, corresponding to a decrease in the

consumption of items whose prices have been increasing over time. De�ated consumption of the high

in�ation items has fallen by a factor of about 2.2 relative to low in�ation items. By re-classifying

9The remaining item, �sporting equipment, supplies, guns, and ammunition�, is not conventionally thought of as

being subject to the same measurement issues. It may be somewhat of an anomaly.
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consumption items according to their long-term trends in prices, it appears that consumers are

purchasing more low-price items.

1

0

1

2

3

4

5

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

inflation differential (high inflation to low inflation)

0.5

1.5

2.5

3.5

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

price ratio (high inflation to low inflation)

consumption ratio (high inflation to low inflation)

Panel A: In�ation di¤erential Panel B: Price and real consumption ratios

(High in�ation group less low in�ation) (High in�ation group divided by low in�ation)

Figure 3: Divergence between high and low in�ation groups

3 The Role of Labor Share

To shed further light on the causes of these divergent patterns in convergence clubs, we utilize the

labor share data constructed by Jorgenson and Stiroh (2000), Jorgenson (1990), and Jorgenson,

Gollop, and Fraumeini (1987).10 The data cover 35 industries at roughly the 2-digit SIC level from

1960 to 2005. The basic idea is to map each of the PCE items into the Jorgenson labor shares. To

do so, we rely on the input-output matrices supplied in the Jorgenson dataset to impute the labor

shares embodied in the �nal output of each industry.

There are two major mismatching problems between PCE items and Jorgenson data. First,

PCE items include imported consumption goods but exclude exported goods produced in the US.

On the other hand, Jorgenson�s labor share data are production-based, so that imported output is

excluded, but exported output is included. Second, our PCE items are at a much more disaggregate

level than the industry classi�cations in Jorgenson�s data. Hence several PCE items correspond to

quite large industry categories. In particular, we have to use the same labor share data of �service�

category in Jorgenson data to assign almost all service items in PCE.

To attenuate these mismatching problems, we made the following two statistical adjust-

ments. First, we use only cross sectional averages across items for each convergent club. The use of

cross sectional averages can reduce the magnitude of measurement errors �which may arise due to

10Dale Jorgenson�s U.S. industry data available at http://scholar.harvard.edu/jorgenson/data.
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the two reasons in the above �as long as the average of measurement errors is close to zero across

PCE items. Second we do not use three items in group 5 in our analysis since all items in group

5 are more likely to be imported goods. Also we do not use the labor share data of the �apparel�

industry in the Jorgenson data to construct the labor share of �garments�in PCE �which is mostly

imported consumption � since the US labor share in the apparel industry must not be identical

that in foreign countries. See Appendix B for a more detailed description of the assignment of

Jorgenson�s 35 industries to the 70 PCE items.

Table 5: Estimated Labor Shares for Convergent Clubs

1960 1965 1970 1975 1980 1985 1990 1995 2000 2005

Club 1 0.620 0.622 0.655 0.633 0.640 0.654 0.651 0.647 0.642 0.609

Club 2 0.650 0.655 0.686 0.648 0.663 0.672 0.665 0.664 0.655 0.624

Club 3 0.690 0.661 0.699 0.641 0.701 0.668 0.662 0.657 0.623 0.592

Club 4 0.747 0.705 0.736 0.718 0.740 0.690 0.651 0.646 0.636 0.587

Table 5 reports the estimated labor shares for each club from 1960 to 2005. As we discuss

above, we estimate the mean of labor shares for each club by taking the sample average of labor

shares. In 1960, the labor share in club 1 was the smallest, while that of club 4 was the largest.

Such patterns can be observed until 1990. Labor shares in Club 1 and 2 have not changed much

over the time period considered, but those in Club 3 and 4 have decreased dramatically. After

1990, the labor shares in Club 1 and 2 have become larger than those in Club 3 and 4.

Panel A in Figure 4 shows the relative in�ation rates and relative labor shares of the sum of

club 1 and 2 against the sum of club 3 and 4. Evidently both relative measures are highly correlated

(the correlation coe¢ cient is around 0.8) and almost have one for one relationship. Panel B in

Figure 4 displays the relationship between relative in�ation rate and relative labor share of services

to goods. Overall, the estimated correlated coe¢ cient is around 0.6. Such positive correlation is

possible due to high positive correlation after 1995. Before 1995, there seems to be no relationship

between the two. This empirical evidence suggests that the source of in�ation divergence among

clubs may be due to changes in labor shares between clubs.

Lastly Figure 5 shows the positive relationship between labor share changes and in�ation

rates across clubs, taken over 5 year intervals. Evidently, we can observe an almost one for one

relationship between the in�ation rate and changes in labor share within each club over time and

across clubs. That is, a decrease in labor share is associated with in a decrease in the in�ation rate,

so that divergent trends in labor shares between clubs are associated with in�ation divergence.
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Figure 5: Relationship between In�ation and Labor Share

4 Modeling Price Divergence

Price divergence is often modeled as part of �structural transformation�in an economy: As income

levels increase, we observe a shift in labor and output share towards the service sector, along with

increases in the relative price of services. These phenomena can be accounted for in a model with

14



biased sectoral technological change and non-homothetic preferences: The service sector lags other

sectors in productivity gains, and labor is reallocated towards it. This generates increasing prices

in the service sector, but households continue to consume services because services are elastic with

respect to income in the utility function.

Our empirical �ndings suggest that decomposing consumption into goods and services con-

ceals much of the underlying dynamics in the US economy. The shares of high price items has been

falling, and the share of low price items has been increasing. Moreover, the price di¤erences be-

tween high and low price items has been accelerating over time. Both of these �ndings are di¢ cult

to rationalize within a conventional structural change model with biased technological change. (As

we will show below, getting a model with biased technological growth to account for divergence in

in�ation rates requires some untenable assumptions to be placed on sectoral TFP growth.) Exten-

sions that permit substitution of services production between the household and the market still

require that the non-service sector experiences faster productivity growth to account for increase

in prices of the service sector (Ngai and Pissarides, 2007; Rogerson, 2008; Buera and Kabowski,

2012).

In addition, much of the empirical literature refutes the idea that labor productivity in

the service sector has been stagnant (Triplett and Bosworth, 2006), or that there is tremendous

heterogeneity across service and goods sectors (Baumol et al., 1985; Fixler and Siegel, 1999; Triplett

and Bosworth, 2006). This research places doubt on modeling structural transformation based on

these sectoral decompositions, since �rms within each sector are assumed to be subject to the

same production technologies, and long-term trends in relative prices ultimately re�ect changes in

inputs to production. In addition, preference-based explanations of structural transformation also

necessitate that their �nal output is additively separable in the household�s utility function (see

Herrendorf, Rogerson, and Valentinyi, 2011).

For these reasons we build a new model of structural transformation to explain the price

and in�ation divergence we observe in the data. The key driver of price divergence is the elas-

ticity of substitution within a two-factor CES production function, together with sector-neutral

technological change.

4.1 The model

Households The representative household has preferences over consumption of goods in N indus-

tries, denoted by i = 1; 2; � � �; N . The preferences over consumption goods are a constant elasticity
of substitution (CES) form. Speci�cally, the utility function is
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U =

 
NX
i=1

c
��1
�
i

! �
��1

; (8)

where ci is consumption of goods in industry i, and � > 0 is the elasticity of substitution between

goods. The representative household is endowed with one unit of labor and supplies it inelastically

in the perfectly competitive labor market. The budget constraint of the household is given as

NX
i=1

pici � w; (9)

where pi is the price of goods in industry i, and w is the wage rate. Given these preferences and

the budget constraint, the demand for goods in sector i is given as

ci =
�pi
P

���
U; (10)

where P =
�PN

i=1 p
1��
i

� 1
1��

; the price index.11

Firms All goods markets are perfectly competitive. Firms in all industries use labor and non-

labor inputs, which we call material inputs, in production.12 The representative �rm in industry i

produces its product with the production function,

yi = A

�
a
1
i
i x

i�1
i
i + (1� ai)

1
i l

i�1
i

i

� i
i�1

; (11)

and maximizes the pro�t

�i = piyi � pxxi � wli; (12)

where yi is the output; A is the country-wide productivity; xi; li; px; and w are the material input,

the labor input, the price of material input, and the price of labor input, respectively; ai 2 [0; 1) is
the material input share parameter; and i > 0 is the elasticity of substitution between material and

labor inputs. The country-wide technology, A; is homogeneous regardless of substitution parameter

i: On the other hand, if i > 1; the industry is characterized as �machine replaceable�industry.

That is, non-labor input can easily substitute labor input. If i < 1; the industry is characterized

as a complimentary industry. We assume i is exogenous and constant over time. Later we will

show that both the relative in�ation and real consumption become functions of i:
13

11For derivation of the household�s demand function, see Appendix C.1.
12To keep the model simple, we use material input in production instead of capital input or both. Material inputs

here can be interpreted as a combination of capital and material inputs in production.
13Also note that the quality of labor input is homogeneous. We do not introduce quality di¤erence between

skilled and non-skilled labors on purpose in order to highlight the role of the substitution. For example, welders in
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The material inputs are composed of goods across industries with a Cobb-Douglas form

xi =
NY
j=1

x
sj
ij ; (13)

where sj 2 [0; 1) is the share parameter with
PN
j=1 sj = 1; and xij is the material input used by

the �rm in industry i for the goods produced in industry j.14

Equilibrium De�nition We assume that markets are perfectly competitive. In an equilibrium,

variables satisfy several resource constraints. The goods market clearing condition is given by

yi = ci +
PN
j=1 xji for i = 1; 2; � � �; N . The labor market clearing condition is

PN
i=1 li = 1: Finally,

we normalize the wage rate w = 1. A competitive equilibrium is given by prices pi for i = 1; 2; ���; N ;
a collection of allocations for the household ci for i = 1; 2; � � �; N ; a collection of allocations for �rms,
li and xij for i; j = 1; � � �; N that satisfy the following conditions: (i) the household allocations solve

the household�s problem; (ii) the �rms�allocations solve their pro�t maximization problems; and

(iii) the market clearing conditions hold.

4.2 Results

Equilibrium Prices and Labor Share Under the perfect competition, the equilibrium price

in industry i is given by

pi = A
�1
�
aip

1�i
x + (1� ai)

� 1
1�i ; (14)

and the price of the material input is obtained as

px =
NY
j=1

�
pj
sj

�sj
: (15)

The relative demand for inputs is given as

li
xi
=

�
1� ai
ai

�
p
i
x : (16)

automobile industry have been replaced by machine but they are not non-skilled labors at all. Meanwhile lawn-mowers

are relatively non-skilled workers but are not largely replaced by machine yet. The dynamics of the model given in

(11) implicitly imply that economic agents may want to educate themselves to work in non-substitutive sectors by

machine if the labor is imperfectly substitutable across skills. Such conclusion lures to introduce the quality di¤erence

in labor units but this important and interesting topic leaves for future work.
14To make the model simple, we use a Cobb-Douglas aggregate function for the composition of the material inputs.

We may use a CES aggregate function instead of a Cobb-Douglas aggregate function. The qualitative results are the

same with a CES function.
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Detailed derivations are in Appendix C.2. Let the labor share in industry i be de�ned as the total

wage expenditure divided by total revenue, bi = li= (piyi) : From the relative inputs in (16), and

the zero pro�t condition, the labor share is calculated as

bi =

�
1 +

ai
1� ai

p
1�i
x

��1
: (17)

Note that the labor share is a function of the material price and the elasticity of substitution. If

i > 1; the labor becomes readily substitutable by machine in industry i: When the technological

progress lowers the material price, px; the labor share declines if i > 1: Also note that we can

rewrite the equilibrium price (14) in terms of the the labor share as

pi = A
�1
�
1� ai
bi

� 1
1�i

: (18)

Thus, the in�ation rate of goods in industry i is determined by two factors, the growth rate of the

technological progress A which is common across all industries, and the growth rate of the labor

share in production bi which is industry speci�c. Given the elasticity of substitution, the greater

the fall in the labor share, the greater the fall in the price of the good provided that inputs are

substitutable, i > 1:

Dynamics We are particularly interested in the impact of technology growth on in�ation and

real consumption growth. We assume that the technology in the economy grows deterministically

at a constant rate � = bA; where �hat�denotes the growth rate of a variable, bZ = dZ=Z. Let�s

further de�ne the weighted mean of labor shares as

�b =
XN

i=1
sibi: (19)

Then formally we can state

Proposition 1: (price and real consumption divergence) As technology progresses (Â > 0 ),

(i) the material price falls (relative to the wage rate);

(ii) the labor share of an industry falls (rises) if the production inputs are substitutes (comple-

ments);

(iii) the relative in�ation rate between items produced by di¤erent industries depends on the relative

growth rate of the elasticity-adjusted labor shares; and

(iv) consumption of item i falls (rises) relative to consumption of item j when in�ation in item i

is higher (lower) than in�ation in item j
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See Appendix C.3 for detailed derivation of the equations for the proofs of Proposition 1. Here

we provide an intuitive explanation. The following four equations are the key ingredients behind

Proposition 1. From log-linearization of the model, we have

bpx = ���b
; (20)

dbi = �(i � 1) (1� bi) bi��b
; (21)

�ij = �i � �j =
bbi

i � 1
�

bbj
j � 1

; (22)

bci � bcj = ���ij ; (23)

where �i = bpi is the in�ation rate of items produced by industry i. The �rst equation in (20)
implies that the growth of the material price is a negative function of technology growth (given

the weighted average labor share must be positive). Hence as technology progresses, the material

price declines. The change in the material price relative to the wage rate leads to a change in the

inputs to production. This results in changes in labor shares in each industry as given in (21). The

size and the direction of the change in the labor share hinge on the degree of the substitution. If

i > 1 (substitutable input), then the labor share declines as technology progresses. Alternatively,

if i < 1; (complimentary input), then the labor share increases as technology progresses. Also note

that when i > 1; the change in the labor share rises in absolute value over time when bi 2 (1=2; 1)
and db < 0, as in the data. Equation (22) implies that the relative in�ation rate depends critically

on the relative growth rates of labor share. An industry with a greater growth rate in the labor

share, bbi > bbj , tends to have a positive relative in�ation rate, �ij > 0, provided that the elasticity
of substitutions (i and j) are not too di¤erent between the two industries. Thus the model can

explain the positive relationship between the price level and labor share shown in Figure 5.

Intuitively, when the relative price of material input falls, an industry which responds

by replacing labor inputs with material inputs can lower the marginal cost of production more

e¤ectively. Thus the price tends to fall more in the industries that have a larger fall the labor

share, generating the price divergence between industries. With the change in the relative price,

households consume relatively more of the items that have become relatively cheaper, as equation

(23) states.

The model predicts that price divergence is closely related to the change in the labor share,

as is evident in the data. We can also show that the change in the labor share is also tightly related

to in�ation rate divergence.

Proposition 2: (In�ation divergence) In an economy where the average labor share falls,

db < 0; if the change in the labor share is greater in an industry, say dbi > dbj, then in�ation rate
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divergence occurs, d�ij > 0; for an industry with a positive relative in�ation rate, �ij > 0.

See Appendix C.4 for detailed derivation of the equation for the proof of Proposition 2. Here we

discuss the intuitive reasoning behind the result. From (21) and (22), we have

d�ij =
�
dbi � dbj

b

�
� �

�
db

b

�
�ij : (24)

Clearly, when dbi > dbj ; db < 0; and �ij > 0; in�ation divergence d�ij > 0 occurs: In the data,

average the labor shares across all clubs has been falling over the past 45 years. Thus, we have

db < 0 and the second term is positive for all relative in�ation rates satisfying �ij > 0. The

data also show that bbi > bbj for two clubs for which dbi > dbj : Thus, the model can explain the

in�ation divergence shown in Figure 3. The growth rate of the relative labor share can be written

as \(bi=bj) = bbi � bbj : So the model can also explain the strong positive co-movement between the
relative labor share and the relative in�ation rate as shown in Panel A of Figure 4.

Propositions 1 and 2 provide a theoretical explanation of the emergence of in�ation diver-

gence in the US over the last half century. The corner stone of the model was the substitution

parameter, ; which represents the degree of the replacement of human labor by machine.

We now question whether in�ation divergence can be explained by using alternative models.

4.3 Alternative Models and Discussions

As we discussed in the introduction, many papers deal with price divergence within a broader

analysis of structural transformation accompanying economic growth and development. By intro-

ducing biased technology growth and/or quality improvements in a model, one can explain the

price divergence observed in the data.15 However, the models with these elements typically fail

to generate in�ation divergence. Here we brie�y discuss whether or not the introduction of either

element can lead to in�ation divergence. We also consider whether returns to scale can generate

in�ation divergence.

To summarize, we �nd that none of models can satisfactorily account for divergence in in�a-

tion rates. Appendix D provides the fully-articulated models and derivations of the key equations

for the discussion in this subsection.
15Explaining price divergence with biased technology growth is straightforward . A sector with faster productivity

growth will experience falling relative price as the relative cost of production falls over time. For the models that can

explain price divergence with quality improvements, see Bils and Klenow (2001), Buera and Kaboski (2012), Choi et

al. (2009), and Fajgelbaum et al. (2011).

20



Heterogeneous Productivity Growths A starting point of the discussion is di¤erent produc-

tivity growths across industries. To make matters simple, consider a model with two industries,

indexed i 2 f1; 2g : Similar to our baseline model, the representative household has preferences over
the goods in industry 1 and 2 as

U =

�
�
1
� c

��1
�
1 + c

��1
�
2

� �
��1

;

where � > 0 is the relative weight for the goods in industry 1. This weight can also be interpreted

as the (elasticity adjusted) quality of good in industry 1. Both industries have production function

as yi = Aili; where yi; Ai and li are output, productivity, and labor input in industry i, respectively.

Under the perfectly competitive market environment, the equilibrium price of goods in industry i

is given as

pi = A
�1
i w:

So the relative in�ation rate is given as

�12 = �2 � �1;

where � i = bAi, the productivity growth in industry i: Thus, if productivity in industry 2 grows
relatively fast, �2 > �1; the in�ation rate in industry 1 becomes higher than that in industry 2.

Intuition for this result is straightforward. If an industry experiences relatively slow productivity

growth, the price of the items produced by the industry falls relatively less, resulting in price

divergence. How about in�ation rate divergence? To generate in�ation divergence, the model

requires d�2 > d�1: That is, the productivity growth rate in industry 2 should not only be greater

than that of industry 1, but the growth rate should accelerate over time. Long term acceleration

in labor productivity growth rates is not something we observe in estimates of labor productivity.

Also note that any change in � does not a¤ect the relative price in the economy as long as it does

not a¤ect the marginal cost of production. In other words, the relative quality improvements do

not a¤ect the price dynamics in this simple model.

Increasing and Decreasing Returns to Scale One of the major problems in explain the

price divergence with the simple model described above is that prices are always proportional to

the productivity. To relax this strong prediction, we can introduce non-constant returns to scale

technologies. The basic intuition for this is that when an industry has a decreasing returns to scale

(DRS) technology and uses more resources, its price rises more than the case with a constant or

increasing returns to scale (CRS and IRS, respectively) technology. Similarly, an industry with IRS

may experience relatively lower in�ation rate when the resources allocated toward the industry.
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So, if industry 1 uses more resources and its price rises relatively, then we may consider a model in

which the industry has a DRS technology. Let�s assume that industry 1 has its production function

as

y1 = A1l
1��
1 ;

where � 2 [0; 1) captures the degree of the DRS.16 Under the restriction on the elasticity of substitu-
tion � < 1, we can show that this DRS technology can explain price divergence together with a fall

in relative real consumption when the relative productivity falls with a constant rate.17 However,

the model with the DRS still fails to generate in�ation divergence. The main reason is that besides

the price divergence coming from the relative productivity growth, additional price divergence oc-

curs through the resource reallocation across industries. When more labor is used in industry 1

due to di¤erent productivity growth, the price of goods in industry 1 rises. However, this resource

reallocation e¤ect diminishes as the productivity progresses. So, the DRS e¤ect on the relative

price becomes smaller resulting in in�ation convergence.

How about introducing an IRS in industry 2?18 If an industry has an IRS technology,

the relative price of the industry good may fall over time when the industry uses more resources.

However, there are two major problems here. First, the direction of the resource reallocation is

not supported in the data. In the model, we want the resources to be reallocated from industries

with falling relative prices to industries with rising relative prices, as in the data. Furthermore,

with falling relative productivity, resources are reallocated away from the industry, not to the

industry. Second, even if we ignore the resource reallocations, the model again generates in�ation

convergence due to a similar mechanism as in the decreasing returns to scale case - diminishing

resource reallocation e¤ect on the relative in�ation rate. So, IRS and/or DRS alone cannot generate

what we observe in the data, especially in�ation divergence.

Quality Improvements As an alternative for the explanation for the price dynamics, we can

think of quality improvements in industry 1 together with DRS/IRS technologies. Consider a case

where industry 1 has a DRS technology and experiences quality improvements. Quality improve-

ments can be captured with a rise in � in the utility function. This may occur exogenously or

endogenously. For example, we can set up a model with endogenous entry in industries and the

16The degree of the returns to scale is 1�� . For the DRS technology, we can introduce a monopolistic competition
environment with many producers in industry 1.
17We still need �1 < �2 for the model with the DRS for the price divergences. With the same productivity growth

across industries, there will be no resource reallocations. So the degrees of the returns to scale have no e¤ect on the

price dynamics when �1 = �2: The model also requires � < 1; (gross) substitutes, so that the biased productivity

growth results in a resource reallocation toward the industry 1.
18We can introduce an IRS technology which is external to each �rm in the industry but internal to the industry.
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quality of goods improves through a variety e¤ect. So � is determined by the elasticity-adjusted

relative number of �rms (or equivalently variety). Alternatively, we can think of a case where �rms

choose the quality of their products directly with a rising marginal cost function with respect to

their quality choice. Either way, we can treat these mechanism through changes in � and the rela-

tive productivity indirectly. A rise in v directly increases the demand for goods in industry 1. So,

relatively more labor is used in the industry and the price rises under a DRS technology. Although

a rise in the relative quality can explain price divergence and resource reallocations, it fails to ex-

plain the other two divergences, the relative consumption and in�ation divergence. Furthermore,

the model still generates in�ation convergence as the resource reallocation e¤ect falls over time,

unless the growth rate of the relative quality rises over time. Thus, for the quality improvements,

we also need to introduce the relative productivity growth to resolve the �rst problem. However,

even with these two changes, the model cannot explain the in�ation divergence as both changes,

relative productivity and quality, have diminishing e¤ects on the relative in�ation rate.

5 Conclusion

It is common knowledge that as economies grow richer, the price of output from labor intensive

industries grows relative to the price of output from non-labor intensive industries. A corollary

of this empirical �nding is that households consume more of the output from the labor intensive

sectors of the economy. This structural transformation is often documented by relying on broad

sector aggregates - services versus non-services, for example.

This paper begins by challenging whether these broad aggregates are appropriate when an-

alyzing price divergence and structural change in the economy. We argue that the heterogeneity

in long term in�ation rates in consumption items is large, and su¢ ciently large to warrant re-

considering whether broad aggregates are appropriate for analyzing structural transformation and

associated phenomena. Using recently developed econometric methods, we show that consumption

item prices can be grouped into convergence clubs, whereby items within a convergence club share

the same long run trend in prices. Because there is little heterogeneity within these clubs, they

provide a more sound basis for analysis.

Several interesting results emerge. First, we not only con�rm relative price divergence as a

function of labor share, but in fact �nd evidence of in�ation divergence: Not only are prices growing

apart, but the rate at which they are growing is increasing over time. Both price and in�ation

divergence appear positively related to labor share in production. Second, we �nd that the relative

consumption share of high-price goods is decreasing over time. To account for these empirical

�ndings, we build a general equilibrium model of structural transformation. The key parameter in
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our model is the rate of substitution between labor and material inputs. As technology increases,

the relative price of machine becomes cheaper, which results in employing more material inputs

relatively as long as material inputs can replace human labor. As the labor share in an industry

declines relatively more to the other industries over time, the relative in�ation rate of the industry

falls with more e¤ective reduction in the cost of production. And with a standard CES preferences

over goods across industries, the relative real consumption rises with a fall in the relative price.
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Appendix

A PCE Components and Club Memberships

Club 1: Net purchases of used motor vehicles; Educational books; Fuel oil and other fuels; Pharma-

ceutical and other medical products; Tobacco; Water supply and sanitation; Natural gas; Physician

services; Dental services; Paramedical services; Hospitals; Nursing homes; Ground transportation;

Accommodations; Financial services furnished without payment; Life insurance; Net household in-

surance; Net health insurance; Net motor vehicle and other transportation insurance; Postal and

delivery services; Higher education; Nursery, elementary, and secondary schools; Commercial and

vocational schools; Professional and other services; Household maintenance.

Club 2: Food and nonalcoholic beverages; Purchased for o¤-premises consumption; Motor

vehicle fuels, lubricants, and �uids; Magazines, newspapers, and stationery; Rental of tenant-

occupied nonfarm housing; Imputed rental of owner-occupied nonfarm housing; Rental value of

farm dwellings; Group housing; Motor vehicle maintenance and repair; Membership clubs, sports

centers, parks, theaters, and museums; Audio-video, photographic, and information processing

equipment services; Gambling; Purchased meals and beverages; Food furnished to employees (in-

cluding military); Personal care and clothing services; Social services and religious activities.

Club 3 (sub group A): Glassware, tableware, and household utensils; Recreational books;

Therapeutic appliances and equipment; Food produced and consumed on farms; Other clothing ma-

terials and footwear; Household supplies; Other motor vehicle services; Other recreational services;

Financial service charges, fees, and commissions; Foreign travel by US residents.

Club 3 (sub group B): New motor vehicles; Furniture and furnishings; Sports and recre-

ational vehicles; Luggage and similar personal items; Alcoholic beverages purchased for o¤-premises

consumption; Recreational items; Personal care products; Electricity; Air transportation.

Club 4: Motor vehicle parts and accessories; Tools and equipment for house and garden;

Musical instruments; Jewelry and watches; Garments; Water transportation; Telecommunication

services.

Group 5 (No Convergence): Household appliances; Video, audio, photographic, and infor-

mation processing equipment; Sporting equipment, supplies, guns, and ammunition; Telephone and

facsimile equipment.
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B Calculating labor shares for PCE categories

B.1 Step 1: Labor shares for �nal output of 35 Industries.

We begin by using the KLEMS database on 35 industries provided by Dale Jorgenson. The pro-

duction function for output in industry i is

vi = ki + li +
35X
j=1

s
(i)
j

where vi nominal total output, ki is the nominal share of capital input, li is the nominal share of

labor input, and s(i)j is the nominal share of output from industry j that is used by industry i in

production (i.e. intermediate production). Now re-express this as

vi = ki + li +
35X
j=1

s
(i)
j

sj
� sj = ki + li +

35X
j=1

ai;j � sj

In vector notation we have

V = K + L+A � V

Final demand is total output less intermediate demand. Let F denote the vector of �nal demand.

Then F = V �AV or

F = (I �A)V = K + L

To get the nominal labor share of each industry, we divide each element of F by the corresponding

element of L, or
fi
li

fi=li.

To get the de�ated labor shares, let pi denote the price index for vi, and let pL;i denote the

price index for li. Then the de�ated labor share is

fi
li
� pL;i
pi

B.2 Step two: Mapping the 70 PCE categories into the 35 Jorgenson Industries.

The PCE items can be mapped into 3-digit level NAICS industry level data using PCE Bridge tables

produced by the BEA (available at http://www.bea.gov/industry/more.htm). A single NAICS

industry is assigned to each PCE item category according to which NAICS industry accounts for

the largest share of �nal output within the PCE item category. To map from NAICS to SIC level

industries, we use the NAICS to SIC cross-reference supplied by the NAICS association (available
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here: http://www.naics.com/naics�les/NAICS_to_SIC_Cross_Reference.xls). Again, there is no

perfect one-to-one mapping, but typically a particular SIC code accounts for the vast majority of

the output within the NAICS industry code. Jorgenson and Stiroh (2000) provide the list of SIC

codes that comprise each one of their 35 industries.

This results in the following correspondences btween the PCE items and the Jorgenson

industries being adopted: Physician services - services; Dental services - services; Paramedical ser-

vices - services; Hospitals -services; Nursing homes - services; Pharmaceutical and other medical

products - chemical products; Financial services furnished without payment - FIRE; Life insurance

- FIRE; Net household insurance - FIRE; Net health insurance - FIRE; Net motor vehicle and other

transportation insurance -FIRE; Educational books-printing and publishing; Commercial and vo-

cational schools -services; Higher education - services; Nursery, elementary, and secondary schools

- services; Fuel oil and other fuels - petroleum re�ning; Ground transportation - transportation

and warehouse; Natural gas - gas utilities; Postal and delivery services - transportation and ware-

house; Water supply and sanitation - services; Accommodations - services; Household maintenance

- services; Net purchases of used motor vehicles - services; Professional and other services - ser-

vices; Food and nonalcoholic beverages purchased for o¤-premises consumption - food products;

Food furnished to employees (including military) - food products; Purchased meals and beverages

- services; Magazines, newspapers, and stationery - printing and publishing; Membership clubs,

sports centers, parks, theaters, and museums - services; Audio-video, photographic, and informa-

tion processing equipment services - services; Gambling - services; Imputed rental of owner-occupied

nonfarm housing - FIRE; Rental value of farm dwellings - FIRE; Group housing - services; Rental

of tenant-occupied nonfarm housing - FIRE; Motor vehicle fuels, lubricants, and �uids -petroleum

re�ning; Motor vehicle maintenance and repair - services; Personal care and clothing services -

services; Social services and religious activities -services; Furniture and furnishings - furniture and

�xtures; New motor vehicles - motor vehicles; Sports and recreational vehicles - motor vehicles;

Recreational books - printing and publishing; Therapeutic appliances and equipment - miscella-

neous manufacturing; Luggage and similar personal items -miscellaneous manufacturing; Telephone

and facsimile equipment - electronics and electrical equipment; Alcoholic beverages purchased for

o¤-premises consumption - food products; Food produced and consumed on farms - Alcoholic bev-

erages purchased for o¤-premises consumption - food products; Recreational items- miscellaneous

manufacturing; Household supplies - textile mill products; Personal care products - miscellaneous

manufacturing; Electricity - electrical utilities; Air transportation - transport and warehouse; Fi-

nancial service charges, fees, and commissions - FIRE; Foreign travel by U.S. residents- transport

and warehouse; Other recreational services - services; Other motor vehicle services - services.
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C Derivations of Key Equations and Proofs of the Propositions

In this appendix, we provide derivations of the key equations in the model and the proofs of the

propositions. All the prices are normalized with the wage rate, w = 1:

C.1 Derivation for the Household�s Demand Functions

The representative household maximizes the utility

U =

 
NX
i=1

c
��1
�
i

! �
��1

; (C.1)

subject to the budget constraint
NX
i=1

pici � w: (C.2)

The �rst order conditions give  
NX
i=1

c
��1
�
i

! 1
��1

c
� 1
�

i = �pi; (C.3)

where � is the Lagrangian multiplier for the budget constraint. Using the utility function U; we

can rewrite the �rst order condition as

ci = (�pi)
�� U: (C.4)

Taking the power of (� � 1) =� both sides and summing up over industries, we have
NX
i=1

c
��1
�
i = �1��U

��1
�

NX
i=1

p1��i :

Applying the utility function U , we have � as

� =

 
NX
i=1

p1��i

!� 1
1��

: (C.5)

Multiplying both sides of (C.4) with pi and summing up over industries, we have

NX
i=1

pici = ���U
NX
i=1

p1��i (C.6)

= ��1U:

We can de�ne the consumer price index P as

PU =
NX
i=1

pici:
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Then, from the total expenditure in (C.6), we have

P =

 
NX
i=1

p1��i

! 1
1��

: (C.7)

Using the �rst order condition (C.4), the solution for the Lagrangian multiplier (C.5) and the price

index (C.7), we have the demand for goods as

ci =
�pi
P

���
U: (C.8)

C.2 Derivations for Equilibrium Prices and the Labor Share

A �rm in industry i maximizes the pro�t of the �rm

max�i = piA

�
a
1
i
i x

i�1
i
i + (1� ai)

1
i l

i�1
i

i

� i
i�1

� pxxi � li

under the perfect competition. Here, we directly applied the production function (11) to the pro�t

function (12). The �rst order conditions are given as

px = piA

�
a
1
i
i x

i�1
i
i + (1� ai)

1
i l

i�1
i

i

� 1
i�1

a
1
i
i x

� 1
i

i ; (C.9)

1 = piA

�
a
1
i
i x

i�1
i
i + (1� ai)

1
i l

i�1
i

i

� 1
i�1

(1� ai)
1
i l

� 1
i

i : (C.10)

From the �rst order conditions (C.9) and (C.10), we have the ratio of the inputs as

li
xi
=

�
1� ai
ai

�
p
i
x : (C.11)

Using this ratio, we can write the total cost of production, zi, in terms of xi and the material price

as

zi = pxxi + wli (C.12)

=

�
1 +

�
1� ai
ai

�
p
i�1
x

�
pxxi

=
h
aip

1�i
x + (1� ai)

i pix xi
ai

:

Applying the input ratio (C.11) into the production function (11), we have

yi = A

24a 1
i
i x

i�1
i
i + (1� ai)

1
i

�
1� ai
ai

� i�1
i

p
i�1
x x

i�1
i
i

35
i

i�1

(C.13)

= A
�
aip

1�
x + (1� ai)

� i
i�1

p
i
x xi
ai

:
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From the zero pro�t condition under perfect competition, piyi = zi; we have the price of a good in

industry i as

pi = A
�1 �aip1�x + (1� ai)

� 1
1�i : (C.14)

The cost minimization problem of a �rm in choosing material inputs is given as

pxxi = min

NX
j=1

pjxij (C.15)

subject to the material input aggregation function (13). The �rst order condition gives

pj = sj�ixix
�1
ij ; (C.16)

where �i is the Lagrangian multiplier for the constraint (13). Multiplying both sides of (C.16) with

xij and summing up over industries, the total cost for material inputs is given as

pxxi = �ixi: (C.17)

Thus, we have the price index for the material inputs as px = �i: Dividing the both sides of (C.16)

with sj , taking the power of sj and multiplying over industries, we have

�i =
NY
j=1

�
pj
sj

�sj
:

So, the price index for the material inputs in the cost minimization problem is given as

px =

NY
j=1

�
pj
sj

�sj
: (C.18)

From the relative inputs (C.11) and the total cost of production (C.12) together with the zero pro�t

condition, we have

li
pxxi

=
li

piyi � li

=
bi

1� bi

=

�
1� ai
ai

�
p
i�1
x :

Rearranging it, we have the labor share as

bi =
1� ai

ap
1�i
x + (1� ai)

: (C.19)

From the price of goods in industry i in (C.14) and the labor share (C.19), we can rewrite the price

of good in industry i as

pi = A
�1
�
1� ai
bi

� 1
1�i

(C.20)
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C.3 Proofs of Proposition 1

Log-linearizing the price of goods in industry i (C.14), we have

�i = �� +
�
1 +

�
1� ai
ai

�
p
i�1
x

��1 bpx; (C.21)

where � = bA. Using the labor input share (C.19), we have
�i = �� + (1� bi) bpx: (C.22)

The in�ation rate for the price of goods in industry i is decreasing in the productivity but increasing

in the price of material input. From the price index of the material input in (C.18), we have

bpx = NX
i=1

si�i: (C.23)

Applying the in�ation rate of goods in industry i (C.22), we have

bpx = �� + NX
i=1

si (1� bi) bpx: (C.24)

Rearranging it,

bpx = �
 

1PN
i=1 sibi

!
� (C.25)

= ��
b
:

Thus, the material input price always falls with a rise in the productivity. From the price of good

in industry i in (C.20) we have

�i = �� +
bbi

i � 1
: (C.26)

So the relative in�ation rate is give as

�ij =
bbi

i � 1
�

bbj
j � 1

: (C.27)

From the labor share (C.19) and the growth rate of the matrial input price (C.25), we have

the change in the labor share as

dbi = �
(i � 1) (1� bi) bi�

b
:
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From the demand for goods (C.8), the relative demand for goods is given as

ci
cj
=

�
pi
pj

���
: (C.28)

In growth rates, we have bci � bcj = ���ij : (C.29)

C.4 Proof of Proposition 2

Applying the in�ation rate of the material inputs (C.25) to the in�ation rate for the price of goods

in industry i (C.22), we have

�i = �� �
�
1� bi
b

�
� (C.30)

Thus, we can rewrite the relative in�ation rate as

�ij =

�
bi � bj
b

�
� : (C.31)

From the relative in�ation rate (C.31), the change in the relative in�ation rate is given as

d�ij =
�
dbi � dbj

b

�
� �

�
db

b

�
�ij : (C.32)

Clearly, when dbi > dbj ; db < 0; and �ij > 0; d�ij > 0: That is, the in�ation rate divergence occurs.

D A Model with Decreasing/Increasing Returns to Scales

In this appendix, we introduce a model with DRS/IRS technologies together with heterogeneous

productivity growth across sectors for the discussion in Section 4.

D.1 The Model

To make the model simple and tractable, we assume that there are two industries in the economy

indexed i 2 f1; 2g. Each industry uses labor only in production with possibly di¤erent returns to
scales. Without loss of generality, we will consider a case where the relatively in�ation is positive

in industry 1, labor is allocated more toward the industry, and relative consumption falls in the

industry.

The representative household has preferences over consumption of goods in two industries.

In industry 1 di¤erentiated goods are produced by a continuum of producers of unit mass under
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the monopolistically competitive market.19 Each good produced by a �rm in industry 1 is indexed

by j 2 [0; 1] : The representative household�s preferences over variety in industry 1 are given as a
CES function

c1 =

�Z 1

0
c
��1
�

1j dj
� �

��1
;

where � > 1 is the elasticity of substitution between varieties within industry 1. In industry 2

a homogeneous good is produced by many �rms under the perfectly competitive market.20 The

preferences over goods are a constant elasticity of substitution (CES) form. Speci�cally, the utility

function is

U =

�
�
1
� c

��1
�
1 + c

��1
�
2

� �
��1

;

where � > 0 is the relative weight for the goods in industry 1; c1 and c2 are consumption of goods

in industry 1 and 2; and � > 0 is the elasticity of substitution between goods across industries.

The representative household is endowed with 1 unit of labor and supply them inelastically in the

perfectly competitive labor market. The budget constraint of the household is given asZ 1

0
p1jc1jdj + p2c2 � 1 + �;

where p1j is the price of good j in industry 1; p2 is the price of good in industry 2, and � is

the dividend payments from �rms in the economy. Here, we normalize the wage rate to 1. The

household�s utility maximization problem gives the demand for each good as

c1j =

�
p1j
p1

���
c1; (D.1)

c1 = �
�p1
P

���
U; (D.2)

c2 =
�p2
P

���
U; (D.3)

where p1 is the price index for the aggregate of c1 de�ned as p1 =
�R 1
0 p

1��
1j dj

� 1
1��

; and P is the

consumer price index de�ned as P =
�
�p1��1 + p1��2

� 1
1��

:

Each �rm in industry 1 has the production function

y1j = A1l
1��
1j ;

19The monopolistic competition with many �rms is introduced in industry 1 to support the decreasing returns to

scale technology. The number of producers does not a¤ect the pricing decisions and the equilibrium price is always

proportional to the marginal cost in the model.
20Similar to industry 1, we may use a monopolistically competitive market in industry 2. But, the results are

invariant to the market competitiveness.
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where y1i; l1i; and A1 are output and labor input of �rm i in industry 1, and the industry-wide

productivity, respectively. The degree of the returns to scale is captured by � 2 (0; 1]: Each producer
maximizes its pro�t given wage rate

�1j = p1jy1j � li;

subject to the production function and the constraint y1j = c1j : From the pro�t maximization

problem, we have the equilibrium price and labor inputs in industry 1 as

p1 =
�

(�� 1) (1� �)A
� 1
1��

1 c
�

1��
1 ; (D.4)

l1 =

�
c1
A1

� 1
1��

: (D.5)

Firms in industry 2 use labor as the only input. Contrary to industry 1, industry 2 has

an IRS external to �rms (but internal to the industry) in producing goods. Speci�cally, a �rm in

industry 2 has the production function

y2 = �A2l2;

where y2; l2; and A2 are output and labor input of a �rm in industry 2, and the industry-wide

productivity, respectively. Each �rm takes � as given so that it behaves as if it faces a CRS

technology. However, due to IRS internal to the industry, � depends on the size of the industry in

the economy

� = l�2 ;

where � � 0 which represents the degree of the IRS. The total output in industry 2 in an equilibrium
is given as

y2 = A2l
1+�
2 ;

with y2 = c2.21 From the pro�t maximization problem with the zero pro�t condition, we have the

equilibrium price and labor inputs in industry 2 as

p2 = A
� 1
1+�

2 c
� �
1+�

2 ; (D.6)

l2 =

�
c2
A2

� 1
1+�

: (D.7)

The labor market clearing condition is given as

1 = l1 + l2 (D.8)

=

�
c1
A1

� 1
1��

+

�
c2
A2

� 1
1+�

:

21 Instead of the IRS technology, we may introduce a DRS in industry 2. In this case, we can set � < 0 in equilibrium

for the analysis of the dynamics of the economy as the qualitative results are still valid.
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D.2 Relative Productivity Progress

We have 4 key equations that determine the equilibrium of the economy, (D.4), (D.6), (D.8) and

c1=c2 from (D.2) and (D.3),
c1
c2
= �

�
p1
p2

���
: (D.9)

The log-linearization of these equations gives

�1 =

�
1

1� �

�
(�bc1 � �1) ; (D.10)

�2 = �
�

1

1 + �

�
(�bc2 � �2) ; (D.11)

bc2 = �2 �
(1 + �) s

1� � (bc1 � �1) ; (D.12)

bc1 = bc2 � � (�1 � �2) ; (D.13)

where �i = bpi; � i = bA; and s = l1=l2; relative labor inputs. Rearranging these equations, we have
the relative in�ation and consumption growth as

�1 � �2 =
(1 + s)

�
(�2 � �1) ; (D.14)

bc1 � bc2 = �� (1 + s)
�

(�2 � �1) ; (D.15)

where � = 1�(1� �) �+[1 + � (1� �)] s: From the de�nition of the relative labor share, its growth
is given as bs = (1� �) (1 + s)

�
(�2 � �1) : (D.16)

To be consistent with the data, we need

1. The relative price diverges: �1 > �2;

2. The relative consumption diverges: bc1 < bc2;
3. The relative labor share rises: bs > 0; and
4. The in�ation rate diverges: (d�1 � d�2) > 0 with �1 > �2.

Clearly, when �1 = �2; the economy has the same relative price, relative consumption

and relative labor share. So, the model cannot explain the data even with di¤erent returns to

scale technologies. Thus one assumption we impose in the analysis is that the industry with high

in�ation has relatively lower productivity progress, that is, �2 > �1: With this assumption, we

need a parameter restriction of � > 0 from (D.14). This means that given parameter values of the
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degree of returns to scales, � and �; the elasticity of substitution between goods in two industries,

�; should satisfy

� > 1� 1 + s

� � �s if � > �s; (D.17)

� < 1 +
1 + s

�s� � if �s > �:

Note that for the case of � > �s the condition is redundant as (1 + s) = (� � �s) > 1 and � > 0:

When � = 1; a Cobb-Douglas preference, � = 1+ s: This gives bs = 0; no resource reallocation even
with di¤erent productivity growth. Basically, as the relative expenditure is constant in a Cobb-

Douglas preferences, a rise in the relative price is exactly o¤set by a fall in the relative consumption

resulting in the same labor share between two industries. So, the model predictions are identical to

those with a CRS technology. With � > 0; we have bc1 < bc2 as long as �2 > �1 as in the data. Forbs > 0; the model requires 0 < � < 1: Combining the conditions in (D.17), we have the restrictions
on the elasticity of substitution between goods as 0 < � < 1: That is, the two industry goods

are (gross) complements. This complementarity is necessary to generates a resource reallocation

toward industry 1 even with a rising relative price.

With this conditions, the model can capture �rst three key properties in the data as long

as �2 > �1. How about the last one, in�ation divergence? The in�ation divergence/convegence is

given by the change in (1 + s) =�: Di¤erentiating it with respect to s gives

@ ((1 + s) =�)

@s
=

1

�2
[�� (1 + s) (1 + � (1� �))] (D.18)

= �(1� �) (�+ �)
�2

:

So, the factor for the in�ation rate di¤erential is decreasing over time as the relative labor share

s rises over time. Thus contrary to the data, the model predicts the in�ation convergence not

divergence. We can consider a case with DRS technologies in both industries. In this case, it is

similar to set � < 0 in the �nal log-linearization equations. An additional constraint that we may

need to assume that �� < � that is the degree of the DRS is bigger in industry 1 compared to

industry 2. Then, the results above are still valid qualitatively. So, as long as industry 2 has not

too severe DRS technology, the model cannot explain in�ation divergence.

D.3 Quality Improvements

In the model we abstract away from the quality variations to keep the model simple. However the

preference parameter � can be interpreted as the relative quality of goods in industry 1. We may

add endogenous entry in the economy, and set up the model so that the quality improves through
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variety e¤ect. In this case � is determined by the relative number of producers (or equivalently

variety) augmented with elasticity of substitutions. Alternatively, we can think of a case where

�rms choose the quality of their products directly with a rising marginal cost function with respect

to quality. In this case, � captures this endogenous relative quality improvements and the costs

associated with the quality can be captured by the relative productivity growth. Here, we assume

that the relative quality improvement occurs exogenously, and capture all the marginal costs of

quality improvements with the relative productivity growth. Now, the log-linearization of (D.9)

with changes in � gives bc1 = bc2 � � (�1 � �2) + b�: (D.19)

Together with the other log-linearized equations (D.10), (D.11), and (D.12), we have

�1 � �2 =
(1 + s)

�
(�2 � �1) +

� � �s
�

b�; (D.20)

bc1 � bc2 = �� (1 + s)
�

(�2 � �1) +
(1� �) + (1 + �) s

�
b�; (D.21)

bs =
(1� �) (1 + s)

�
(�2 � �1) +

(1 + s)

�
b�: (D.22)

Let�s focus on the relative quality improvement, b� > 0; by setting �1 = �2: For the price

divergence with quality improvements, the model requires � > �s: As the resources are reallocated

toward the quality improving industry which has a DRS technology, bs > 0, the relative price rises,
�1 > �2. Obviously, the demand for goods shifts toward the quality improving industry, so the

model predicts rising relative consumption, bc1 > bc2 contrary to the data. Thus, for the quality
improvements, the model needs a negative relative productivity growth, �1 < �2; additionally.

Now consider the case where b� > 0 and �1 < �2: In addition to the exogenous relative

productivity growth, the relatively productivity growth indirectly captures the idea that the quality

improvement may be associated with a rise in costs in production. For the price divergence, the

relative productivity growth rate requires

�2 � �1 >
�s� �
1 + s

b�: (D.23)

If � > �s; the price divergence always occurs as both the relative productivity growth and the

quality improvement raise the relative price. Even if � < �s due to relatively strong IRS in industry

2, the price divergence arises if the relative productivity growth e¤ect on the price divergence is

dominating the quality improvement e¤ect. For the relative consumption divergence, the relative

productivity growth rate requires

�2 � �1 >
1

�

�
1� � � �s

1 + s

�b�: (D.24)
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Since �1 < (� � �s) = (1 + s) < 1; this condition says that the relative productivity growth rate

should be su¢ ciently large to o¤set the e¤ect of the quality improvement on the relative con-

sumption. For the resource reallocation, both the relative productivity growth and the quality

improvement always raise the relative labor share. Although the model can predict the price and

consumption divergence, and the resource reallocation as in the data, the model still predicts in�a-

tion convergence. To see that, we can check the changes in (1 + s) =� and (� � �s) =� with respect
to the change in s as bs > 0. For the relative productivity growth, we have

@ ((1 + s) =�)

@s
= �(1� �) (�+ �)

�2
< 0; (D.25)

that is, the e¤ect of the relative productivity on the price divergence diminishes over time. For the

quality improvement, we have

@ ((� � �s) =�)
@s

= ��+ �
�2

< 0: (D.26)

So the e¤ect of the relative productivity on the price divergence also diminishes over time. Thus,

without divergence in relative productivity growth and/or rising growth rate of the relative quality,

the model with quality improvements cannot predict the in�ation divergence.
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