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STRUCTURAL CHANGE AND THE KALDOR FACTS IN A GROWTH
MODEL WITH RELATIVE PRICE EFFECTS AND

NON-GORMAN PREFERENCES

BY TIMO BOPPART1

U.S. data reveal three facts: (1) the share of goods in total expenditure declines at a
constant rate over time, (2) the price of goods relative to services declines at a constant
rate over time, and (3) poor households spend a larger fraction of their budget on goods
than do rich households. I provide a macroeconomic model with non-Gorman prefer-
ences that rationalizes these facts, along with the aggregate Kaldor facts. The model is
parsimonious and admits an analytical solution. Its functional form allows a decompo-
sition of U.S. structural change into an income and substitution effect. Estimates from
micro data show each of these effects to be of roughly equal importance.

KEYWORDS: Structural change, structural transformation, relative price effect, non-
Gorman preferences, Kaldor facts.

1. INTRODUCTION

IT IS WELL DOCUMENTED THAT ECONOMIC GROWTH GOES HAND IN HAND
with significant shifts in the sectoral structure of output, employment, and ex-
penditures (Kuznets (1957)). These dynamics are hard to square with balanced
growth at the aggregate level, as described by the Kaldor facts—that is, the
growth rate of real per-capita output, the real interest rate, the capital-output
ratio, and the labor income share are all constant over time (Kaldor (1961)).

Structural change in expenditures is commonly believed to be driven by two
separate forces. First, the expenditure structure can shift because of relative
price changes driven by asymmetric technologies across sectors.2 Second, an
income effect may decrease the expenditure shares of necessities (and increase

1I would like to thank Josef Falkinger, Reto Föllmi, Volker Grossmann, Marcus Hagedorn,
Tim Kehoe, Per Krusell, Kiminori Matsuyama, Rachel Ngai, Sergio Rebelo, Danyang Xie, Fab-
rizio Zilibotti, and Josef Zweimüller for illuminating discussions. Moreover, I would like to thank
Simon Alder, Orazio Attanasio, Gregori Baetschmann, Konrad Burchardi, Pierre-André Chi-
appori, Tom Cunningham, Victoria Galsband, Sandra Hanslin, Andreas Müller, Nick Netzer,
Torsten Persson, Iryna Stewen, Raphael Studer, Franziska Weiss, the editor, three anonymous
referees, and participants at the annual congress of the Royal Economic Society 2011, EEA 2011,
and ES in Evanston 2012 as well as participants at University of Zurich, IIES, Stockholm Uni-
versity, Nordic Macro Symposium 2011, the workshop on dynamic macro in Vigo 2012, NBER SI
2012, and the workshop on structural change at Surrey University 2012 for many valuable com-
ments and suggestions. Marc Bill, Lukas Gehrig, and Theo Süllow provided excellent research
assistance. I thank Annika Andreasson for her proof-reading. An earlier version of this paper is
part of my cumulative dissertation at University of Zurich.

2This mechanism goes back to Baumol (1967), who stressed productivity growth differentials as
a source of relative price changes. Changes in relative prices affect expenditure shares whenever
the elasticity of substitution across sectors is not equal to unity.
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the expenditure shares of luxuries) even at constant relative prices.3 In this pa-
per, I document three empirical facts about the post-war United States that
speak to the underlying determinants of structural change: (i) the share of
goods in total expenditure declines at a constant rate over time, (ii) the price
of goods relative to services declines at a constant rate over time, and (iii) poor
households spend a larger fraction of their budget on goods than do rich house-
holds. I then show that a parsimonious neoclassical growth model can ratio-
nalize not only these facts, but also the aggregate Kaldor facts. The main new
element in my macroeconomic theory is to incorporate a class of preferences
regularly used in applied microeconomics. These non-Gorman preferences are
tractable and turn out to generate auxiliary predictions that I verify using mi-
croeconomic data.

This paper has several overlaps with the existing literature. Much of the lit-
erature focuses on a single mechanism behind structural change. Emphasiz-
ing the relative price channel, Ngai and Pissarides (2007) reconciled structural
change with the Kaldor facts. Asymptotically, the same is true in Acemoglu
and Guerrieri (2008).4 Yet, by using a (homothetic) constant elasticity of sub-
stitution (CES) specification, both papers abstract from income effects. In con-
trast, Kongsamut, Rebelo, and Xie (2001) as well as Foellmi and Zweimueller
(2008) focused on income effects and specified non-homothetic preferences.
However, these papers exclude relative price effects.5 As Buera and Kaboski
(2009) emphasized, no existing model with endogenous savings and balanced
aggregate growth includes both forces of structural change—relative price and
income effects. This gap reflects more of a theoretical challenge than a firm
belief in a single driver of structural change.6 A main contribution of my paper

3This mechanism is consistent with Engel’s law, which is regarded as one of the most robust
empirical regularities in economics (see Engel (1857), Houthakker (1957), Houthakker and Tay-
lor (1970), and Browning (2008)). As a consequence, many models of structural change rely on
income effects. See, for example, Matsuyama (1992), Echevarria (1997), Laitner (2000), Caselli
and Coleman (2001), Kongsamut, Rebelo, and Xie (2001), Gollin, Parente, and Rogerson (2002),
Greenwood and Seshadri (2002), and Rogerson (2008), who used quasi-homothetic intratempo-
ral preferences, or Falkinger (1990, 1994), Zweimueller (2000), Matsuyama (2002), Foellmi and
Zweimueller (2008), and Buera and Kaboski (2012a, 2012b), who generated non-homotheticity
by a hierarchy of needs.

4In addition to differences in productivity growth, Acemoglu and Guerrieri (2008) stressed
cross-sectoral factor intensity differences together with capital deepening as a cause of relative
price changes.

5In Kongsamut, Rebelo, and Xie (2001), consistency with the Kaldor facts relies on a knife-
edge condition that ties preference and technology parameters together and implies constant
relative prices. Foellmi and Zweimueller (2008) have to assume that technological differences
are uncorrelated with the hierarchical position of a good (and its sectoral classification).

6Acemoglu and Guerrieri (2008) acknowledged that income effects are an “undoubtedly im-
portant” determinant of structural change and concluded in their paper: “It would be particularly
useful to combine the mechanism proposed in this paper with non-homothetic preferences and
estimate a structural version of the model with multiple sectors using data from the U.S. or the
OECD.” (Acemoglu and Guerrieri (2008, p. 493).)
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is to develop a parsimonious theory which allows us to analyze both drivers of
structural change.

My model relies on non-Gorman preferences. Specifically, the marginal
propensity to consume goods and services differs between rich and poor house-
holds, such that income inequality affects the aggregate demand structure.7 Al-
though inequality matters for aggregate demand, it enters via a single sufficient
statistic, which permits a tractable dynamic framework with an analytical solu-
tion. Given the model, I use micro data to estimate the preference parameters.
Based on these estimates, I can decompose the drivers of structural change into
an income and a substitution effect. Both channels turn out to be quantitatively
important, each contributing roughly 50 percent to U.S. structural change.

The structure of the paper is as follows. Section 2 summarizes the three em-
pirical facts. Section 3 lays out the theoretical model. In Section 4, I estimate
the preference parameters and quantify the two channels of structural change.
Section 5 concludes.

2. EMPIRICAL REGULARITIES

In this section, I uncover three empirical regularities of the goods and service
sector in the post-war United States. The analysis uses data from two sources.
The price and aggregate expenditure data were obtained from the National
Income and Product Accounts Tables 1.1.4 and 1.1.5 provided by the Bureau
of Economic Analysis (BEA). I follow the BEA’s (exhaustive) classification of
total personal consumption expenditures into ‘goods’ and ‘services.’8 The sec-
ond source is the Consumer Expenditure Survey (CEX), where I use the inter-
view files of the years 1986–2011. The CEX does not provide a classification
of expenditures into goods and services. I therefore classify the CEX data into
goods and services using the BEA’s definition. For this, I match the coarser
CEX consumption categories to the BEA items of personal consumption ex-
penditures at the most detailed level (as it can be found in the underlying detail
Table 2.4.5U). For most CEX categories, the classification is then straightfor-
ward, because they contain either only goods or only services (as by the BEA’s
definition). In the year 2011, such categories cover 94.2% of total CEX expen-
ditures. For the remaining CEX categories, I classify a category as ‘services’
if and only if the expenditures on comprised BEA ‘service’ items are bigger

7This is similar to a hierarchy of needs approach à la Foellmi and Zweimueller (2008). At least
at the product level, non-linearity of Engel curves is an empirical fact and matters since it is an
explicit aim of this paper to be consistent with cross-sectional expenditure data. However, unlike
in Foellmi and Zweimueller (2008), in my model inequality is allowed for, the connection to data
of broadly defined sectors is straightforward, and (most importantly) relative price effects can be
discussed.

8According to the BEA, a ‘good’ is defined as “a tangible commodity that can be stored or
inventoried,” whereas a ‘service’ is “a commodity that cannot be stored or inventoried and that is
usually consumed at the place and time of purchase.”
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FIGURE 1.—Expenditure share of goods. The figure plots the share of personal consump-
tion expenditures devoted to goods in the U.S. on a logarithmic scale. The main (sub)categories
the BEA classifies as ‘goods’ are: “motor vehicles and parts,” “furnishings and durable house-
hold equipment,” “recreational goods and vehicles,” “food and beverages purchased for
off-premises consumption,” “clothing and footwear,” “gasoline and other energy goods,” and
“other durable/nondurable goods.” The dashed line represents the predicted values obtained by
regressing the logarithmized expenditure share on time and a constant. The estimated slope co-
efficient and its standard error are −0�0101 and 0�00015, respectively. The regression attains an
R2 of 0�9848. Source: BEA, NIPA Table 1.1.5.

than the expenditures on comprised BEA ‘good’ items.9 Each CEX interview
covers expenditures of a ‘consumer unit’ over a three month period. I exclude
consumer units with an incomplete income report, zero food expenditures, or
a calculated expenditure share of goods outside [0�1]. The analysis of these
data shows three regularities.

EMPIRICAL REGULARITY 1: The share of goods in total personal consump-
tion expenditure declines at a constant rate over time.

Figure 1 shows the share of total consumption expenditure that is spent on
goods. On a logarithmic scale, the series is well approximated by a linear down-
ward sloping trend (see dashed line). The slope of this linear fit suggests that
the share of goods decreased at a constant annualized rate of 1.0 percent.

EMPIRICAL REGULARITY 2: The price of goods relative to services declines
at a constant rate over time.

9See Appendix B.8 in the Supplemental Material (Boppart (2014)) for a detailed description
of all the data used and a list of the CEX categories that are considered as services. Note that,
as in the BEA data, the micro data measure expenditures, not consumption flows, which matters
for durable items. Note also that the CEX interview data measure ‘out-of-pocket’ expenditures
(i.e., net of third-party reimbursements).
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FIGURE 2.—Relative price between goods and services. The figure plots the relative consumer
price between goods and services on a logarithmic scale. The dashed line represents the pre-
dicted values obtained by regressing the logarithmized relative price on a constant and time. The
estimated slope coefficient and its standard error are −0�0162 and 0�00036, respectively. The
regression attains an R2 of 0�9697. Source: BEA, NIPA Table 1.1.4.

Figure 2 plots the evolution of the relative consumer price between goods
and services on a logarithmic scale. The relative price trend is well approxi-
mated by a constant annualized growth rate of −1�6 percent (see dashed line).
Supplementary to the (nominal) expenditure share and relative price of goods,
the solid line in Figure 3 shows the implied dynamics for the quantity of ser-
vices relative to goods. (In the same figure, the dashed line represents the rel-
ative quantity implied by the two linear fits in Figures 1 and 2.) The relative
quantity of services is non-monotonic, increasing until the mid-1990s and then
declining.

EMPIRICAL REGULARITY 3: Poor households spend a larger fraction of
their budget on goods than do rich households.

Figure 4 plots the expenditure shares devoted to goods for the different in-
come quintiles. At a given point in time, poorer households exhibit a larger
expenditure share of goods. On the logarithmic scale, the expenditure shares
of the different income quintiles decline linearly and in parallel over time. This
suggests that the shares of goods of rich and poor households decline at the
same (constant) growth rate as the aggregate series.

Empirical Regularity 1–3 hold for other developed countries, too. Fig-
ures B.12–B.14 in Appendix B.9 of the Supplemental Material show the aggre-
gate dynamics for European OECD countries. With −0�9 and −1�4 percent,
the average growth rates of the share and relative price of goods are similar to
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FIGURE 3.—Quantity of services relative to goods. The figure plots the quantity of services
relative to the quantity of goods. The dashed line represents the relative quantity implied by the
linear approximations of the expenditure share and relative price in Figures 1 and 2. The relative
quantity and the dashed line are normalized to 1 in the year 1946. Source: BEA, NIPA Table 1.1.3.

FIGURE 4.—Micro evidence of expenditure shares of goods. The figure plots the expenditure
share of goods for each income quintile of the U.S. on a logarithmic scale. The following expen-
diture categories are considered as services: food away from home; shelter; utilities, fuels, and
public services; other vehicle expenses; public transportation; health care; personal care; educa-
tion; cash contributions; personal insurance, and pensions. The remaining categories are consid-
ered as goods. The sample consists of expenditure data of 477,730 quarters (and 177,419 house-
holds). The quintiles refer to total household labor earnings after taxes plus transfers per OECD
modified equivalence scale. For homeowners, the imputed renting value is taken as shelter ex-
penditures. (Figures B.1, B.11, and B.2 in Appendix B.9 of the Supplemental Material show that
the picture remains qualitatively unchanged if we exclude housing expenditures, durable good
expenditures, or if we use total after tax income to form the quintiles.) Source: CEX interview
data obtained from the BLS for the year 2011 and from the ICPSR for the years 1986–2010.
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the United States. In addition, Figure B.3 in Appendix B.9 of the Supplemental
Material shows Empirical Regularity 3 for UK micro data.10

Although services became relatively more expensive over time, in Figure 3,
the relative quantity of services increased over several decades.11 This fea-
ture is inconsistent with a (homothetic) CES specification, where households
should substitute towards the cheaper sector.12 Admittedly, this rejection of a
CES specification relies on the decomposition of nominal expenditures into
prices and quantities, which is—especially due to the difficulty in measuring
quality improvements—a controversial issue. However, the study by Boskin,
Dulberger, Gordon, Griliches, and Jorgenson (1996) on biases in consumer
price estimates suggests that over-estimation of price growth is especially large
in services. This would make the argument against a CES specification even
stronger. I will not attempt to settle the debate about biases in consumer prices
in this paper. Instead, using micro data, my theory offers an approach to esti-
mating the importance of income effects, which does not rely on price data.
The estimates obtained are broadly consistent with the BEA price data.

This paper aims to explain the structural change between goods and ser-
vices. Empirical Regularity 2 highlights the need for a framework in which
relative price effects can be discussed. Empirical Regularity 3 calls for a theory
with non-homothetic preferences. For this reason, the next section provides a
multi-sector growth model in which structural change is driven by income and
relative price effects. The model will fulfill Empirical Regularity 1–3 by con-
struction. This also implies that my model can account for the hump-shaped
dynamics of the relative quantity of services. Finally, as the post-war United
States is known as a prime example for balanced aggregate growth, the ambi-
tion of this paper is to reconcile the nonbalanced features at the sectoral level
with the Kaldor facts.

3. THEORETICAL MODEL

There is a unit interval of (heterogeneous) households indexed by i ∈ [0�1].
Each household consists of N(t) identical members, where N(t) grows at an
exogenous rate n ≥ 0. N(0) is normalized to 1, such that we have N(t) =
exp[nt]. Each member of household i is endowed with li ∈ (l̄�∞), l̄ > 0, units

10All three regularities are also robust to the exclusion of durable goods. Without durable
goods, however, the pace of structural change is faster although the relative price growth is slower
(see Figures B.8 and B.9 in Appendix B.9 of the Supplemental Material). This suggests that non-
homotheticity of preferences is more important, which is indeed consistent with the micro data
(see Figure B.3 in Appendix B.9 of the Supplemental Material).

11The same is observed for European countries and is even stronger if durable goods are ex-
cluded (see Figures B.14. and B.10 in Appendix B.9 of the Supplemental Material).

12Formally, a CES specification implies XS(t)

XG(t)
= [ PG(t)

PS(t)
]σ , where σ ≥ 0 is the elasticity of substi-

tution and Xj(t) and Pj(t) are quantities and prices of the goods (j =G) and services (j = S).

Dietz

Dietz

Dietz

Dietz
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of labor and ai(0) ∈ [0�∞) units of initial wealth. The per-capita factor en-
dowments can differ across households. Labor is supplied inelastically at every
instant of time. Consequently, the aggregate labor supply L(t) ≡ N(t)

∫ 1
0 li di

grows at a constant rate n.

3.1. Preferences

All households i ∈ [0�1] have the following additively separable representa-
tion of intertemporal preferences:

Ui(0)=
∫ ∞

0
exp

[−(ρ− n)t
]
V

(
PG(t)�PS(t)� ei(t)

)
dt�(1)

where ρ ∈ (n�∞) is the rate of time preference and V (PG(t)�PS(t)� ei(t)) is an
indirect instantaneous utility function of each household member. This instan-
taneous utility function is specified over the prices of “goods” and “services,”
PG(t) and PS(t), and the nominal per-capita expenditure level of household i,
ei(t). The indirect instantaneous utility function takes the form

V
(
PG(t)�PS(t)� ei(t)

) = 1
ε

[
ei(t)

PS(t)

]ε

− ν

γ

[
PG(t)

PS(t)

]γ

− 1
ε

+ ν

γ
�(2)

where 0 ≤ ε ≤ γ < 1 and ν > 0.13 I will show below that these preferences imply
a household behavior that is consistent with the facts emphasized in Section 2.
The specified intratemporal utility function represents a subclass of “price in-
dependent generalized linearity” (PIGL) preferences defined by Muellbauer
(1975, 1976). The PIGL class of preferences is more general than the Gor-
man class.14 Still, PIGL preferences avoid an aggregation problem. Expendi-
ture shares of the aggregate economy coincide with those of a household with
a “representative” expenditure level (the representative household in Muell-
bauer’s sense). Moreover, PIGL preferences ensure that this representative

13Appendix B.1.3 of the Supplemental Material discusses further generalizations like adding
a third sector. In general, with ε �= 0, a closed form representation of the direct utility function
does not exist. An exception is if γ = ε and the direct form of (2) can be written as

U
(
xi
G(t)�x

i
S(t)

) = 1
ε

[
xi
S(t)

]ε
[
xi
G(t)

ν

]ε/(1−ε)

− ν

[[
xi
G(t)

ν

]1/(1−ε)

− xi
G(t)

]ε
− 1 − ν

ε
�

where xi
G(t) and xi

S(t) are the consumed quantities of goods and services.
14The PIGL class of preferences can be written as V (P� ei)= 1

ϑ
[ ei
a(P) ]ϑ −b(P) (see Muellbauer

(1975)). ei is the expenditure level, P is the price vector, a(P) is a linearly homogeneous function,
and b(P) is homogeneous of degree zero. The Gorman form restricts ϑ = 1 (see Appendix B.2
of the Supplemental Material for a longer discussion).
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expenditure level is independent of prices. PIGL preferences have an explicit
empirical justification and are widely used in demand system estimations (see,
e.g., the “Quadratic Expenditure System” (QES) by Howe, Pollak, and Wales
(1979) or the PIGLOG case in the “Almost Ideal Demand System” (AIDS) by
Deaton and Muellbauer (1980)).

The specified class of instantaneous utility functions includes familiar ho-
mothetic preferences as special cases. For ε = 0, we get the limit case with
V (·) = log[ ei(t)

PS(t)
] − ν

γ
[PG(t)

PS(t)
]γ + ν

γ
, and with γ = ε = 0, we obtain Cobb–Douglas

preferences with V (·) = log[ ei(t)

PG(t)νPS(t)
1−ν ]. Finally, with ν = 0, we would have

only one consumption sector and CRRA preferences.
Lemma 1 shows a restriction under which function (2) satisfies the standard

properties of a utility function.

LEMMA 1: Function (2) is a valid indirect utility specification if and only if

ei(t)
ε ≥

[
1 − ε

1 − γ

]
νPG(t)

γPS(t)
ε−γ�(3)

See Appendix B.1.1 of the Supplemental Material for the proof.
Henceforth, I assume that condition (3) is fulfilled. Later, two conditions in

terms of exogenous parameters are stated, which jointly ensure condition (3)
for all individuals at each date.

Households maximize (1) with respect to {ei(t)� ai(t)}∞
t=0, subject to the bud-

get constraint

ȧi(t)= [
r(t)− n

]
ai(t)+w(t)li − ei(t)�(4)

and a standard transversality condition, which can be expressed as

lim
t→∞

ei(t)
ε−1PS(t)

−εai(t)exp
[−(ρ− n)t

] = 0�(5)

r(t) and w(t) are the (nominal) interest and wage rate and ai(t) denotes per-
capita wealth of household i at date t. ai(0) is exogenously given. In each in-
stant of time, each household i takes PG(t) and PS(t) as given and chooses the
per-capita consumption of goods, xi

G(t), and services, xi
S(t), such that the in-

stantaneous utility is maximized. This intratemporal optimization is subject to
the budget constraint ei(t)= PG(t)x

i
G(t)+ PS(t)x

i
S(t).

3.2. Technology

There are three output goods: the output of the two consumption sectors
YG(t) and YS(t) and an “investment good,” YI(t), which can be transformed
one-to-one into capital, K(t). Capital depreciates at constant rate δ ≥ 0. This
implies, for the law of motion of capital,

K̇(t)=XI(t)− δK(t)�(6)

Dietz

Dietz
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Dietz
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where XI(t) is aggregate gross investment (in terms of investment goods) at
date t. The consumption sectors produce under perfect competition according
to the following technologies:

Yj(t)= exp[gjt]Lj(t)
αKj(t)

1−α� j =G�S�(7)

where Lj(t) and Kj(t) denote labor and capital, respectively, allocated to sec-
tor j at date t. Both production factors are fully mobile and wage rate w(t) and
rental rate R(t) equalize across sectors. α ∈ (0�1) is the output elasticity of la-
bor, which is identical across sectors. Total factor productivity (TFP) expands
at a constant, exogenous, and sector-specific rate gj ≥ 0. The investment good
is produced by a linear technology

YI(t)= AKI(t)�(8)

with A> δ.15 The market of investment goods is competitive, too. Henceforth,
I normalize the price of the investment good at each date to 1, that is, PI(t)= 1,
∀t.

The AK structure prevents transitional dynamics with the aim to focus the
discussion on the phenomenon of interest: the coexistence of structural change
and balanced growth on the aggregate level. Alternatively, one could assume
that the investment sector j = I produces according to a neoclassical produc-
tion technology with Harrod-neutral technical change, F[Kj(t)�exp(g̃t)Lj(t)],
and the consumption sectors j = G�S use—apart from a time-varying Hicks-
neutral term—the same technology. As illustrated in Appendix B.4 of the Sup-
plemental Material, such a model is consistent with a globally stable steady state
which features identical dynamics as the equilibrium with the AK specification.

Finally, it is worth noting that the entire model is specified in terms of final
output as opposed to value-added. This means that in order to derive theo-
retical implications for sectoral value-added shares, the exact production pro-
cesses with intermediate inputs have to be specified (see Herrendorf, Roger-
son, and Valentinyi (2013) for the empirical differences of these two perspec-
tives).16 Appendix B.5 of the Supplemental Material shows how the input-
output structure of the economy can be modeled and used to make predictions
on the sectoral value-added level.

15The specified production side is similar to Rebelo (1991). Endogenous growth is feasible
because K(t) is a “core” capital good, whose production does not involve any non-reproducible
factor. If gj �= 0, for some j =G�S, the economy has an exogenous driver of growth, too.

16For instance, if we would want to calibrate α to the sectoral labor’s income share, the entire
input-output structure of the economy needs to be taken into account. Valentinyi and Herren-
dorf (2008) did this for the U.S. for the year 1997 and estimated labor’s income shares for gross
manufacturing output, gross service output, overall consumption, and total gross output that are
all between 0.65 and 0.67. Appendix B.6 of the Supplemental Material illustrates the equilibrium
dynamics with sectoral factor intensity differences. In this case, the model is similar to the one
by Acemoglu and Guerrieri (2008) and the Kaldor facts hold only asymptotically. Still, structural
change is also determined by an income effect.
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3.3. Resource Constraints and Market Clearing

In equilibrium, capital and labor markets have to clear, that is,

L(t)=LG(t)+LS(t)� and K(t)= KG(t)+KS(t)+KI(t)� ∀t�(9)

Let us write the aggregate demands as Xj(t) ≡ N(t)
∫ 1

0 xi
j(t)di, j = G�S.

Then, market clearing in the goods, service, and investment good markets re-
quires

Yj(t)=Xj(t)� j =G�S� I�∀t�(10)

Since the price of the investment good is chosen as a numéraire, asset market
clearing implies

N(t)

∫ 1

0
ai(t)di = K(t)� ∀t�(11)

Finally, the market rate of return of capital has to equalize the rental rate net
of depreciation, that is, r(t) = R(t)− δ, ∀t.

3.4. Definition of an Equilibrium

In this economy, an equilibrium is defined as follows:

DEFINITION 1: A dynamic competitive equilibrium is a time path of house-
holds’ per-capita expenditure levels, wealth stocks, and consumption quanti-
ties {ei(t)� ai(t)�x

i
j(t)}∞

t=0, j = G�S, ∀i; an evolution of prices, wage, interest,
and rental rate, {Pj(t)�w(t)� r(t)�R(t)}∞

t=0, j = G�S; and a time path of fac-
tor allocations {LG(t)�LS(t)�KG(t)�KS(t)�KI(t)}∞

t=0, which is consistent with
household and firm optimization, perfect competition, resource constraints,
and market clearing conditions (9)–(11).

In the following, I characterize the equilibrium as the outcome of decentral-
ized markets. However, since all markets are complete and competitive, the
Welfare Theorems apply and the dynamic competitive equilibrium coincides
with the solution to a social planner’s problem.

3.5. Solving the Model

3.5.1. Firm Behavior

The equilibrium in production is characterized by the following lemma.

Dietz
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LEMMA 2: Firm optimization implies at each date t,

r(t) =A− δ�(12)

w(t)=A
α

1 − α

KG(t)+KS(t)

L(t)
�(13)

Pj(t)= exp[−gjt]
[

A

1 − α

][
KG(t)+KS(t)

L(t)

]α

� j = G�S�(14)

Yj(t)= exp[gjt]
[

L(t)

KG(t)+KS(t)

]α

Kj(t)� j =G�S�(15)

and

KG(t)

LG(t)
= KS(t)

LS(t)
= KG(t)+KS(t)

L(t)
�(16)

See Appendix B.1.2 of the Supplemental Material for the proof.
Because of the AK production function, the real, investment good denomi-

nated interest rate is constant. Moreover, since the output elasticity of labor is
the same in the two consumption sectors, capital intensities equalize (see (16)).
This also implies that changes in the relative price between goods and services
are fully determined by the relative TFP growth rates gj , j = G�S.

3.5.2. Household Behavior

Applying Roy’s identity to the indirect utility function (2) gives the Marshal-
lian demand functions. The resulting expenditure system is summarized in the
next lemma.

LEMMA 3: (i) At each point in time, intratemporal preferences imply the fol-
lowing expenditure system:

xi
G(t)= ν

ei(t)

PG(t)

[
PS(t)

ei(t)

]ε[
PG(t)

PS(t)

]γ

�(17)

and

xi
S(t)= ei(t)

PS(t)

[
1 − ν

[
PS(t)

ei(t)

]ε[
PG(t)

PS(t)

]γ]
�(18)

where xi
j(t), j = G�S, is household i’s per-capita consumption of goods/services

at date t.
(ii) With ε > 0, the expenditure elasticity of demand is positive, but strictly

smaller than unity for goods and larger than unity for services. With ε = 0, we
have homothetic preferences (expenditure elasticities of both sectors are equal to
unity).
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(iii) The elasticity of substitution between goods and services,

σi(t)= 1 − γ −
ν

[
PG(t)

PS(t)

]γ

[
ei(t)

PS(t)

]ε

− ν

[
PG(t)

PS(t)

]γ [γ − ε]�(19)

is less than or equal to unity (for all households at each date).

See Appendix B.1.3 of the Supplemental Material for the proof.
In general, the Marshallian demands xi

G(t) and xi
S(t) are not linearly homo-

geneous in the per-capita expenditure level. The expenditure shares devoted
to the two consumption sectors, ηi

j(t); j = G�S, are17

ηi
G(t)= ν

[
PS(t)

ei(t)

]ε[
PG(t)

PS(t)

]γ

and(20)

ηi
S(t)= 1 − ν

[
PS(t)

ei(t)

]ε[
PG(t)

PS(t)

]γ

�

For ε > 0, Figures 5 and 6 plot the sectoral Engel curves and expenditure
shares as functions of the per-capita expenditure level. As the nonlinear Engel
curves reveal, preferences are in general non-homothetic and do not even fall
into the Gorman class. The expenditure elasticity of demand for goods is 1−ε.

FIGURE 5.—Engel curves. ε > 0 is assumed. As indicated by the dashed sections, preferences
are only well defined if condition (3) holds (i.e., ei(t) exceeds a certain threshold).

17Note that (2) (and the resulting demand system) is asymmetric. This is because the theory
aims to replicate an equilibrium path along which the share of goods decreases at a constant rate
(see Empirical Regularity 1). The symmetric counterpart of (2) is discussed in Appendix B.3.1 of
the Supplemental Material.
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FIGURE 6.—Expenditure shares. ε > 0 is assumed. As indicated by the dashed sections, pref-
erences are only well defined if condition (3) holds (i.e., ei(t) exceeds a certain threshold).

As long as ε > 0, goods are necessities whereas service is a luxury with an ex-
penditure elasticity of demand that exceeds unity. Consequently, in the cross-
section, richer households spend a smaller fraction of their budget on goods.
This is consistent with the Empirical Regularity 3. In the time series, the im-
plication is that—even if relative prices do not change—growing expenditure
levels lead to a declining expenditure share devoted to goods. In contrast, if
ε = 0, preferences are homothetic and expenditure shares are independent of
the expenditure level.

Sign and magnitude of relative price changes on the expenditure shares are
controlled by the elasticity of substitution across sectors. In general, the elas-
ticity of substitution is nonconstant, but the assumption 0 ≤ ε ≤ γ < 1 ensures
that it is less than unity (see part (iii) of Lemma 3).18 In the literature, there
seems to be a consensus that this is the empirically relevant case.19 This notion
is also confirmed in Section 4. An elasticity of substitution below unity implies
that the sector that experiences a relative price increase, grows in terms of
expenditure shares (and Baumol’s cost disease applies). If the elasticity of sub-
stitution were larger than 1, the structural change would run in the opposite
direction.

18With ε > γ or ε < 0, the specified utility function could also generate cases where the expen-
diture elasticity of demand for goods or the elasticity of substitution exceeds unity.

19Acemoglu and Guerrieri (2008), Ngai and Pissarides (2008), and Buera and Kaboski (2009)
calibrated the elasticity of substitution to 0.76, 0.1, and an asymptotic value of 0.5, respectively.
Herrendorf, Rogerson, and Valentinyi (2013) estimated an asymptotic elasticity of substitution of
0�85 for final consumption expenditure (which is the perspective taken in this paper) and 0�002
if consumption value-added is considered. The elasticity of substitution is related to the price
elasticity of demand of the service sector for which estimates are below unity (see Ngai and Pis-
sarides (2008) for a discussion). Finally, the elasticity of substitution between goods and services
has been estimated in international macroeconomics (see, e.g., Stockman and Tesar (1995), who
obtained a value of 0�44).
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Next, we turn to the household’s intertemporal optimization problem, whose
solution is characterized in the following lemma.

LEMMA 4: Intertemporal optimization yields the Euler equation

(1 − ε)gei(t)+ εgPS(t)= r(t)− ρ�(21)

where gei(t) is the growth rate of per-capita consumption expenditures of house-
hold i and gPS(t) is the growth rate of the price of services at date t.

PROOF: Since instantaneous utility, V (·), is increasing and strictly concave
in ei(t), we can use the current value Hamiltonian to solve the intertemporal
maximization problem. The Hamiltonian is given by

H = V (·)+ λi(t)
[
ai(t)

[
r(t)− n

] +w(t)li − ei(t)
]
�

Then, the first-order conditions are λ̇i(t)= λi(t)[ρ−r(t)] and ei(t)
ε−1PS(t)

−ε =
λi(t), which can be rewritten as (21). Q.E.D.

The Euler equation takes the same functional form as in the standard neo-
classical growth model with CRRA preferences. Additionally, since gei(t) is the
only term that involves a household index i, the Euler equation implies that the
growth rate of per-capita expenditure levels is the same for all households at a
given point in time, or formally,

gei(t)= ge(t)� ∀i�(22)

3.5.3. Aggregation

Since preferences do not fall into the Gorman class, aggregation is nontrivial.
Nonetheless, the next proposition shows that the demand side of the economy
can be summarized in a tractable way.

PROPOSITION 1: Under household optimization,
(i) the aggregate expenditure share of goods, ηG(t)≡ PG(t)XG(t)

E(t)
, is

ηG(t)= ν

[
PS(t)N(t)

E(t)

]ε[
PG(t)

PS(t)

]γ

φ�(23)

where φ ≡ ∫ 1
0 [ ei(0)N(0)

E(0) ]1−ε di is a scale invariant (inverse) measurement of in-
equality of per-capita consumption expenditures across households and E(t) ≡
N(t)

∫ 1
0 ei(t)di is aggregate expenditure. Furthermore, we have

E(t)= PG(t)XG(t)+ PS(t)XS(t);(24)
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(ii) a household with ei(t) = E(t)

N(t)
φ−1/ε ≡ eRA(t) is the representative agent in

Muellbauer’s sense;20

(iii) the intertemporal behavior of the demand side is fully characterized by the
following Euler equation, budget constraints and transversality conditions:

(1 − ε)
[
gE(t)− n

] + εgPS(t)= r(t)− ρ� ∀t�(25)

where gE(t) is the growth rate of E(t),

ȧi(t)= [
r(t)− n

]
ai(t)+w(t)li − ei(0)exp

[∫ t

0
gE(ς)− ndς

]
� ∀i� t�(26)

and

lim
t→∞

ai(t)exp
[
−

∫ t

0
r(ς)− ndς

]
= 0� ∀i�(27)

where ai(0), ∀i, is exogenously given.

PROOF: Aggregation of individual demands gives

XG(t)= νPG(t)
−1PS(t)

ε

[
PG(t)

PS(t)

]γ[
E(t)

N(t)

]−ε

E(t)φ(t)�

XS(t)= E(t)

PS(t)
− νPS(t)

ε−1

[
PG(t)

PS(t)

]γ[
E(t)

N(t)

]−ε

E(t)φ(t)�

where φ(t) = ∫ 1
0 [ ei(t)N(t)

E(t)
]1−ε di. These two equations imply (23) and (24),

where φ(t) is constant over time because of (22) and because it is scale in-
variant in all ei(t). Equations (20) and (23) show that a household exhibits
the same expenditure shares as the aggregate economy if ei(t)= E(t)

N(t)
φ−1/ε. For

part (iii): (22) implies gei(t)= gE(t)−n, ∀i, allowing us to rewrite (21) as (25).
Substituting ei(t) in (4) by ei(0)exp[∫ t

0 gE(ς)− ndς] yields (26). Using (21) in
(5) and ignoring the positive constant ei(0) gives (27). Q.E.D.

For a given path of prices, {r(t)�w(t)�PG(t)�PS(t)}∞
t=0, this proposition fully

characterizes the demand side of the economy. Since preferences are part of
the PIGL class, a representative agent in Muellbauer’s sense exists (see Muell-
bauer (1975, 1976)). A household with the (price independent) representative
expenditure level, eRA(t), exhibits the same expenditure shares as the aggre-
gate economy. In order to compute the aggregate demand structure ηG(t),

20For ε= 0, we have—according to Muellbauer’s definition—the limit case with eRA(t) = E(t)
N(t)

.

Dietz
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it is sufficient to know the average per-capita expenditure level and one ad-
ditional scale invariant inequality measure of per-capita expenditure levels
φ(t)= ∫ 1

0 [ ei(t)N(t)

E(t)
]1−ε di.21

In addition, intertemporal optimization implies the same per-capita expen-
diture growth rate for all households at any given point in time (see (22)).
Consequently, all individual expenditure dynamics can be described as a func-
tion of average expenditure growth and φ, which is constant over time. This
property renders the model tractable, and allows to solve it analytically, de-
spite household heterogeneity, non-Gorman intratemporal preferences, and
intertemporal optimization.22

3.5.4. Equilibrium Path

The dynamic competitive equilibrium is fully characterized by the equations
(6), (8)–(15), and (23)–(27). The endogenous variables are: Xj(t) and Yj(t),
j =G�S� I; ai(t) and ei(0), ∀i; E(t), Pj(t), j = G�S; w(t), r(t), Lj(t), j = G�S;
K(t) and Kj(t), j = G�S� I. ai(0), ∀i, is exogenously given. Solving for the
dynamic competitive equilibrium, we obtain the following proposition.

PROPOSITION 2: Suppose that the exogenous parameters satisfy the following
constraints:

A− δ− ρ+ εgS > 0�(28)

ρ > (1 − α)ε[A− δ− n] + n+ εgS�(29)

αεl̄ε ≥ 1 − ε

1 − γ
ν

[
L(0)
K(0)

A(1 − (1 − α)ε)

ρ− n− εgS − ε(1 − α)(A− δ− n)

]ε(1−α)

�(30)

and

γ[gS − gG] − ε

[
gS + (1 − α)[A− δ− ρ]

1 − (1 − α)ε

]
≤ 0�(31)

Then, there exists a unique dynamic competitive equilibrium path along which

21With ε > 0, a high dispersion of per-capita expenditure levels is associated with a low value
of φ. φ is a (negative) monotonic transformation of an Atkinson index (Atkinson (1970)) with
relative inequality aversion ε (see Appendix B.7 of the Supplemental Material for an illustration).
In the homothetic case, we have a representative agent economy in the narrower sense, where
inequality does not matter (i.e., φ = 1).

22In contrast to models with 0/1 preferences (see, e.g., Foellmi and Zweimueller (2006) and
Foellmi, Wuergler, and Zweimüller (2009)) this model focuses on the intensive margin of con-
sumption. Moreover, the model at hand allows us to study any—possibly continuous—income
distribution with a lower bound such that condition (3) is fulfilled.
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(i) per-capita consumption expenditures, wages, aggregate capital, and capital
allocated to the consumption sectors grow at constant rates

g∗
E − n = g∗

w = A− δ− ρ+ εgS

1 − (1 − α)ε
> 0�(32)

g∗
K = g∗

KG+KS
= g∗

E�(33)

The saving rate is constant and the real, investment good denominated interest rate
is given by A− δ. The prices of goods and services change at constant rates

g∗
Pj

= −gj + α
[
g∗
E − n

]
� j =G�S;(34)

(ii) the expenditure share devoted to goods changes at constant rate

g∗
ηG

= −γ[gG − gS] − ε
[
gS + (1 − α)

[
g∗
E − n

]] ≤ 0�(35)

Capital and labor allocated to the goods sector grow at constant rates

g∗
KG

= g∗
K + g∗

ηG
≤ g∗

K ≤ g∗
KS
(t)� and(36)

g∗
LG

= n+ g∗
ηG

≤ n≤ g∗
LS
(t)� ∀t�

The relative price between consumption goods and services changes at a constant
rate

g∗
PG

− g∗
PS

= gS − gG�(37)

See Appendix A for the proof.
Proposition 2 demonstrates that the model reconciles structural change and

changing relative prices at a sectoral level with balanced growth on the aggre-
gate. Part (i) illustrates that the model features on the aggregate the standard
properties of neoclassical growth theory (i.e., the Kaldor facts hold). The per-
capita output growth rate, the capital-output ratio, the saving rate, and the la-
bor income share are constant over time. Moreover, the real, investment good
denominated interest rate is equal to A − δ. Since relative prices change at
constant rates (see (34)), any price index with constant sectoral weights grows
at a constant rate, too. Hence, deflated by any constant-weights-price-index,
the real per-capita expenditure growth rate and real interest rate would be
constant. However, in an economy with structural change, the sectoral weights
of the true cost of living price index adjust over time. This implies that, de-
flated by the true cost of living price index, the growth rate is not constant.
Consequently, a Baumol’s cost disease can arise, where the low productivity
growth sector constitutes an increasing fraction of total expenditures. How-
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ever, changes in the growth rate of the price index due to weight adjustments
are typically relatively small (see Ngai and Pissarides (2004)).23

The model exhibits no transitional dynamic and can be solved analytically.
As in Rebelo (1991), the equilibrium growth rate is increasing in the marginal
product of capital, A, and decreasing in the rate of time preference, ρ, and the
depreciation rate, δ. A specific model characteristic is that the intertemporal
substitution elasticity of expenditure, 1

1−ε
, is tied together with the expenditure

elasticity of demand for goods, ε.24

Part (ii) of Proposition 2 emphasizes the equilibrium’s non-balanced features
on the sectoral level. Although the Kaldor facts hold, expenditure shares as
well as relative prices change over time. The functional forms of these changes
are notable, too. Consistent with Empirical Regularity 1 and 2, the model pre-
dicts that both the expenditure share of goods and the price of goods relative to
services decrease at constant rates. The change in the aggregate demand struc-
ture translates to the production side (see (36)). Capital allocated to the goods
sector grows at a lower rate than the aggregate capital stock, which itself grows
at a lower rate than capital allocated to the service sector. The same applies
to the allocation of labor. If n is small relative to g∗

ηG
, the absolute quantity of

labor allocated to the goods sector can even decrease.
The required parametric restrictions (28)–(31) are innocuous. In particular,

reconciliation of the non-balanced features of growth with the Kaldor facts
does not depend on any knife-edge condition. Positive capital accumulation
and growth in per-capita terms is ensured by (28). Condition (29) is necessary
and sufficient for the transversality condition to hold. Furthermore, it is also
sufficient to ensure finite utility. Condition (30) makes sure that condition (3)
is met for all households at t = 0. Moreover, together with condition (31), it
ensures condition (3) along the entire equilibrium path.

The expenditure structure changes along the equilibrium path because per-
capita expenditure levels grow and because the relative price between goods
and services changes. Given preferences, any change in the consumption bun-
dle can be decomposed in a substitution effect (along Hicksian demands) and
an income effect (residual effect). This decomposition implies that the expen-
diture share for goods of household i changes along the equilibrium path at

23The growth rate of the partial true cost of living price index of household i is defined as
gTCL
P (t) = gPS (t) + ηi

G(t)[gPG(t) − gPS (t)] (see Pollak (1975)). In the data, the relative price
growth rate is −1�6 percent, and in 2011 the aggregate expenditure share of goods was 0.34,
whereas its asymptotic value is zero. Hence, measured by the true cost of living price index of
the representative household, the model predicts the real interest rate in 2011 to be 0.005 higher
than its asymptotic value.

24With ε = 0, this interdependence reflects the result obtained by Ngai and Pissarides (2007):
If preferences are homothetic, reconciliation of structural change with the Kaldor facts requires
that the intertemporal substitution elasticity of expenditures is equal to unity.
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rate −[gG − gS](γ − εηi
G(t)) due to the substitution effect.25 The remaining

decline at rate −ε[gS + (1 − α)[g∗
E − n]] − ε[gG − gS]ηi

G(t) ≤ 0 is associated
with the income effect. Since service is a luxury, the income effect decreases
the goods share.26 Depending on the direction of the relative price change, the
substitution effect can go in either direction. If the TFP growth rate is larger
in the service sector (i.e., gS > gG), the two effects go in opposite directions.
But, as will be shown in Section 4, in the empirically relevant case, the income
and substitution effect run in the same direction and Baumol’s cost disease is
reinforced by the income effect.

The decomposition of the decline in the goods share in a substitution and in-
come effect is individual specific. For richer households (with a lower ηi

G(t)),
the substitution effect is relatively more important. Consequently, as all ηi

G(t)
decline, the relative importance of the income effect as a determinant of the
aggregate structural change decreases over time.27 However, the sum of sub-
stitution and income effect is not individual specific. According to the model,
for all individuals, the expenditure share of goods decreases at the identical
constant rate g∗

ηG
. This is consistent with the linear and parallel decline of the

logarithmized expenditure shares of different income quintiles (see Figure 4).
The model further makes a testable auxiliary prediction on the cross-

sectional relation of expenditure shares and total expenditure levels. Logarith-
mizing both sides of (20) gives

logηi
G(t)= b(t)− ε logei(t)�(38)

where b(t) ≡ log[νPS(t)
ε−γPG(t)

γ]. Hence, allowing for a time dependent in-
tercept b(t), the model predicts an iso-elastic relation between the expenditure
share of goods and the per-capita expenditure level of different households.
Figure 7 depicts the conditional scatter plot between the logarithm of these
two variables for the income quintiles of different years. It is striking how well
a linear approximation fits the data.

Next, I characterize the equilibrium toward which the economy converges as
time goes to infinity. To do so, we define the following.

DEFINITION 2: The asymptotic equilibrium is the dynamic competitive equi-
librium path toward which the economy converges as time goes to infinity.

25Using Hicksian demand, ηi
G(t) can be written as ηi

G(t)= ν[ε[Vi(t)+ ν
γ
[ PG(t)

PS(t)
]γ + 1

ε
− ν

γ
]]−1 ×

[ PG(t)

PS(t)
]γ . For the elasticity of ηi

G(t) with respect to PG(t)

PS(t)
, this implies γ − εηi

G(t). The change of
the relative price along the equilibrium path is given by (37). If the relative price does not change
(i.e., if gS = gG), there is no substitution effect.

26With homothetic preferences (i.e., ε= 0), there is no income effect.
27Since preferences allow for a representative agent in Muellbauer’s sense, the substitution

effect of the aggregate economy is the same as the substitution effect for the representative agent.
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FIGURE 7.—Scatter plot of cross-sectional variation. For the years 1986–2011, the figure de-
picts the conditional scatter plot between the logarithmized expenditure level per equivalent scale
and the logarithmized expenditure share of goods of each income quintile, where we allowed in
each year for a separate (distinct) intercept. The slope of the fitted line is −0�2222. This slope is
the same as if we regressed the logarithmized expenditure share on the logarithmized expendi-
ture level per equivalent scale and time dummies. The R2 of this underlying regression is 0�9776
and the standard error of the slope coefficient is 0�0042. Source: CEX interview data obtained
from the BLS for the year 2011 and from the ICPSR for the years 1986–2010.

We have the following proposition (asymptotic equilibrium values are denoted
by a superscript A).

PROPOSITION 3: Suppose condition (31) holds with strict inequality (i.e., there
is structural change). Then, in the asymptotic equilibrium,

(i) the expenditure share devoted to goods is equal to zero, that is, ηA
G = 0,

(ii) the expenditure elasticity of demand is 1−ε for goods and unity for services,
(iii) the elasticity of substitution between goods and services, σA

i , is equal to
1 − γ for all households i.

PROOF: Since (31) holds with strict inequality, ηG converges to 0 (see (35))
and the elasticities of Lemma 3 converge to the corresponding values. Q.E.D.

Part (i) of Proposition 3 shows that the service sector is the asymptotically
dominant consumption sector. The existence of an asymptotically dominant
sector is a common feature of the models by Ngai and Pissarides (2007),
Acemoglu and Guerrieri (2008), and Foellmi and Zweimueller (2008). The
asymptotic dominance of the service sector is not a result of a trivial disap-
pearance of the good sector. In absolute terms, the asymptotically consumed
quantity of goods goes to infinity—even in per-capita terms.

Part (ii) and (iii) of Proposition 3 illustrate that the model is relatively par-
simonious. The expenditure elasticity of demand and the elasticity of substi-
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tution across sectors control the sign and magnitude of relative price and in-
come effects on the demand structure. The model has two parameters, ε and
γ, which control separately the asymptotic values of these two elasticities. In
general, both income and substitution effects are even asymptotically present
(note that all the properties stated in Proposition 2 hold asymptotically, too).
The possibility to calibrate freely a sector’s asymptotic expenditure elasticity of
demand is a contrast to other non-homothetic preferences used in the litera-
ture. In Foellmi and Zweimueller (2008), the asymptotic expenditure elasticity
of demand of the dominated sector(s) is zero, whereas it is unity for all sectors
in Kongsamut, Rebelo, and Xie (2001).28

So far, it has been shown that the model is consistent with a unique dynamic
competitive equilibrium path, along which the Kaldor facts hold and changes in
expenditure shares and relative prices occur. The model has been constructed
to match a decline of the expenditure share of goods and the relative price of
goods at a constant rate. Furthermore, the theory is consistent with the func-
tional form of non-homotheticity observed in micro data. An additional test of
the model is to examine its quantitative prediction. According to the theory,
the following relationship holds (see (23)):

g∗
ηG

= −ε
(
g∗
E − g∗

PS
− n

) + γ
(
g∗
PG

− g∗
PS

)
�(39)

where we made use of the constancy of the involved growth rates along the
equilibrium path. The data suggest g∗

ηG
= −0�010, g∗

E − g∗
PS

− n = 0�016, and
g∗
PG

− g∗
PS

= −0�016.29 Plugging these values into (39), we conclude that the
model is quantitatively consistent with the observed structural change, growth,
and relative price dynamics as long as the (ε�γ)-combination fulfills

ε+ γ = 0�625�(40)

For such a calibration, the model’s equilibrium path also generates a hump-
shaped evolution of the relative quantity of services.30

28A Stone–Geary specification’s inexistence of asymptotic income effects leads to a subopti-
mal fit of the data. Buera and Kaboski (2009) showed in their calibration: “The model fails to
match the sharper increase in services and decline in manufacturing after 1960. [. . . ] Explaining
this would require a large, delayed income effect toward services. This is not possible with the
Stone–Geary preferences, where the endowments and subsistence requirements are most impor-
tant at low levels of income.” (Buera and Kaboski (2009, pp. 473–474).) Moreover, with quasi-
homothetic preferences, income effects are one-to-one connected to the subsistence level(s), of-
ten leading to binding subsistence levels in empirical estimations. Contrary to this, in the pre-
sented theory, ε controls the magnitude of the income effect for any given expenditure and price
path (as well as for any given initial expenditure shares).

29See Figures 1 and 2 as well as Figure B.5 in Appendix B.9 of the Supplemental Material,
which illustrate that the model approximates the three series well.

30We have XS(t)

XG(t)
= PG(t)

PS(t)

1−ηG(t)

ηG(t)
, or in terms of growth rate along the equilibrium path, gXS

(t)−
gXG

(t)= g∗
PG

− g∗
PS

− 1
1−ηG(t)

g∗
ηG

. With the observed growth rates of the relative price and expen-
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The relative size of the two parameters ε and γ control the elasticity of sub-
stitution and the expenditure elasticity of demand. Consequently, restriction
(40) is uninformative about the magnitude of the income and substitution ef-
fect on the structural change. It is the aim of the next subsection to quantify
these two forces.

4. QUANTIFICATION OF INCOME AND SUBSTITUTION EFFECTS

The theory’s prediction for a household’s expenditure structure is given by
(38). This suggests that ε can be identified as the slope coefficient in a regres-
sion of a household’s logarithmized expenditure share of goods on the loga-
rithmized expenditure level, while controlling for time fixed effects. In this re-
gression, infrequently bought items, like durable goods or clothing, lead to en-
dogeneity of the expenditure level. Following the literature (see, e.g., Blundell,
Pashardes, and Weber (1993)), I hence instrument expenditure levels by house-
hold income.31 Column (1) in Table I reports the results of such a time fixed
effects instrumental-variable (IV) regression using quarterly CEX data. The
estimated ε is 0�18 and homotheticity of preferences (i.e., ε = 0) is clearly re-
jected. In column (2), I additionally control for a large set of household char-
acteristics (sex, race, skill level, place of residence, and household size and
age composition). The estimate for ε slightly increases to 0�22.32 Column (3)
presents results when using Panel Study of Income Dynamics (PSID) data.
I find an estimate in a very similar ballpark as before. The results are hence
robust to using a different data source.33

In column (4), I exclude durable goods. This leads to a larger estimated de-
gree of non-homotheticity of 0�29.34 Column (5) reports the results of a cor-
responding ordinary least-squares (OLS) regression. Compared to the OLS
estimate, the IV estimate is significantly smaller. This suggests that there still
exists an endogeneity bias due to infrequently bought items.

Overall, we conclude that the cross-sectional data allow to estimate ε pre-
cisely and suggest a value of about 0.22. This value implies an expenditure

diture share, this implies that XS(t)

XG(t)
reaches its maximum at ηG(t) = 0�375. The dashed line in

Figure 3 shows the relative quantity implied by g∗
ηG

= −0�010 and g∗
PG

− g∗
PS

= −0�016.
31An alternative approach to solve the simultaneity problem is to group households according

to their income level. As can be inferred from Figure 7, or Figure B.4 in Appendix B.9 of the
Supplemental Material for the UK, this leads to very similar estimates for ε.

32Figure B.6 in Appendix B.9 of the Supplemental Material shows the estimates for ε if we
run the regression of column (2) for each year separately. ε̂ is stable over time and most of the
estimates lie between 0�20 and 0�25.

33Moreover, Table B.II in Appendix B.9 of the Supplemental Material shows that similar coef-
ficients are obtained if we use CEX diary data.

34This is consistent with the fact that without durable good, the pace of structural change is
faster although relative prices change at a slower rate (see Figures B.8 and B.9 in Appendix B.9
of the Supplemental Material).
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TABLE I

CROSS-SECTIONAL ESTIMATION OF εa

Baseline Excluding Durables

(1) (2) (3) (4) (5)

− logei(t) 0�181∗∗∗ 0�224∗∗∗ 0�168∗∗∗ 0�293∗∗∗ 0�181∗∗∗

(0.002) (0.003) (0.024) (0.003) (0.001)
Children share 0�124∗∗∗ 0.049 0�203∗∗∗ 0�211∗∗∗

(0.004) (0.051) (0.004) (0.004)
Elderly share −0�052∗∗∗ 0.014 −0�060∗∗∗ −0�025∗∗∗

(0.003) (0.145) (0.003) (0.003)
Residence indicators No Yes Yes Yes Yes
Family size indicators No Yes Yes Yes Yes
Ref. person controls No Yes Yes Yes Yes

Data CEX CEX PSID CEX CEX
Sample years 86–11 86–11 2009 86–11 86–11
Method IV IV IV IV OLS

Observations 477,730 425,402 4,770 425,402 425,402
R2 0.013 0.041 0.152 0.143 0.156

aDependent variable: logηi
G(t). Standard errors in parentheses. ∗∗∗ significant at 1 percent, ∗∗ significant at 5

percent, ∗ significant at 10 percent. All regressions with the CEX data include quarter fixed effects (104 groups). The
logarithmized expenditure level per equivalent scale is instrumented by the logarithmized after tax labor earnings plus
transfers per equivalent scale in the CEX data and by the logarithmized “Total Labor Income” plus “Total Transfer
Income” plus “Social Security Income” per OECD equivalent scale in the PSID data. “Children share” and “Elderly
share” measure the share of household members with age < 18 and ≥ 65, respectively. “Residence indicators” consists
of regional indicators (four groups in the CEX data and five groups in the PSID data), a rural/urban dummy in the
case of the CEX data, as well as indicators of different population sizes of the city of residence (five groups in the
CEX data and six groups in the PSID data). “Family size indicators” consists of 11 groups. “Ref. person controls”
consists of the age, the sex, skill level indicators (seven groups) and race indicators (four groups in the CEX data
and seven groups in the PSID data) of the reference person. For a detailed data description, see Appendix B.8 of the
Supplemental Material. Using total income (instead of labor income) as an instrument leads to very similar results
(see Table B.I in Appendix B.9 of the Supplemental Material).

elasticity of demand for goods of 0�78. An alternative way to interpret the pa-
rameter value is to look at the elasticity of substitution implied by condition
(40). With ε = 0�220, a replication of the aggregate structural change requires
γ = 0�405. This means that the elasticity of substitution converges (from be-
low) to an asymptotic value of 1 − γ = 0�596 (see Proposition 3). This value of
the elasticity of substitution is in the range of other estimates and calibrations
(see footnote 19).

These baseline estimates for ε and γ highlight that both channels of struc-
tural change are of empirical importance. The model could generate the ob-
served structural change with an income effect alone (and an asymptotic elas-
ticity of substitution equal to unity). However, this would require an ε of
0�625 (see (40)), implying an expenditure elasticity of demand for goods of
1−ε= 0�375. Such a strong income effect is clearly at odds with cross-sectional
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data.35 Conversely, the homothetic case with ε = 0 is also clearly rejected by the
data.

For given preference parameters, we can decompose the aggregate struc-
tural change into a substitution and an income effect. With ε = 0�220 and
γ = 0�405, the model suggests that in the year 1946, 44 percent of the observed
structural change is attributable to a substitution effect, whereas the remain-
ing 56 percent is attributable to the income effect.36 In 2011, the corresponding
numbers are 53 percent and 47 percent, respectively. Furthermore, the model
predicts that the relative contribution of the substitution effect will asymptoti-
cally converge to 65 percent.

The time fixed effects regressions of Table I exploit solely cross-sectional
variation in nominal expenditure levels and shares.37 Hence, the estimates for
ε do not rely on sector specific price data. Even if the price index of goods
or services is mismeasured, the estimated degree of non-homotheticity is un-
affected and a statement about the importance of income effects can still be
made. The estimated (residual) γ, however, would be affected by price mis-
measurements (and consequently also the estimated asymptotic elasticity of
substitution).

As an alternative, using price data, ε and γ can jointly be estimated from the
micro panel data. The functional form (20) implies

logηi
G(t)= logν + γ log

[
PG(t)

PS(t)

]
− ε log

[
ei(t)

PS(t)

]
�(41)

and suggests regressing the logarithmized expenditure share on a constant, the
logarithmized relative price and the (instrumented) logarithmized expenditure
level in terms of services. Comparing these estimates to the ones of the baseline
approach tests the consistency of framework and data in two ways: First, it
checks whether the variation, which is in the baseline specification absorbed by
the time fixed effects, is consistent with the (measured) price data. And second,
it tests whether the micro panel estimate for γ is broadly consistent with the
structural change in the aggregate data.

Using the price data, an IV regression as suggested by (41) yields ε̂ = 0�182
and γ̂ = 0�410 with standard errors of 0�002 and 0�004. Compared to the time
fixed effects regression in column (1) of Table I, the estimated degree of non-
homotheticity is basically unchanged. Finally, the estimated ε and γ closely

35See Figure B.7 in Appendix B.9 of the Supplemental Material for a graphical illustration of
this fact.

36In 1946, the goods sector accounted for 60 percent of total personal consumption expendi-
tures. Then, the change in expenditure share attributed to the substitution effect is equal to an
annualized rate of (−0�405 + 0�220 · 0�6) · 1�6 = −0�435 (see footnote 27).

37This is a contrast to the recent empirical work by Buera and Kaboski (2009) and Herrendorf,
Rogerson, and Valentinyi (2013), who also estimated the relative contribution of income and
substitution effects on structural change in aggregate U.S. data.
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match restriction (40). This exercise suggests micro estimates which are sur-
prisingly consistent with the observed structural change in the aggregate (post-
war) data.38

5. CONCLUSION

This paper presents a parsimonious growth theory that is consistent with
structural change, relative price dynamics, and the Kaldor facts. The model
allows us to analyze both explanations of structural change—income and sub-
stitution effects—simultaneously. To the best of my knowledge, no such theory
was previously available.

The virtues of the theory are twofold. First, the model’s functional form fits
the data very well and the framework can replicate the observed structural
change quantitatively. Moreover, not only the model’s aggregate predictions
but also the implied cross-sectional variation in the expenditure structure are
confirmed by the data. The paper also shows how this cross-sectional variation
can be exploited to estimate the model’s key parameters and quantify the two
driving forces of structural change. They are of roughly equal importance.

The second virtue is given by the exact replication of the Kaldor facts, which
is clearly desirable from an empirical point of view. In the data, we see a fast
and persistent structural change. Reconciling this with a relatively stable in-
terest, saving, and aggregate growth rate is challenging. Although some cali-
brations of models of structural change are approximately consistent with the
Kaldor facts, others are clearly not. This paper suggests that this shortcoming
is mainly a consequence of the functional form of the specified intratemporal
utility function.

The exact replication of the Kaldor facts is appealing from a theoretical per-
spective, too. Structural change is interrelated to many important aspects in
macroeconomics like demographics, labor supply, income inequality and con-
vergence, international trade, environmental economics, or biased technical
change. These phenomena are often outlined in standard one-sector neoclas-
sical growth models (with balanced growth). To analyze them in a multi-sector
model, a theory of structural change which is at the same time analytically
tractable and empirically exact is a prerequisite.39 I hope the presented frame-
work proves to be useful in order to study these important questions.

38The BEA provides aggregate data back to 1929. Figures B.15 and B.16 in Appendix B.9 of
the Supplemental Material show the expenditure structure predicted by the aggregate price and
expenditure data as well as the micro panel estimates ε̂ = 0�182 and γ̂ = 0�410. In contrast to
a generalized Stone–Geary specification, the model does account for the late rise of the service
economy emphasized by Buera and Kaboski (2012a, 2012b).

39For example, it would be interesting to augment the utility function of this paper to allow
for home production (as considered by Ngai and Pissarides (2008), Rogerson (2008), Buera and
Kaboski (2012a, 2012b) or Ngai and Petrongolo (2013)).
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APPENDIX A: PROOF OF PROPOSITION 2

PROOF: First, I show that there exists a unique equilibrium in which ge(t)
grows at a constant rate. Equations (24), (10), (14), and (15) imply E(t) =
A

1−α
[KG(t)+KS(t)]. Hence, we have gE(t) = ge(t)+ n = gKG+KS

(t). Using this
in (14) yields (34). Plugging (12) and (34) into (25), we get [1−(1−α)ε]ge(t)=
A−δ−ρ+εgS . This proves that we have ge(t)= g∗

e , ∀t in equilibrium. Next, we
show that—given ge(t) = g∗

e—the transversality condition holds if and only if
per-capita wealth grows at rate g∗

e , too. With (12), the transversality condition,
(27), can be rewritten as

lim
t→∞

ai(t)exp
[−(A− n− δ)t

] = 0� ∀i�(A.1)

Equation (13), g∗
E = g∗

KG+KS
, and gE(t) = g∗

e + n yield gw = g∗
e . Then, with

(12), the flow budget constraint, (26), simplifies to ȧi(t) = [A − δ − n]ai(t) −
[ei(0)−w(0)li]exp[g∗

et]. This linear differential equation has the following so-
lution (see, e.g., Acemoglu (2009, Section B.4)):

ai(t)=Ai exp
[
(A− δ− n)t

] + ei(0)−w(0)li
A− δ− n− g∗

e

exp
[
g∗
et

]
�(A.2)

where Ai is a constant which is to be determined. Using this expression in
(A.1), we get

lim
t→∞

Ai + ei(0)−w(0)li
A− δ− n− g∗

e

exp
[−(

A− δ− n− g∗
e

)
t
] = 0�

Then, the transversality condition is fulfilled if and only if Ai = 0 (note that
(29) ensures that A − δ − n − g∗

e > 0). Ai = 0 implies that ai(t) grows at con-
stant rate g∗

e . Since this is the case for all households i ∈ [0�1], this proves
uniqueness of the equilibrium path with g∗

E = g∗
K .

Next, we show that (30) and (31) jointly ensure condition (3) for all indi-
viduals at each date. The poorest household has no wealth and a labor en-
dowment of l̄. Consequently, she consumes her entire income (see (A.2)), that
is, ei(t) = w(t)l̄, ∀t. Then, in the view of (14), at t = 0, condition (3) can be
rewritten as

w(0)εl̄ε ≥ ν

[
1 − ε

1 − γ

][
A

1 − α

]ε[
KG(0)+KS(0)

L(0)

]αε

�(A.3)

Note that (6), (8), (9), and (10) yield KG(t)+KS(t)

K(t)
= A−δ−g∗

K

A
and we have

KG(0)+KS(0)
L(0) = w(0)

A
1−α
α

(see (13)). Then, (A.3) can be written as

αεl̄ε ≥ ν

[
1 − ε

1 − γ

][
L(0)
K(0)

A

A− δ− g∗
K

]ε(1−α)

�
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Plugging in the expression for g∗
K , we see that this condition coincides with

(30). The nominal expenditure levels and all prices grow at constant rates in
equilibrium. Hence, given condition (3) holds at date t = 0, it also holds for
t > 0 if ε(g∗

E −n)≥ γg∗
PG

+ (ε−γ)g∗
PS

. This is guaranteed by condition (31) and
completes the proof of part (i). For part (ii): (35) is the growth rate version of
(23), where we used the equilibrium growth rates of prices and expenditures.
Additionally, we have gηG

(t) = gPG(t) + gXG
(t) − g∗

E ≤ 0. With (34), gXG
(t) =

gG+αgLG
(t)+(1−α)gKG

(t), and gKG
(t)−gLG

= g∗
K −n (see (16)), this implies

(36). Finally, (34) follows immediately from (37). Q.E.D.
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