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Abstract

We identify the mechanisms governing the propagation of technological shocks to the
sectoral allocation of labor in a non-parameterized growth model. These propagation
mechanisms are: (i) the change in aggregate income; whose effect on sectoral
composition depends on the income elasticities of consumption demand; (ii) the change
in the relative prices of consumption goods, which alters the sectoral composition
depending on the Allen-Uzawa elasticities of substitution between goods; (iii) the
change in the rental rates, whose effect on sectoral composition is determined by the
sectoral elasticities of substitution between capital and labor; and, (iv) the direct effect
of the sector and factor bias of the technological change. From this analysis, we derive
an accounting method to measure the contribution of these propagation mechanisms
to structural change in parameterized growth models. By using some well-known
parameterizations, we account for the contribution of each mechanism to the U.S.
structural change in the period 1948-2010.

JEL classification codes: O11, 041, O47.

Keywords: structural change; non-homothetic preferences; sectoral productivity.



1. Introduction

The process of economic development exhibits structural change as one of the most
clear-cut features. Developed countries have experienced a secular shift in their
allocation of economic activity across sectors. Figure 1 shows evidence of this long-
run trend in the U.S. economy. We observe that the production valued added,
employment and expenditure on consumption valued added have continuously shifted
from agriculture and manufactures to services from 1948 to 2010.

Figure 2 shows the dynamic path followed by total factor productivity (henceforth,
TFP) indexes, relative prices, and the ratio between rental rates of labor and capital
in these three sectors. We easily observe that the relative price of agriculture in terms
of manufactures has decreased substantially, whereas the relative price of services
has increased during the sample period. Furthermore, the dynamic behavior of the
other two magnitudes also clearly differs across the three sectors. Especially, we must
emphasize that the accumulated growth rate of TFP, computed as the Solow residual
from KLEMS 2013 data, has been much larger in agriculture than in manufacturing and
services. The changes in the variables displayed in Figure 2 together with the growth
of income are the mechanisms that, according to the literature, drive the patterns of
structural change shown in Figure 1.! Our objective is to provide a method to measure
the contribution of these mechanisms to the process of structural change.

[Insert Figures 1 and 2]

The literature has identified four propagation mechanisms in a closed economy.
A first mechanism, which we denote as the income mechanism, is the reallocation of
consumption expenditure from goods with low income-elasticity of demand towards
those with high income-elasticity driven by rising income. Second, any variation in the
relative prices of goods also alters the sectoral composition of consumption demand
in a manner that depends on the consumer’s substitution elasticities between goods.
We denote this mechanism the demand substitution mechanism. Third, there is a
technological substitution mechanism driven by changes in the rental rates of inputs
that affect the sectoral composition depending on the sectoral differences in capital
intensities and in the substitution elasticities between capital and labor. Finally,
apart from the indirect effect through income and prices, the sectoral processes of
technological change also directly drives structural change by altering: (a) the relative
productivity of each sector; and, (b) the optimal capital to labor ratio.? We denote
this direct effect as the technological change mechanism.

Accounting for the contribution of these mechanisms in explaining the observed
structural change is a necessary step to build empirically plausible multisector
growth models. As is explained below, some applied studies have separately
assessed the relevance of the aforementioned mechanisms by calibrating and simulating
parameterized models that incorporate an incomplete set of these mechanisms. We
contribute to this literature by providing an accounting method of the propagation

'Qee, for example, Herrendorf et al. (2014) for an extensive review of the literature on sectoral
structural change.

2Technological change causes income growth and modifies prices. Therefore, it also affects structural
change indirectly through the other mechanisms.



mechanisms in a closed economy. In contrast with previous studies, in this paper,
we use a generic framework, i.e., a model with the minimum set of assumptions and
where preferences and technologies are not parameterized, which allows for a complete
characterization of the propagation mechanisms. We show that the contribution of
these mechanisms to structural change depends on the following variables describing
preferences and technologies: (i) the income elasticities of the demand for consumption
goods; (ii) the Allen-Uzawa elasticities of substitution between consumption goods;
(iii) the capital income shares in sectoral outputs; (iv) the elasticity of substitution
between capital and labor in each sector; (v) the sectoral bias of the neutral component
of technological change; and (vi) the degree of factor-bias in the sectoral technological
change.

As an empirical illustration of our accounting approach, we consider Stone-Geary
preferences and sectoral CES production functions to account for the contribution of the
different mechanisms in explaining U.S. structural change. The use of these particular
functional forms for preferences and technologies has two advantages. On the one hand,
they are largely used in the literature on structural change because they are quite
flexible. On the other hand, Herrendorf et al. (2013) and Herrendorf et al. (2015)
have, respectively, estimated the parameters of these preferences and technologies for
the US economy. We use these estimations to compute the associated elasticities of
consumption demand, the sectoral elasticities of substitution between labor and capital,
and the rates of capital and labor-augmenting technological change. We then measure
the contribution of the propagation mechanisms to the observed growth of sectoral
employment shares in the US economy from 1948 to 2010.

We show that the four propagation mechanisms have substantially contributed to
the dynamics of sectoral employment shares in the US economy. However, they have
worked in different directions, that is, in each sector, some mechanisms had an attractive
effect on employment and others contribute to drive away employment. Obviously, the
observed structural change in employment is the result of the balance between these
opposite effects. We conclude that the dynamics of employment out of agriculture
is mainly driven by the two aforementioned technological mechanisms, whereas the
reallocation of employment from manufacturing to services is channeled mainly through
the income mechanism.

In the accounting exercise, we obtain income, prices and rental rates directly from
the data. As a result, we only consider the direct effect of technological progress on
structural change, which we denote as the technological change mechanism. However,
technological progress increases income and changes both prices and rental rates. As a
result, technological progress affects indirectly structural change through the other three
mechanisms. In the last part of the paper, we simulate the competitive equilibrium path
to disentangle the contribution of the different mechanisms to structural change under
different technological processes when income, prices and rental rates are determined in
equilibrium. In particular, we compare three economies that exhibit the same sectoral
composition but different technological progress: with and without sectoral and factor
bias. We obtain that the contribution of the propagation mechanisms to sectoral
composition is very different in each economy even when they exhibit the same process
of structural change. This result is the consequence of the fact that the paths of
income, prices and rental rates substantially differ across these economies because of



the differences in the technological progress.

This paper is related to three different strands of the literature on structural change.
First, it is related to those papers that propose alternative mechanisms through which
structural shocks may alter the sectoral composition of the economy. Within this
literature, we distinguish those papers that consider sectoral differences in income
elasticities of the consumption demand as a driver of structural change. This mechanism
has been studied by, among others, Echevarria (1997), Laitner (2000), Kongsamut
et al. (2001), Caselli and Coleman (2001), Foellmi and Zweimiiller (2008), Boppart
(2014), Comin et al. (2021) or Alder et al. (2021). Alternatively, Ngai and Pissarides
(2007) formalize the original idea of Baumol (1967) to explain structural change as a
consequence of a sectoral-biased process of technological change that changes relative
prices of goods. Another group of papers demonstrates that the substitution effects
associated to changes in rental rates may drive structural change if sectors differ in their
technological features. Acemoglu and Guerrieri (2008) prove that the process of capital
deepening associated to economic growth may also generate structural change if the
sectoral production functions exhibit different capital intensities. In addition, Alvarez-
Cuadrado et al. (2017) point out that the sectoral differences in the capital-labor
substitution may also be a mechanism of structural change. All these theoretical studies
in this first strand of the literature highlight how a single propagation mechanism of
structural change operates. Our general expression for structural change nests all these
mechanisms and, as a result, we can account for their relative contribution to the
observed structural change.?

A second strand of the literature estimates preferences and technologies that exhibit
the features making the previous mechanisms operative. Herrendorf et al. (2013)
estimates the preferences parameters from the expression of expenditure shares resulting
from considering Stone-Geary preferences. Comin et al. (2021) and Alder et al. (2020)
estimate the parameters of two classes of preferences that, contrary to the Stone-
Geary preferences, allow for sustained differences between income elasticities of different
consumption goods even when income is growing. Regarding sectoral technologies,
Herrendorf et al. (2015) estimate the sectoral elasticities of substitution between capital
and labor, and the sectoral rates of capital-augmenting and labor-augmenting process of
technological change, associated to a CES production function. Finally, Valentinyi and
Herrendorf (2008) measure the sectoral income shares of capital and labor for the US
economy, and they find significant differences across sectors. We use these estimations
to perform the accounting exercise in this paper.

A final strand of the literature studies the contribution of the aforementioned
mechanisms in explaining the observed structural change. Examples of this literature
are Dennis and Iscan (2009), Buera and Kaboski (2009), Moro et al. (2017), Swiecki
(2017), Humber (2021), Garcia-Santana et al. (2021), and Comin et al. (2021). These
papers obtain very different conclusions on the contribution of the different mechanisms.

3Recently, Garcia-Santana et al. (2021) proposed another novel mechanism of structural change.
They argue that the dynamics of the investment rate may alter the sectoral configuration if consumption
and investment differ in their sectoral composition. Our theoretical framework does not actually
consider final consumption and investment as two differentiate composite goods. However, this
framework can be modified to account for structural change driven by the dynamics of the investment
rate.



These different results are due to the fact that these studies only consider a subset
of the mechanisms driving structural change. Our general framework overcomes this
limitation. More importantly, this literature studies the contribution of a particular
mechanism by analyzing the changes in the sectoral composition that result from
eliminating it from the set of mechanisms considered in the model. This elimination
of a mechanism is achieved by modifying preferences or technologies. However,
this procedure is not an accounting exercise that measures the contribution of each
mechanism, since it is based on the comparison between models that differ in preferences
or technologies and, therefore, the equilibrium of these models presents different
trajectories of prices, rental rates and incomes. Instead, in this paper we introduce
an accounting procedure that allows us to account for the relative contribution of all
mechanisms in the propagation to structural change of different shocks.

The rest of the paper is organized as follows. Section 2 presents the theoretical
framework used in the analysis. Section 3 derives the growth rates of the sectoral
employment shares, and it characterizes the mechanisms driving structural change in
this general setting. Section 4 quantifies the contribution of these mechanisms to the
structural change observed in the US data. Section 5 simulates the general equilibrium
response of income, prices and rental rates to variations in the rates of technological
change to disentangle the different mechanisms trough which technological progress
affects the sectoral composition. Section 6 includes some concluding remarks.

2. Theoretical framework

We consider a continuous time, closed economy composed of m productive sectors.
We interpret sectoral production functions in value-added form. We identify the m
sector as the one producing manufactures that can be devoted to either consumption
or investment, whereas the other m — 1 sectors produce pure consumption goods. We
denote by p; the price of goods produced by sector 1.

Firms in each sector ¢ operate under perfect competition by using the following
sector-dependent production function:?

Y; = A;F* (Bjz K, u; L), (2.1)

where Y; is the output produced in sector i; z; is the share of total capital, K,
employed in sector i; u; is the share of total employment, L, in sector ; and A; and
B, are the processes of neutral and capital-augmenting technological change in sector
i, respectively. Observe that B; then stands for the factor imbalance of technological
change. We denote by v¢ and 72’ the sectoral-specific growth rates of A; and B;. These
growth rates can be time-varying and different across sectors.

We assume that the sectoral production functions are increasing in both capital
and labor, they exhibit decreasing returns in each of these two arguments, and they are
linearly homogenous in both private inputs. We can then express sectoral production
in units of labor as

yi = Aifi (Biki) , (2.2)

YFor the sake of simplicity, time subindexes are only introduced when necessary to clarify the
exposition.




where y; = Y; /u; L is the output per unit of labor in sector 4, and k; = z; K /u; L measures
capital intensity in sector ¢. Given the properties of the sectoral production functions,
we deduce that f/ > 0 and f/’ <O0.

Finally, the assumptions of competitive factor markets and full input utilization
imply that each production factor is paid according to its marginal productivity. Hence,
the following conditions hold:

ri = piAiBif! (Biki) , (2.3)

and
w; = piAq [fi (Biki) — fi (Bik:) Biki] , (2.4)

where r; and w; are the rental rates of capital and labor in sector ¢, respectively. These
rental rates can differ across sectors. This may be the case, for instance, if there exist
some costs of moving production factors across sectors or intersectoral distortions and
frictions (see, e.g., Caselli and Colleman, 2001; Buera and Kaboski, 2009; Sweicki, 2013;
or Alonso-Carrera and Raurich, 2018).5 We denote by w; = w;/r; the rental rate ratio
in sector i. By combining (2.3) and (2.4), we conclude that the capital-labor ratio k;
is an implicit function of the rental rate ratio w; and of the factor imbalance B; of
technological progress, with

Oki _ [fl(Bik))
Owi — fi(Bik;) £ (Bik;)

>0,

and
ok, Biki[f] (Bik))* — fi (Biks) | f] (Biks) + Biki f; (Biki)]

OB; B2f; (Bik;) f; (Bik;) ’
which follows from the properties of sectoral production functions.

For our analysis, it will also be useful to introduce the following variables describing
the features of sectoral technologies and, therefore, of capital and labor demands: (i)
the share of capital income in output from sector i, that we denote by «;; (ii) the
elasticity of marginal productivity of labor with respect to capital, that we denote by
B;; (iii) the elasticity of substitution between capital and labor in sector i, that we
denote by ;; and (iv) the elasticities of capital-labor ratio with respect to the factor
imbalance of technological progress B; in sector i, that we denote by A;. By using (2.2),
(2.3) and (2.4), we obtain, after some simple algebra, that

o = rik; Bk f{ (Biks)
T iy fi (Bik;)

(8w,> <k‘l> _ (Bik)* f! (Bik) (2.6)
Oki ) \wi )~ fi (Biki) — Bikif! (Biki)’ ’

Ok; i i
= <awi) <:> =5 @7

S Differences in rental rates across sectors could also arise if the production factors are heterogenous,
in the sense that sectors use different types of capital and labor (see, e.g., Caselli and Coleman, 2001;
Herrendorf and Schoellman, 2018; or Herrendorf et al., 2019).

(2.5)

B;
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b () () ”

Observe that the elasticity \; determines the factor bias of the technological change
in sector i, i.e., it informs about the effects of this change on capital deepening. In
particular, the factor bias of technological progress is given by )\i'y?, so that this progress
is capital biased if \;y? > 0.

This economy is populated by N identical individuals. Population grows at the
(possibly time-varying) rate n. In each period, each individual is endowed with [ hours
of time that inelastically supplies in the labor market, so that the total household’s
labor supply is L = IN.® Each individual derives utility from the consumption of m
goods. To be consistent with the value-added approach followed in the production-side,
we interpret the commodities in the utility function as the value-added components
of final consumption. We consider time-additively separable preferences, where the
utility function at any period ¢ depends on the consumption levels of the m goods at
this period. We denote this instantaneous utility function by v (cy, ..., ¢p,), which is
increasing in each of its arguments and quasiconcave. Given per capita consumption
expenditure, e, each individual maximizes the utility v subject to

m
€t = Zi:l DitCit (2-9)

and a non-negativity constraint on the choice variables.

The solution of this problem characterizes the demands of consumption goods as a
function of per capita expenditure e and the vector of prices p = (p1, ..., pm). We denote
by ¢; = C' (p, e) the Marshallian consumption demand for the good produced in sector
1. Since we are only interested in the sectoral composition of consumption expenditure,
we only need to characterize the properties of the temporal functions of consumption
demand ¢; = C* (p, e) . Therefore, we abstract from the intertemporal decisions by just
focusing on a sequence of static problems for any path of expenditure and prices. This
implies that our analysis is consistent with any model of intertemporal decisions.

The features of the demand functions are summarized by the price and income
elasticities of those demand functions. Let p; and 7;; denote the income elasticity of
demand of good ¢ and the elasticity of this demand with respect to the price of good
7, respectively. In an online appendix, we state the properties that these elasticities
satisfy.

3. Sectoral composition of employment

We next characterize the dynamics of the sectoral employment shares u;. To this end,

we use the clearing condition in the markets of the pure consumption goods, which is

given by '

u; A; Lf* (Bik;)
N )

ci=C'(p,e) = (3.1)

%Tn the present analysis we consider that labor supply is exogenous and the goods can only be
adquired through markets. However, our analysis is easily extended to incorporate both endogenous
labor supply and home production.



for ¢ # m. Log-differentiating with respect to time this condition, taking into account
that capital-labor ratio k; is a function of rental rate ratio w; and of capital-augmenting
technological progress B;, and using the definitions of 7,;, ;, i, A; and m; given in the
previous section, we obtain, after some algebra, that

i é = )i Wi . N
— =i\ g\ =) o | — ) = (Vi i) = 5, 3.2
= (0 2 () e (G) - Gt veant) = 02

m
for ¢ # m. Given the clearing condition for the labor market Z LU= 1, we also
]:

obtain the growth rate of the employment share in the manufacturing sector as

U, U; U;
— = — ) {—=- 3.3
A shock altering prices affects employment shares by changing the terms of trade
between sectors and the purchasing power of income. We next proceed to decompose
the price effect into the substitution effect and the income effect. To this end, in the

online appendix we use the Slutsky equation to show that the price-elasticities of the
Marshallian demand are given by

Nij = i (0ij — 115) 5 (3.4)
where z; is the expenditure share of the good produced in sector 4, i.e., z; = pjc;/e;
and o;; is the Allen-Uzawa partial elasticity of substitution, which measures the net
substitutability between consumption goods ¢ and j. Therefore, we can rewrite the
growth rate of the sectoral employment share wu; for ¢ # m, given by (3.2), as follows:
m . m .

: pj pj
L) e ()] e ()
Ui _ j=1 j=1 , (3.5)
Uj
—yT; (%) — (v¢ + agmin?) — 4
By using this growth rate, we can also directly obtain the change in the composition
of employment between any two sectors ¢ and j other than sector m as

o) | 3oa ()]

,

=1
m
. . s b
A=l U +3 (u=awa (§) . (3.6)
1] — w; u] =1

_ [am (g—) — oy, <%>]

- (7? — 7% + aimi} - OéﬂTﬂ?)

\

From (3.5) and (3.6), we distinguish the following four mechanisms that propagate
the effects of any exogenous shock to the sectoral composition of employment:



1. Income mechanism. It measures the variation in the sectoral composition of
employment derived from the dynamics of real expenditure. It is given by the
following term of (3.5):

El =y, g — ixj <pﬂ> . (3.7)

This income mechanism decomposes into the effect from changes in the nominal
expenditure (i.e., the Marshallian’s income effect), and the effect from the
variation in prices (i.e., the Hicks’ income effect). Note that the magnitude
of the income mechanism clearly depends on the income elasticity of the demand
of good i. Hence, as shown in (3.6), this mechanism will modify the sectoral
composition if and only if the income-elasticities of demand differ across sectors.
Therefore, this mechanism requires preferences to be non-homothetic to generate
the necessary gaps between the sectoral income elasticities.

2. Demand Substitution mechanism. It measures the variation in the sectoral
composition of employment derived from variations in relative prices. This
mechanism is given by the following term of (3.5):

m .
EiDS = Zaijxj <p]> . (3.8)
=1 bs

The contribution of this mechanism to the change in the employment share of
sector ¢ depends on: (a) the Allen-Uzawa elasticities of demand of good ¢ with
respect to the vector of sectoral prices; and (b) the expenditure share of the
good whose price is being considered. As follows from (3.6), this mechanism will
generate changes in the sectoral composition of employment between two sectors
i and j if and only if they exhibit different Allen-Uzawa elasticities of substitution
with the other goods, i.e., oy # o for | # {3, j}.

3. Technological Substitution mechanism. It measures the variation in the sectoral
composition of employment due to changes in the sectoral capital intensities, k;,
caused by the change in the sectoral rental rate ratios. This mechanism is given
by the following term of (3.5):

ETS = _qym; (“) . (3.9)

i

The magnitude of this third mechanism depends on both the share of capital
income in output and on the elasticity of substitution between capital and labor
in sector 7. Therefore, the change in the sectoral composition of employment
across sectors driven by this mechanism will derive from the difference between
the variation in the rental rate ratios across sectors weighted by the share of
capital income in output and by the elasticity of substitution between capital and
labor.

10



4. Technological Change mechanism. It measures the contribution to structural
change of the sector-specific technological progress. This mechanism is given
by the following term of (3.5):

ETC = —% = —¢ — oy, (3.10)
K3
which represents the rate of the technological progress in sector ¢. Obviously,
this mechanism only accounts for the direct effect of technological change.
Technological progress also alters the sectoral composition indirectly by altering
income, prices and rental rates. These indirect effects of technological progress
are accounted by the other aforementioned drivers of structural change.

We distinguish two components operating in this mechanism. On the one hand,
we have the neutral component of the technological change, which is given by the
first term, v¢. Structural change is partially driven by the sectoral biases of the
neutral technological change given by 7{ —~5. On the other hand, we also have
the effect on sectoral composition of capital deepening driven by technological
change, which is given by the second term amyyf. Observe that the magnitude
of this mechanism also depends on: (a) the sectoral differences in the factor
bias of technological change, i.e., the differences vf — ’y?»; (b) the share of capital
income in output; and (c) the elasticity of substitution between inputs in sector
i. Therefore, this technological mechanism does not require technological change
to be sectoral or factor biased. It also arises if v; = V5 with s = {a, b}, provided
that a;m; # QT

Summarizing, structural change might be driven by several alternative mechanisms.
As was suggested by Buera and Kaboski (2009), none of these mechanisms alone can
provide a good explanation for the observed structural change. Hence, we should
consider all of them together as potential explanations of the observed structural
change. This requires quantifying their relative contributions to the observed structural
change. We will deal with this empirical analysis in the next sections.

Before closing this section, we clarify that our contribution to related literature
is to identify the mechanisms of propagation of any structural shock on the sectoral
composition. To see this, consider, for instance, how an exogenous technological
advance spreads out to the sectoral structure. Since in equilibrium relative prices
and relative rental rates depend on technological parameters, this advance affects the
sectoral structure through the aforementioned four mechanisms:

o It increases aggregate income, which has an impact on sectoral composition when
sectoral income elasticities of demand are different across sectors. This income
mechanism was theoretically studied by Kongsamut et al. (2001).

e The sectoral bias of technological progress alters the relative prices, which
modifies sectoral composition when there are differences in the Allen-Uzawa
elasticities. Ngai and Pissarides (2007) propose a model that illustrates how
this demand substitution mechanism works.

11



e The sectoral bias of technological progress also alters the relative rental rates,
changing the sectoral composition when either capital income shares are different
across sectors (see, Acemoglu and Guerrieri, 2008) or elasticities of substitution
between capital and labor are different across sectors (see, Alvarez-Cuadrado et
al., 2017). This effect on sectoral composition corresponds to the technological
substitution mechanism.

e The technological change mechanism groups the direct effects of technological
progress on structural change. On the one hand, the sectoral bias of technological
progress modifies total factor productivity differently in each sector. Ngai and
Pissarides (2007) also incorporate this driver in their model. On the other hand,
intersectoral differences in the capital-bias of technological progress generate
sectoral differences in the marginal rate of technical substitution between capital
and labor. This effect is reinforced when there are also sectoral differences in
capital income shares or in the elasticities of substitution between capital and
labor. To our knowledge, although the literature has already considered the role
of this propagation mechanism (see, e.g., Acemoglu and Guerrieri, 2008, Alvarez-
Cuadrado et al., 2018, Barany and Siegle, 2020; or Buera et al., 2022), it has not
been quantified. In the following sections, we outline that it has a sizeable effect
on sectoral composition.

Therefore, Condition (3.5) for structural change is quite general and nests the
mechanisms commonly used by the literature to account for observed structural
change. In the online appendix, we show how our condition (3.5) particularizes when
one considers the functional forms of preferences and technologies considered in the
literature. In particular, we consider: (a) the Stone-Geary preferences considered by
Kongsamut et al. (2001); (b) the sectorally biased technological progress considered
by Ngai and Pissarides (2007); (c) the capital deepening proposed by Acemoglu and
Guerrieri (2008); (d) the sectoral differences in capital-labor substitution considered
by Alvarez-Cuadrado et al. (2017); and (e) the long-run income and price effects
introduced by Comin et al. (2021).

4. Empirical analysis

As an illustration of our decomposition method, we now quantify the contribution of
the four propagation mechanisms to the structural change of the US economy over
the period 1948-2010. This first requires to obtain the income elasticities p;, the
Allen-Uzawa elasticities 0,5, the sectoral elasticities of substitution between capital
and labor ;, and the rates of technological change ¢ and ’y?. We obtain them using
the estimations that the literature on structural change has made of the parameters
of Stone-Geary preferences and of constant elasticity of substitution (CES) sectoral
technologies. These functions are extensively used in the empirical analysis of the
process of structural change. We obtain the rates of technological change and the
elasticities of substitution between capital and labor from the estimations of Herrendorf
et al. (2015) of sectoral CES technologies, and we derive the elasticities of consumption

12



demands from the estimation of Stone-Geary preferences by Herrendorf et al. (2013).

We consider three aggregate sectors: agriculture, manufacturing and services.®
Furthermore, we use annual US data for the period 1948-2010, with 2005 as the base
year of the price, rental rates and quantity indexes. More precisely, we retrieve the data
on consumption expenditure in valued added and on relative prices from Herrendorf
et al. (2013), whereas the sectoral data on rental rates, capital income shares and
employment (people and hours) directly come from Herrendorf et al. (2015). Both
studies build the time series of these variables with the information from the US Bureau
of Economic Analysis (BEA). We proceed to derive the expression of the elasticities
that appear in (3.5) for the particular specifications of preferences and technologies
considered in the empirical analysis.

4.1. Sectoral CES production functions

We now consider that each sector uses the following CES production function:

A
mi—1 T, —1 m—1

Yi=Ai |¢; (BiziK) ™ + (1= ;) (wil) ™ ; (4.1)

with ¢; € (0,1), and where 7; is the constant elasticity of substitution. Herrendorf et
al. (2015) estimate these sectoral production functions for agriculture, manufacturing
and services on the same period we consider. This estimation yields the following
results:

e The estimated elasticities of substitution between capital and labor m; for
agriculture, manufacturing and services are 1.58, 0.80 and 0.75, respectively.

e The estimated growth rate ¢ of the neutral technological progress A; for
agriculture, manufacturing and services are 0.050, 0.044 and 0.016, respectively.

e The estimated growth rate vf of the capital-augmenting technological progress
B; for agriculture, manufacturing and services are —0.027, —0.089 and —0.016,
respectively.”

"These two papers estimate separately technologies and preferences. Herrendorf et al (2013) obtain
the values of the parameters of the Stone-Geary utility function by estimating the implied system of
sectoral expenditure shares. Herrendorf et al. (2015) obtain the values of the parameters of the CES
production functions by estimating the system of first order conditions obtained from minimizing the
sectoral cost functions.

8Other sectoral configuration may be more appropriate for the post-1947 period considered. On the
one hand, agriculture is steadely declining from already very low employment shares. On the other
hand, the evidence suggests that services is a largely heterogenous sector (see, e.g., Bardny and Siegel,
2020; Duarte and Restuccia, 2020; Duernecker et al., 2021; or Buera et al., 2022). However, we use
the standard three sector configuration to compare with the previous literature and to make use of the
estimations of the specifications of Stone-Geary preferences and of CES technologies.

90bserve that B; is the net effect between capital-augmenting and labor-augmenting technical
progresses, which are separately estimated by Herrendorf et al. (2015). Therefore, a negative value of
'yi’ means that the labor-augmenting progress dominates in sector i. In any case, the aforementioned
study estimates that the rate of the gross capital-augmenting progress is not significantly different to
zero in services, whereas it is negative in manufacturing. They find difficult to explaining the later
result. We will come back to this issue in the sensitivity analysis below.
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As shown in (2.8), the values of 7% and 7; determine the factor bias of technological
progress, which is measured by 7? (m; — 1) . Since the elasticity of substitution is smaller
than one in manufacturing and services, then these two sectors exhibit capital-biased
technological progress, whereas agriculture experimented a labor-biased technological
change since m, > 1.

4.2. Stone-Geary preferences

Consider now the following preferences:

e—1

vlcmeme) = | 3 of (a—a)FT| (4.2)

i=a,m,s

where ¢, > 0 are nonnegative weights that add up to one, ¢; are constants, and € > 0 is
the elasticity of substitution between effective consumptions ¢; — ¢;.'% By deriving the
consumption demands, and after some simple algebra, we obtain in the online appendix
that the income elasticity is given by

()02

€= Z PiCi.

i=a,m,s

for all ¢, and where

Similarly, we obtain that the Allen-Uzawa elasticities are:

e
Oij = EHif; (1 - e) , (4.4)

Oii = (?) (1 - Z) (wip; — 1), (4.5)
i
for all 3.11

Herrendorf et al. (2013) estimates the parameters of the utility function (4.2) by
imposing that the minimum consumption on manufacturing is ¢,, = 0. The results of
this restricted estimation are: ¢ = 0.002 (although no significantly different from zero),
¢, = 138.68, ¢, =0, €5 = —4,261.82, ¢, = 0.002, ¢,, = 0.15 and ¢, = 0.85. With this
parameterization, we obtain the elasticities of consumption demand from (4.3), (4.4)
and (4.5). They are time-variant because of the minimum consumptions ¢;. Figure 3
shows the time-path of these elasticities and Table 1 displays their cross-time average
values.

for all ¢ # j, and

10The elasticity of substitution between gross consumption goods ¢; should be computed because it
is not only determined by e but also by the minimum consumptions ¢;. In any case, we assert that this
elastiticity is not relevant for structural change.

' Observe that the income-elasticity of demand ¢; is different from unity even when ; = 0 provided

Z#0.
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[Insert Figure 3 and Table 1]

Several properties of the consumption demand must be pointed out from the
computed elasticities. With respect to income elasticities, we obtain that the three
consumption goods are normal goods, with the exception of agriculture that exhibits
negative income elasticity during the 1970s.'> We also observe that the demands of
agriculture and manufactures exhibit income elasticities smaller than one, whereas the
demand of services has an income elasticity larger than one. Finally, as the literature
explaining structural change based on demand factors assumes, we obtain that income
elasticities satisfies the ranking p, < u,, < p, in the whole sample and they converge
to one as income grows, which is a well known property of the Stone-Geary preferences.

With respect to Allen-Uzawa elasticities, we first observe that their values are
very small as a consequence of the fact that the estimated value of the elasticity of
substitution ¢ is almost zero. In any case, we obtain that o,5 # 0um F# Oms, and
consumption goods are Hicks substitutes as g4m, 045 and o, are positive, with the
exception of the last two elasticities that are negative during the 1970s. Once again,
the non-homotheticity leads these elasticities to vary along time in the US economy.
This variation is relatively large, since the variation coefficients are 79.25%, 73.48% and
5.06% for oum, 0as and o, respectively.

4.3. Accounting for the contribution of the mechanisms

The purpose of this subsection is to measure the importance of each mechanism
in driving the observed structural change. To this end, we first simulate sectoral
employment shares to test how well the proposed parameterization fit the observed
employment shares. In particular, we simulate the structural change equation (3.5) with
the estimated elasticities, and using annual data on aggregate expenditure e, sectoral
prices p;, sectoral rental rates w;, sectoral expenditure shares x; and sectoral shares of
capital income «;, which we obtain from Herrendorf et al. (2013) and Herrendorf et al.
(2015). Therefore, we consider these variables as exogenous in this first simulation and
accounting exercises.

More precisely, we simulate employment shares u; for agricultural and services
sectors from 1948 to 2010 by setting the value of u; to the actual value of the US
employment share in 1948 for sector ¢, and using the estimated growth rate @it = u;/u;
in (3.5), which is defined as the sum of the following partial growth rates corresponding
to the different mechanisms of structural change:

Gh=ni|e/e— > xi(i/p)|,

j=a,m,s

12The price of agricultural products increase very rapidly in 1970s because of a strong expansion in
the world demand of grain, particularly from socially planned economies, and some adverse weather
conditions that reduce the yields of main world producers of grain (see, e.g., Peters et al., 2009). This
increase in prices may explain the reduction in agricultural income elasticities and even negative values
of these elasticities if the price increase reduces the consumption of agricultural products.
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for the income mechanism;

ADS ~ .
GR% = 3" Gz (5i/p),

j=a,m,s
for the demand substitution mechanism; @55 = —ay7; (w;/w;) for the technological
substitution mechanism; (A}’Z;C = =77 — ;7 ‘y\f — 32’) for the technological change
mechanism; and the growth rate of hours worked, ég W= _] /1. Finally, the simulated

employment shares in manufacturing are directly obtained by using the market clearing
condition in the labor marked U, = 1 — Ugr — Ust-

Figure 4 compares the path of the simulated employment shares {@it}?gll% 45 With the
path followed by actual shares {uit}fgﬁ% 48 - F'irst, we observe that the fit of the simulated
shares to the actual shares is very good. This is confirmed in Table 2, which provides
the Pearson’s correlation coefficient (R) and the root mean-square error (RMSE) of
the regression of the actual employment shares with respect to the simulated shares.

[Insert Figure 4 and Table 2]

We now measure the contribution of each mechanism of structural change to the
predicted average growth rate of the sectoral employment shares between 1948 and
2010, which we denote by G’Z We face this question by accounting for the contribution
of the partial growth rates @{ , (jZDS , @?S and @;‘FC to the average predicted growth
rate éz of the employment shares.'® Table 3 and Figure 5 provide the results from these
decomposition and accounting exercises. We conclude that all propagation mechanisms,
with the exception of the demand substitution mechanism, have played a significant
role in explaining the structural change observed throughout the sample period. These
mechanisms were then relevant channels for the transmission of structural shocks to

the aggregate economy.
[Insert Table 3 Figure 5]

The insignificant role of the demand substitution mechanism means that the changes
in the relative prices of consumption goods have only affected sectoral composition of
employment through the income mechanism. Table 3 also decomposes the income
mechanism into the Marshallian component, which captures the effect of changes in
nominal expenditure, and the Hicksian component, which covers the change in the
purchasing power of income driven by changes in relative prices. We observe that the
two components are largely significant, although they work in the opposite direction.
We must remember at this point that the substitution mechanism obtained by the
previous literature accounts for the sum of the demand substitution and Hicksian

13The growth rate decomposition of employment shares in agriculture and services follows the
structural change equation (3.5). The decomposition in manufactures is done by using (3.3) and the
decomposition of the other sectors. In particular, the growth rate decomposition in manufacturing is

computed as
o~ ua o~ uS o~
o [(z)an (22) ).
Umt Umt

where £ = {I,DS,TS,TC,HW} .
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income mechanisms, since this literature does not consider the Slutsky decomposition
of the price elasticities of consumption demand. Our results then indicate that this
substitution mechanism in the literature would be fully attributable to the Hicksian
income mechanism under our preference parameterization with a near-zero estimated
elasticity of substitution between goods.

From Table 3, we observe that the propagation mechanisms have driven the sectoral
employment shares in opposite directions. We first observe that the technological
substitution and the technological change mechanisms pushed labor out of agriculture,
whereas the income mechanism has slowed down this decrease in the employment share
in agriculture. By the contrary, the income mechanism was the responsible of the
increase and the decrease of the employment shares in services and manufacturing,
respectively. In these two sectors, the technological mechanisms worked in the opposite
direction and, in particular, the technological change mechanism was the largest
counterbalance force of the income mechanism in both sectors.

We outline that only the technological change mechanism is crucial in driving
structural change in the three sectors. This technological change effect is the sum of
two different effects: the neutral component of the technological change, measured by
7vi =75, and the technological change-driven capital deepening that results from factor-
biased technological changes, measured by ozmmf — ajwjyg. This second component
is sizable. To see this, we also compute the contribution of each component of the
technological change mechanism to the predicted growth rate of the employment shares.
Table 3 shows that the capital deepening component reduced the impact of the neutral
component.

4.4. Sensitivity analysis

We now carry out some robustness exercises to determine how the previous accounting
results depend on some controversial assumptions of the parameterization used in this
section. We next present the main conclusions from this sensitivity analysis, whose
details and results are included in the online appendix.

A. Sectoral elasticities of substitution between capital and labor. Herrendorf
et al. (2015, pp. 106-107) claim that "Cobb-Douglas sectoral production functions
with different technological progress capture the main technological forces behind the
postwar US structural change". We check here this claim by using our accounting
exercise. We consider a Cobb-Douglas specification for the sectoral production
functions, where the capital income shares are given by the across-time arithmetic
average in data. Furthermore, the elasticity of substitution ; is in this case equal
to one, so that the technological progress does not exhibit now factor bias, which
modifies the technological substitution and the technological change mechanisms. We
show in the online appendix that the fit of the simulated shares to the data in this
case is significantly worse than in the simulations with the estimated CES production
functions.

B. The factor-bias of the sectoral technological progress. We should point
out that Herrendorf et al. (2015) obtain a negative capital-augmenting progress
in manufacturing, which they find challenging to interpret. The literature finds
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the estimation of factor-biased technological change troubling because it is mainly
attributed to measurement errors (see, e.g., Antras, 2004). In the online appendix, we
approximate the magnitude of these errors by computing our net capital-augmenting
technological progress as the across-time average residual of our structural change
equation (3.5). In this way, we obtain that the growth rate ’yf of the net capital-
augmenting technological progress B; for agriculture, manufacturing and services
is —0.033, 0.041 and —0.014, respectively. While these rates in agriculture and
services are close to the benchmark values, observe that the rate in manufacturing
is largely different. In particular, the rate of the gross capital-augmenting progress in
manufacturing, which is given by 72, +~%,, is now positive.

In the online appendix, we simulate the sectoral employment shares with these
new values of ’yﬁ»’ . We first obtain that the fit of these new simulations to the data on
employment shares is slightly worse than the one in the benchmark simulations. We
also show that the new simulation implies remarkable changes in the contribution of the
propagation mechanisms. The technological change mechanism maintains the direction
of its force but reduces its importance in the three sectors. The lower contribution of
the latter effect is compensated by the increase in the importance of the income and
the technological substitution mechanisms. Furthermore, the decomposition of the
technological change mechanism shows that the capital-deepening technological change
is now larger in agriculture and smaller in services and in manufacturing.

C. The long-run income and price effects. One feature of the Stone-Geary
preferences is that the income effects driving structural change vanish in the long-run as
the economy grows because ¢;/ ¢; tends to zero, so that the income elasticities converge
to one for all i (see Figure 3). Therefore, the contribution of the income mechanism as
a driver of structural change vanishes in the long run. Comin et al. (2021) overcome
this feature by considering a class of utility functions that generates non-homothetic
sectoral demands for all levels of income. They consider constant relative elasticities
of income and substitution (CREIS) preferences, which is characterized by the utility
function v (ca, ¢m, ¢s) implicitly defined through the following constraint:

o 1
Z inTnci" =1 (4.6)

i=a,m,s

By using cross-country data for the OECD countries, Comin et al. (2021) estimates the
parameters of the utility function (4.6). In the online appendix, we derive the income
and the Allen-Uzawa elasticities associated to this utility function. We obtain that
the variability of these elasticities is now quite small and, more important, the income
elasticities do not converge to one. In particular, the income elasticity of agriculture
remains very small along the entire period, so that its cross-time average value is in
this case much smaller than in the benchmark case with Stone-Geary preferences.

We simulate the sectoral employment shares by using the estimated elasticities of
the consumption demand based on CREIS preferences. In the online appendix, we
show that the fit of these new simulations to the data on employment shares is also
very good. In fact, the fit with the CREIS preferences is in overall similar to the
one with the Stone-Geary preferences. However, regarding the decomposition of the
drivers of structural change, we show that the importance of each of the mechanisms

18



significantly changes with this alternative specification of preferences. The contribution
of the demand substitution mechanism in the three sectors now is not negligible, which
is explained by the fact that the Allen-Uzawa elasticities differs now significantly from
zero. In particular, this mechanism slows down the reallocation of employment across
sectors. Furthermore, the increase in the importance of this mechanism is mainly
balanced with a reduction in the contribution of the income mechanism. Finally, we
also show that this slightly better fit of the simulation based on CREIS preferences to
employment share data is at the cost of a worse fit of the simulation to the expenditure
share data. While the fit of the simulation of the expenditure share in agriculture under
both specifications is quite similar, the fit of the simulation of the expenditure shares
in services and manufacturing with the Stone-Geary preferences is much better than
with the CREIS preferences.

5. Structural change and technological progress

Technological progress affects structural change through the different propagation
mechanisms considered in the previous sections, since it increases income and changes
prices and rental rates. In this section, we use the accounting method discussed in the
previous sections to study the direct and indirect effects of technological progress on
structural change. This exercise requires first solving the dynamic general equilibrium
to determine how income, prices and rental rates respond to technological progress. We
next simulate the equilibrium employment shares and the contribution to structural
change of the different mechanisms when we consider the technological progress
estimated by Herrendorf (2015). We also consider alternative processes of technological
progress that are calibrated to generate the same path of sectoral compositions. We then
compare the contribution of the different mechanisms under these different processes
of technological progress.

We parameterize our model with the production functions (4.1) and the utility
function (4.2), and we use the values of parameters {m;,v%,4?,¢,@;,c} for i =
{a,m, s} that we considered in the previous section and that we obtained from the
estimations of Herrendorf et al. (2013) and Herrendorf et al. (2015). The firm’s and
intratemporal household problem are described in Section 2 and a detailed derivation
of the equilibrium is in the online appendix. Therefore, we only need to define
and intertemporal framework to determine capital accumulation and to clarify some
additional aspects of the calibration. These additional assumptions are:

e To simplify the equilibrium computation, we consider a Solow type model and
we set the path of the investment rate exogenously from the data. We obtain
this exogenous path of investment rate from the perpetual inventory method
commonly used in building the aggregate capital stock observed in the data.
More precisely, we consider the following law of motion for capital in efficient
units of labor:

(L+n) k1 = s:Qe + (1 —0) Ky,

where s; is the investment rate; Q; is the aggregate GDP in efficient units of labor,
ie, Q=Y ,_ {a,m,s} PiYi and 0 is the depreciation rate. We set the depreciation
rate at 0.045, which is obtained by imposing that the law of motion of capital
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stock is asymptotically consistent with the following empirical facts taken from
the Penn World Table 1950-2010: (i) the average investment-capital ratio is 0.076;
(ii) the average population growth rate is equal to n = 0.011; and, (iii) the average
value of the aggregate growth rate is 0.02.

e Herrendorf et al. (2015) normalizes the initial values of neutral and capital-
augmenting technological progress, A4; (0) and B; (0), to one. While we maintain
these values for B; (0), we instead calibrate the values of A;(0) to match the
observed data on sectoral composition of labor, u;, and the aggregate GDP at
1948. We obtain A, (0) = 0.7005, A,, (0) = 2.0383 and A, (0) = 0.8769.

e We consider exogenous gaps in the rental rates across sectors and exogenous
wedges between production and consumer prices. These gaps and wedges cover
the existence of any distortion like, for instance, fiscal policy or mark-ups. We
define v; = w;/wy, and k; = r;/ry, for i = {a, s}; and 7; = p;/p;; where p; and
p; are the prices faced in sector ¢ by consumers and producers, respectively. We
assume that these gaps follow a linear trend and we set the value of the trend
to match the linear trend of these gaps observed in the data during the period
1948-2010.

e Finally, since we consider exogenous labor supply, we plug in out model the hours
worked per capita observed in the data.

We simulate the equilibrium path over the next 60 years using as initial capital the
aggregate capital stock observed in the data in 1948. Figure 6 compares the simulated
employment shares with the shares observed in the data. The fit of the simulated
benchmark shares to the actual shares is very good. In particular, we obtain that
the RMSE are 0.0093, 0.0186 and 0.0200 for agriculture, manufacturing and services,
respectively.

[Insert Figure 6]

We now use the model to compare the effects on sectoral composition of different
processes of technological change. To that purpose, we consider two counterfactual
economies that are identical to the benchmark economy except that in one there is no
factor bias of technological progress and in the other one there is no sectoral bias in the
neutral component. These new technological progresses are calibrated to generate the
same sectoral allocation of employment than the benchmark economy during the period
1948-1968.1 In particular, we consider the following two counterfactual economies:

1. Economy A. An economy with sectoral bias in the neutral component and without
factor-bias of technological progress. In particular, we consider that the levels of
B; remains constant at its initial values B;(0) = 1. Furthermore, we consider
that A,, follows the same path as in the benchmark economy, whereas the paths
{Au(t), As(t)}?°, are calibrated, so that this counterfactual economy replicates

"We consider only 20 periods because the counterfactual technological progress drive prices to
extreme values, which makes difficult to match the sectoral employment allocation of the benchmark
economy in longer periods.
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the same path of sectoral employment shares w; generated by the benchmark
economy. The average annual growth rate of the calibrated processes A,(t) and
As(t) are —0.0144 and 0.0203, respectively.

2. Economy B. An economy with sectoral differences in the factor bias of
technological progress, but without sectoral bias of the neutral component. More
precisely, we consider that the levels of A; grow at the same constant rate in
the three sectors, and it is equal to the growth rate 77, corresponding to the
benchmark economy. Furthermore, we consider that B,, follows the same path
as in the benchmark economy and the paths {B,(t), Bs(t)}?°; are calibrated, so
that this counterfactual economy replicates the same path of sectoral employment
shares u; generated by the benchmark economy. The average annual growth rate
of the calibrated processes B, (t) and B(t) are —0.1204 and —0.1492, respectively.

We simulate the equilibrium paths of these counterfactual economies, and then
we compare them with those of the benchmark economy. By using the accounting
procedure proposed in the preceding sections, we compute the contribution of the
different propagation mechanisms in each economy. Even though the sectoral allocation
of employment is the same in all those economies, the equilibrium paths of expenditure
shares, prices and rental rates differ substantially. Table 4 illustrates these differences by
showing the average growth rate of these other variables.!®> Therefore, the contribution
of each propagation mechanism is also different in each economy.

[Insert Table 4]

Table 5 and Figure 7 show the results of the accounting exercises done for actual
data, for the benchmark economy and for the two counterfactual economies, A and B.
Actual data refers to the exercise performed in Section 4, whereas the other accounting
exercises are based on the simulation of the equilibrium. To simplify the exposition,
we focus on the dynamics of the ratio between the employment share on services and
agriculture, us/ug, as the share in manufacturing was computed as a residual. This
ratio monotonously increased along the considered period at an average annual rate
of 0.0666, whereas in the three simulated economies it increases at an average growth
rate of 0.0717. We first observe that the benchmark economy replicates quite well the
contribution of the income and technological change mechanisms, whereas it slightly
overestimates the contribution of the technological substitution mechanism. Therefore,
we can conclude that the deviation of the benchmark simulation with respect to data
is basically due to an error in generating the variation in the rental rate ratios.

[Insert Table 5 and Figure 7]

From the comparison between the three simulated economies, we observe that
the contribution of each propagation mechanism is very different depending on
the particular technological progress. The contribution of the technological change
mechanism largely differs across the simulated economies as a direct consequence of

15The online appendix provides the paths of expenditure, relative prices, rental rates and expenditure
shares in all of the considered economies.
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the different technological progress assumed. The remarkable result is the existence of
also important differences in the contribution of the other mechanisms.

On the one hand, the contribution of the income mechanism in the counterfactual
economies, especially in Economy B, is larger than in the benchmark economy. Even
though the gap between the sectoral income elasticities in Economy A and in the
benchmark is similar, the former exhibits a larger growth rate of expenditure, which
translates into a larger contribution of the Marshallian income effect, and also a different
behavior of the relative price of agriculture, which results in a different contribution of
the Hicksian income effect. By the contrary, the Economy B also exhibits a larger gap
between the sectoral income elasticities, which enlarge the relative contribution of the
income mechanism in this economy with respect to the other two economies.'®

On the other hand, the contribution of technological substitution mechanisms is
similar in the two counterfactual economies but much larger than in the benchmark
economy. From Table 4, we can conclude that this difference is driven by the different
behavior of the capital income shares in the counterfactual economies with respect to
the benchmark. In particular, the negative gap between as and «, grows faster in the
counterfactual economies.

In summary, we have shown that the mechanisms by which technological change
drives structural change depend on the specific nature of technological change.
Identifying the main mechanisms of propagation of technological change is crucial for
building multi-sectoral growth models suitable for macroeconomic analysis of structural
shocks such as, for example, technological changes or changes in fiscal policy. The
proposed accounting method helps us in this identification.

6. Concluding remarks

We have developed a theoretical and empirical analysis to identify possible mechanisms
driving structural change. We have found that the following mechanisms drive the
dynamics of sectoral employment shares: (i) the income mechanism from the growth of
nominal income and from the variation in relative prices; (ii) the demand substitution
mechanism from changes in prices; (iii) the technological substitution mechanisms from
changes in rental rates; and, (iv) both the level and the capital-bias effects derived from
technological progress. We have shown that the reallocation of labor from agriculture
to manufacturing and services is mainly explained by the technological mechanisms,
whereas the income mechanism is the main driver of employment from manufacturing
to services. We have also demonstrated that the factor bias of technological change has a
sizeable effect on structural change. Furthermore, we have shown that the key variables
that determine the contribution of each mechanisms are: (i) the income elasticities of
the demand for consumption goods; (ii) the Allen-Uzawa elasticities of substitution
between consumption goods; (iii) the capital income shares in sectoral outputs; (iv) the
elasticity of substitution between capital and labor in each sector; (v) the sectoral bias
of the neutral component of technological progress; and (vi) the degree of factor-bias
in the sectoral technological change.

1 Remember that income elasticities are endogenous and although the preferences parameters take
the same values in the different economies, elasticities differ as a result of different values of prices and
expenditure.
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The research in this paper could be improved and extended in some directions. In
the theoretical part, we could include international trade, home production and leisure.
On the one hand, Uy et al. (2013), Swiecki (2017) and Teignier (2018) show that
international trade may be an important channel to explain the observed structural
change. We conjecture that an important variable driving the effect of international
trade would be the elasticities of demand for imported goods and the Allen-Uzawa
elasticities of substitution between domestic and foreign consumption goods. In this
sense, the analysis should not be very different to that developed in this paper after
having incorporated foreign consumption goods to the composite good from which
individuals derive utility. On the other hand, in the case of leisure and home production,
one would expect that the complementarity between goods and services would be crucial
for structural change as was pointed out by Cruz and Raurich (2020).

The empirical part of our analysis might also be modified as follows. First, we
might also estimate the demand elasticities by using more flexible functional forms for
preferences and technologies. On the one hand, we might confront whether or not the
use of a translog indirect utility function or a Rotterdam model of consumption demand
gives a more precise estimation of the demand elasticities. On the other hand, we might
also use a translog function for production costs in deriving a system of sectoral cost
shares. We could estimate the sectoral elasticities of substitution between capital and
labor by using this system.

A second empirical extension might consist on applying our analysis to alternative
structures of production. Herrendorf et al. (2021) show that the share of services
value-added in investment expenditure might be large. Garcia-Santana et al. (2021)
show that considering the fall in the investment rate is important to explain structural
change when the sectoral composition of investment is considered. Therefore, a full
characterization of the structural change would require not only accounting for the
change in the sectoral composition of consumption but also in the sectoral composition
of investment. Our approach could be easily applied to this framework by characterizing
the demand of inputs from the sector producing the investment good.

Supplementary material

An online appendix with supplementary material is available.
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Table 1. Cross-time average values of consumption demand elasticities

Income Allen-Uzawa Elasticities (o)
Sector Elasticities (1;) Agriculture Manufactures Services
Agriculture 0.26668 —0.03831 0.00053 0.00065
Manufactures 0.84840 0.00053 —0.00787 0.00217
Services 1.08365 0.00065 0.00217 —0.00068

Table 2. Performance of the simulations of sectoral employment shares

Agriculture: ug

Services: ug

Manufacturing: um,

Pearson’s R 0.9858
RMSFE 0.0149

0.9679
0.0303

0.8469
0.0462

Table 3. Average annual growth rate of employment shares in 1948-2010

Agriculture Services Manufacturing
Data: G; —0.0343 0.0068 —0.0100
Predicted: G; —0.0401 0.0076 —0.0140
Decomposition :
(a) Income mechanism: @ZI 0.0046 0.0210 —0.0562
(—0.1159) (2.7735) (4.0219)
(a.1) Marshallian component 0.0118 0.0577 —0.1566
(—0.2929) (7.6222) (11.2136)
(a.2) Hicksian component —0.0071 —0.0367 0.1005
(0.1770) (—4.8487) (—7.1917)
(b) Demand subst. mechanism: GPS 1.1 x 10~° —54%x10°6  14x10°°
(—0.0003) (—0.0007) (—0.0010)
(c) Tech. subst. mechanism: @;‘FS —0.0220 —0.0024 0.0094
(0.5484) (—0.3109) (—0.6704)
(d) Tech. change mechanism: CAJZTC —0.0235 —0.0118 0.0378
(0.5856) (—1.5561) (—2.7066)
- Neutral component —0.0500 —0.0160 0.0535
(1.2463) (—2.1120) (—3.8333)
- Capital deepening component 0.0265 0.0042 —0.0157
(—0.6607) (0.5559) (1.1267)
(e) Hours worked effect: @ZHW 0.0007 0.0007 —0.0050
(—0.0178) (0.0943) (0.3561)

Notes: The decomposition satisfies G; = Gil + GiDS + G;TFS + GITC + GZHW.

The value in parenthesis is the relative contribution of each mechanism: Gg / G;.




Table 4. Average annual growth rates of some crucial variables

Benchmark Economy A Economy B

Income elasticities:

Iy, 0.0188 0.0305 0.1767

g —0.0064 —0.0059 —0.0094
Relative prices:

Da —0.0127 0.0281 0.0245

Ds 0.0208 0.0232 0.0285
Capital income shares:

Qg 0.0034 0.0129 0.0204

Qg 0.0000 —0.0089 —0.0177
Rental rate ratios:

Wy 0.0427 0.0737 0.1081

Ws 0.0227 0.0530 0.0868
Consumption expenditure:

e 0.0365 0.0546 0.1106
Expenditure shares:

Tq —0.0446 —0.0193 —0.0578

Tm —0.0175 —0.0234 —0.0307

Ts 0.0100 0.0091 0.0130
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Table 5. Average annual growth rate of simulated ratio us/u,

Data Benchmark  Economy A FEconomy B
Income mechanism: G 0.0223 0.0228 0.0344 0.0677
s/a (0.3832) (0.3175) (0.4801) (0.9448)
- Marshallian component 0.0433 0.0368 0.0533 0.0858
(0.7449) (0.5126) (0.7434) (1.1963)
- Hicksian component —0.0210 —0.0140 —0.0190 —0.0180
(—0.3616) (—0.1951) (—0.2634) (—0.2514)
Demand subst. mechanism: égg -15x10° —34x10° —65x10°% —1.8x107°
(—2.6x10—4) (—4.2x10—4) (—9%10-5) (—2.5x10—4)
Tech. subst. mechanism: GTS 0.0228 0.0380 0.0720 0.0776
s/a (0.3928) (0.5301) (1.0039) (1.0826)
Tech. change. mechanism: @T/C 0.0130 0.0110 —0.0347 —0.0736
s/a (0.2242) (0.1528) (—0.4839) (—1.0270)

The variable G’ ,  denotes the growth of ratio Ug /U, explained by the mechanism j.
s/a J

The value in parenthesis is the relative contribution of each mechanism to total growth of the ratio: Gi a/Gs/a-
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Figure 1. Patterns of Structural Change in US
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Figure 2. Sectoral dynamics in US
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