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Abstract

Baumol (1967) observed that developed economies suffer from cost disease, i.e., aggregate
productivity growth falls because structural change reallocates production to services with
low productivity growth. We document that cost disease importantly contributed to the
productivity growth slowdown in the postwar U.S. To assess how severe cost disease may
become, we build a model of structural change among the goods sector and broad services
sectors. Calibrating the model to the postwar U.S. implies that broad categories of services
are substitutes and the services with low productivity growth do not take over production.
Simulating the calibrated model forward implies that future cost disease will be less severe
than past one.
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1 Introduction

Cost disease occurs in developed economies when aggregate productivity growth slows down
because structural change reallocates production to services sectors with relatively low produc-
tivity growth. In the initial statement of cost disease, Baumol (1967) drew particular attention
to the fact that production is even reallocated to services that have productivity growth close to
zero. Subsequent evidence confirmed that indeed several such sectors expanded in terms of em-
ployment or value added shares; see for example Nordhaus (2008). If the services sectors that
have productivity growth close to zero were to slowly take over the economy, then that would
reduce long-run aggregate productivity growth all the way down to close to zero. Whether that
is going to happen depends on the strengths of the forces that determine the sectoral composi-
tion. Although authors like Smith (1978) recognized this point in the 1970s, it is fair to say that
we still do not have a goods sense of whether, and under what conditions, the “apocalyptic”
scenario may occur. In this paper, we therefore ask how important the effect of cost disease on
U.S. productivity growth will be in the future.

We start our analysis by documenting that the past effect of structural change on aggregate
productivity growth was quantitatively important. We find for the postwar U.S. that structural
change reduced the average annual growth rates of aggregate TFP and of labor productivity by
0.24 and 0.16 percentage points, respectively. We note that the size of this past effect is in the
ballpark of the existing evidence; see for example Nordhaus (2008). We also find that the effect
of structural change on aggregate productivity growth varied largely across subperiods. By and
large, it followed an inverted U-shape that peaked during the productivity growth slowdown of
the 1980s.

Our main result is that the future effect of structural change on aggregate productivity
growth will be less severe than the past one. Establishing our main result requires an equi-
librium model that captures how uneven sectoral productivity growth leads to changes in the
sectoral composition, and how these changes affect aggregate productivity growth. Most exist-
ing models study structural change among the three broad sectors agriculture, manufacturing,
and services; see for example the benchmark model presented in Herrendorf et al. (2014). In
contrast, Jorgenson and Timmer (2011) argued convincingly that structural change within the
services sector is more important for aggregate outcomes in developed countries. In the U.S.,
for example, the services sector comprises around 4/5 of aggregate value added and the indus-
tries of the services sector are not at all homogeneous in terms of growth of productivity and
employment. It is therefore of first-order importance to model what happens within the services
sector. We disaggregate economic activity into three different sectors: the goods sector pro-
duces tangible output whereas two services sectors produce intangible output; the two services
sectors differ in their productivity growth: “progressive” services comprise the services indus-
tries with above average productivity growth in services whereas “stagnant” services comprise
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the services industries with below average productivity growth in services.
The literature on structural change has shown that changes in the sectoral composition of

the economy result from how uneven productivity growth, which is determined by technology,
interacts with income and substitution elasticities, which are determined by preferences. Our
formulation of preferences has two crucial features: the elasticity of substitution between the
two services may differ from the elasticity of substitution between aggregate services and goods
(“nested preference structure”); the income elasticities of goods and the two services may differ
from one even in the long run (“persistent non-homotheticities”). The second feature takes
seriously the evidence of Boppart (2014), who established that persistent non-homotheticities
are of first-order importance in the context of structural change.

Connecting our model to aggregate data from the postwar U.S. economy, we find the stan-
dard features that goods are necessities, aggregate services are luxuries, and goods and aggre-
gate services are complements. We also find the new features that progressive services are
necessities, stagnant services are luxuries, and the two services are substitutes. Since the new
features are critical for our results, we go to great lengths to provide empirical support for them.
We first offer micro evidence from the Consumer Expenditure Survey (CEX henceforth) that
the new features are present at the household level. We then show that a careful calibration to
macro data implies the new features.

We find that the future effect of structural change on productivity growth remains limited
and are smaller than the past effect. Specifically, our theoretical analysis shows the novel result
that if the two services subsectors are substitutes then the stagnant services can take over our
model economy only if their productivity growth is sufficiently high. In contrast, if their pro-
ductivity growth is below a threshold value, then households substitute away from the stagnant
services so strongly that their share is driven down to zero. For plausible parameter values, our
model therefore rules out that future aggregate productivity growth is driven all the way down
to zero. The surprising part of this analytical result is that it holds although stagnant services
are luxuries and irrespective of the strength of the persistent income effects that are implied by
non-homothetic preferences. Turning to our quantitative results, when we simulate our model
forward, we find that the productivity-growth slowdown caused by structural change will be
smaller in the future than it was in the past. We establish that this result is robust to the details
of the specification of our model and the parameter choices.

The intuition for why the future effect of structural change on productivity growth remains
limited is as follows. In the past, the main effect of structural change on productivity growth
came from the reallocation of employment and value added rom the goods sector to the services
sector. This effect was quantitatively sizeable because the reallocation was strong and average
productivity was considerably higher in goods than in services production. In the future, sim-
ilar reallocation will play only a limited role because by now the goods sectors has shrunk to
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merely a fifth of the economy so that there is not much left to reallocate to services. Instead, it
will matter more what happens within the services sector. We find that, consistent with our the-
oretical result, substitutability among progressive and stagnant services implies that stagnant
services will not take over the economy. Therefore, the future effect of structural change on
productivity growth remains limited.

One may wonder whether there is an advantage of working with our disaggregation into
stagnant and progressive services instead of working with existing disaggregations of services.
Examples include the distinction between traditional and non-traditional services as suggested
by Duarte and Restuccia (2020); market and non–market services as used by the guidelines
of the System of National Accounts; high-skill-intensive and low-skill-intensive services as
suggested by Buera and Kaboski (2012) and Buera et al. (2021). We establish that none of
these alternatives is as informative about productivity growth as our two-sector split. As an
additional argument in support of our two-sector split, we also establish that the implications of
the calibrated model for future productivity growth are robust to relaxing our nesting structure
and to disaggregating services further. These results suggest that our two-split into progressive
and stagnant services is suitable for answering our question.

Our work contributes to the debate about whether the past slowdown in productivity growth
is temporary or permanent. To begin with, Antolin-Diaz et al. (2017) established statistically
that aggregate productivity growth is declining. Moreover, Gordon (2016) argued that we
picked the “low–hanging fruit” (e.g., railroads, cars, and airplanes) during the “special cen-
tury 1870–1970” and that more recent innovations pale in comparison. Bloom et al. (2020)
provided evidence that indeed ideas seem to become harder and harder to find. In addition,
Fernald and Jones (2014) and Fernald (2016) pointed out that the engines of economic growth
like education or research and development require the input of time which cannot be increased
ad infinitum. The tendency in the debate is to conclude that low productivity growth is likely
to be the future norm. Our contribution to the debate is to assess an additional reason for pro-
ductivity growth slowdown: changes in the sectoral composition of the economy resulting from
structural change.

The rest of the paper is organized as follows. We start our analysis by presenting evidence
on cost disease and by establishing the stylized facts of structural change within services (Sec-
tion 2). We then develop our model and theoretically characterize its equilibrium dynamics
(Section 3). We supplement our theoretical results with a calibration of our model and a quan-
titative analysis of the calibrated model (Section 5). We also offer micro evidence in favor of
the new features of our utility function (Section 4), conduct robustness analysis (Section 6),
and review the related literature (Section 7). We conclude in Section 8. An Appendix contains
background information about the construction of real value added in the data, the proofs of our
theoretical results, and details of our quantitative analysis.
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2 The Past Effect of Structural Change on U.S. Productivity

While we are focused on assessing the possible future effects of structural change on produc-
tivity growth, a natural starting point for our analysis is to confirm that the effects of structural
change importantly contributed to the past productivity growth slowdown. Nordhaus (2008)
provided initial evidence to that effect based on BEA data for 1948–2001. Unfortunately, BEA
data are not ideal in the current context because they do not offer a complete series of quality
adjusted labor services by industry. Using hours data that are not quality adjusted leads to a con-
ceptual problem when conducting counterfactuals that reallocate workers among sectors with
different average human capital. In effect, it requires the assumption that a reallocated worker
immediately adjusts her human capital to the new sector’s average level, which is unpalatable.
We therefore use WORLD KLEMS data, which offer quality-adjusted labor services by indus-
try for the U.S. during 1947–2017. Quality adjusted labor services are the sum of raw hours
of different labor categories weighted with their relative rental prices. Since WORLD KLEMS
ends 2017, we extend the relevant statistics until 2019 using the BEA–BLS Industry Level Pro-
duction Accounts. In doing so, we follow the methodology behind the data construction of
WORLD KLEMS that Jorgenson et al. (2013) describe.

2.1 Productivity Accounting Framework

In this subsection, we derive the relationship between productivity growth at the aggregate and
the sectoral level and use it to assess the quantitative importance of cost disease in the postwar
U.S. by calculating the counterfactual aggregate productivity growth without structural change.
We employ the two most common measures of productivity: total factor productivity (TFP)
and labor productivity. We derive the key relationships in continuous time because that is more
convenient. We then approximate them in discrete time because that is required for the data
work. Our derivation draws on the productivity accounting framework of Nordhaus (2001).

We start by deriving some basic accounting relationships akin to what is familiar from
aggregate growth accounting. This will serve to obtain relationships between the growth of
aggregate and sectoral TFP and of aggregate and sectoral labor.

There are N sectors that produce sectoral value added, Ynt, from sectoral capital, Knt, and
sectoral labor, Hnt, according to a constant-returns-to-scale sectoral technology Fn:

Ynt = AntFn(Knt,Hnt), (1)

where Ant is sectoral TFP and n ∈ {1, . . . ,N}. Aggregate value added (GDP) is a composite of
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sectoral value added according to a constant-returns-to-scale aggregator F:

Yt = F(Y1t, . . . ,YNt). (2)

Assuming perfect competition, the first-order conditions of the representative sectoral firms are:

PntAnt
∂Fn(t)
∂Knt

= Rnt, (3a)

PntAnt
∂Fn(t)
∂Hnt

= Wnt, (3b)

Pt
∂F(t)
∂Ynt

= Pnt, (3c)

where Pnt is the price of value added from sector n, Rnt and Wnt are the rental prices of capital
and labor, and Pt is the price level of GDP.

We derive the relationships between TFP growth and labor growth in three steps. First,
differentiating the log of (1) with respect to time and using (1) and (3a)–(3b), we obtain:

Ẏnt

Ynt
=

Ȧnt

Ant
+

RntKnt

PntYnt

K̇nt

Knt
+

WntHnt

PntYnt

Ḣnt

Hnt
. (4)

Second, differentiating the log of (2) with respect to time and using (2) and (3c), we obtain:

Ẏt

Yt
=

N∑
n=1

PntYnt

PtYt

Ẏnt

Ynt
. (5)

Third, combining (4) and (5) yields the familiar growth-accounting expression at the aggregate
level:

Ẏt

Yt
=

Ȧt

At
+

RtKt

Yt

K̇t

Kt
+

WtHt

Yt

Ḣt

Ht
, (6)

where

Ȧt

At
≡

N∑
n=1

PntYnt

PtYt

Ȧnt

Ant
, (7a)

K̇t

Kt
≡

N∑
n=1

RntKnt

RtKt

K̇nt

Knt
,

Ḣt

Ht
≡

N∑
n=1

WntHnt

WtHt

Ḣnt

Hnt
, (7b)

Rt ≡

∑N
n=1 RntKnt

Kt
, Wt ≡

∑N
n=1 WntHnt

Ht
. (7c)

In words, aggregate TFP growth is a weighted average of sectoral TFP growth where the
weights are the shares of sectoral value added in aggregate value added. Aggregate labor growth

5



is a weighted average of sectoral labor growth where the weights are the shares of the sectoral
payments to labor in the aggregate payments to labor.

Next, we derive the relationship between aggregate and sectoral labor productivity growth,
which are defined as:

˙LPt

LPt
=

Ẏt

Yt
−

Ḣt

Ht
, (8)

˙LPnt

LPnt
=

Ẏnt

Ynt
−

Ḣnt

Hnt
. (9)

Using (5), (7b), and (8)–(9), we obtain:

˙LPt

LPt
=

N∑
n=1

PntYnt

PtYt

Ẏnt

Ynt
−

N∑
n=1

WntHnt

WtHt

Ḣnt

Hnt

=

N∑
n=1

PntYnt

PtYt

˙LPnt

LPnt
−

N∑
n=1

(
WntHnt

WtHt
−

PntYnt

PtYt

)
Ḣnt

Hnt
. (10)

Aggregate labor productivity growth has two components. The first component is analogous
to TFP growth, that is, a weighted average of sectoral labor productivity growth where the
weights are the shares of sectoral value added. It captures how aggregate productivity growth
is affected by the allocation of labor to sectors with different growth rates of labor productivity.
For example, average productivity growth is larger if more labor is allocated to a sector with a
higher than average rate of productivity growth. The second component is a weighted average
of the growth rates of sectoral labor where the weights are the differences between the sectoral
shares of value added and of labor compensation. It captures how aggregate productivity growth
is affected by the reallocation of labor among sectors with different levels of labor productivity,
as measured by PntYnt/(PtYt) − WntHnt/(WtHt). For example, average productivity growth is
larger in a period in which labor is reallocated to a sector with a higher than average level of
productivity. This term is absent for aggregate TFP.

2.2 Measuring the Effect of Structural Change on the Growth of U.S. Pro-
ductivity

To prepare for the data work to follow, we now approximate the continuous-time expressions
of aggregate productivity growth in discrete time. Growth rates become log differences so that
the growth rate of a generic variable X is given by:

∆ log Xt ≡ log Xt − log Xt−1. (11)
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Shares become averages of shares over two adjacent periods:

S (PntYnt) ≡
1
2

(
Pnt−1Ynt−1

Pt−1Yt−1
+

PntYnt

PtYt

)
,

S (WntHnt) ≡
1
2

(
Wnt−1Hnt−1

Wt−1Ht−1
+

WntHnt

WtHt

)
.

The discrete-time equivalents of expressions (7a) and (10) then are:

∆ log At ≡

N∑
n=1

S (PntYnt)∆ log Ant, (12)

∆ log LPt =

N∑
n=1

[
S (PntYnt)∆ log LPnt +

(
S (PntYnt) − S (WntHnt)

)
∆ log Hnt

]
. (13)

We are now ready to measure the effect of structural change on productivity growth. We
start with TFP growth. The counterfactual TFP growth without structural change follows by
assuming that the shares of sectoral value added would not have changed. Replacing S (PntYnt)
in equation (12) by S (Pn0Yn0) from the initial period, we obtain

∆ log At(counterfactual) ≡
N∑

n=1

S (Pn0Yn0)∆ log Ant. (14)

We continue with labor-productivity growth. Without structural change, the shares of sectoral
labor would not have changed either and sectoral labor would have grown like aggregate labor.
Replacing S (PntYnt) with S (Pn0Yn0) and ∆ log Hnt with ∆ log Ht in equation (13), we obtain:

∆ log LPt(counterfactual) =

N∑
n=1

[
S (Pn0Yn0)∆ log LPnt +

(
S (PntYnt) − S (WntHnt)

)
∆ log Ht

]
=

N∑
n=1

S (Pn0Yn0)∆ log LPnt. (15)

The second equality follows because the shares add up to one:

N∑
n=1

S (PntYnt) =

N∑
n=1

S (WntHnt) = 1.

An obstacle to connecting (14)–(15) to the data is that average human capital generally dif-
fers across sectors. It is then unclear what human capital counterfactual one ought to assign to
workers when one constructs a counterfactual that reallocates them across sectors. We address
this issue by expressing labor productivity in terms of efficiency units of labor that control for
the effect of differences in sectoral human capital on labor productivity. We can then reallocate
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efficiency units without the need to specify what happens to the average human capital of re-
allocated workers. Note that expressing labor productivity in terms of efficiency units has the
added advantage that the human capital produced in the education sector affects total efficiency
units in the economy but not labor productivity in other sectors.

Calculating counterfactual labor productivity growth requires us to specify the value-added
shares of the initial period. To smooth out business-cycle fluctuations of the sectoral shares, we
take averages over the first five postwar shares:

S (Pn0Yn0) ≡
1952∑

t=1948

S (PntYnt)
5

.

We then evaluate the effect of structural change on productivity during the seven decades falling
into the time period 1949–2019. The effect of structural change on the level of labor productiv-
ity at the end of the sample is also informative, as it reflects the accumulated effects on the labor
productivity growth rates. To calculate the final productivity level, we normalize the produc-
tivity level in 1949 to one and accumulate the corresponding growth rates over the following
seventy years.

We implement the previous results on U.S. data during 1949–2019. The raw data for 1947–
2014 are from WORLD KLEMS and they contain information about real value added and
efficiency units. We extend the data until 2019 using the BEA-BLS Industry Level Production
Accounts. WORLD KLEMS has 65 industries while the BEA–BLS data has only 63 industries.
To make the industry structure of the two data sets consistent we aggregate the relevant four
industries into two industries in WORLD KLEMS. As a result, we have information for 63
industries implying that N = 63 in the previous formulas.

Table 1 shows the results for TFP growth. The upper part reports growth rates in percent and
the lower part reports levels. The third column report the actual TFPs with structural change.
The fourth column reports the counterfactual TFP without structural change. The last column
reports the difference between the two.

The main finding of the table is that the overall effect of structural change on aggregate pro-
ductivity growth has been sizeable. In particular, the last column of the row 1949–2019 shows
that without structural change, average annual TFP growth would have been 0.24 percentage
points larger than it actually was. After seven decades, this leads to a 0.27 percentage points,
or 18%, higher TFP level in 2019. To put these numbers into perspective, note that Jones and
Vollrath (2013, page 236) estimate the drag of natural resources on the annual growth rate of
postwar U.S. GDP per capita to have been 0.31 percentage points, which is not that much bigger
than the drag of structural change on the growth rate of TFP.

An additional finding of the table is that the effect of structural change differs widely across
subperiods. The largest drag on TFP growth is 0.48 pp during 1979–1989. Moreover, by and
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Table 1: The Effects of Structural Change on TFP in the Postwar U.S.

With Without Without
Struct. Change −With

1949–2019 0.57 0.81 0.24
1949–1959 1.00 1.08 0.09
1959–1969 1.10 1.30 0.21

Growth Rates 1969–1979 0.35 0.53 0.17
(in %) 1979–1989 0.28 0.76 0.48

1989–1999 0.50 0.84 0.34
1999–2009 0.25 0.51 0.26
2009–2019 0.48 0.61 0.13

Levels 1949 1.00 1.00 0.00
2019 1.49 1.76 0.27

large, the drag on TFP growth follows an inverted U-shape. These findings are interesting for
two reasons. First, the 1970s and 1980s were the main decades of the productivity growth slow-
down that has received so much attention in the literature. We find that structural change was a
major contributor to the productivity growth slowdown. While actual TFP growth slowed from
1.10% in the 1960s to 0.35% in the 1970s and 0.28% in the 1980s, counterfactual TFP growth
slowed from 1.30% in the 1960 to 0.53% but then sped up again to 0.76%. In other words, with-
out structural change, the productivity growth slowdown would have been considerably milder
and shorter. Second, the inverted U-shape implies that the growth drag of structural change
has been subsiding in recent decades. This suggests that the productivity drag is not getting
progressively worse, implying that Baumol’s “apocalyptic” scenario of ultimate near-zero pro-
ductivity growth has not been born out of the data so far. Our analysis in the model part will
reach a similar conclusion for the future.

We now turn to the effect of structural change on labor-productivity growth. Labor pro-
ductivity growth is of interest because calculating it requires less information than calculating
TFP growth, implying that often labor productivity growth is all that is available. Moreover,
structural change is driven by changes in aggregate income and in relative sectoral prices, both
of which are determined by sectoral capital accumulation in addition to sectoral TFP growth.
Since sectoral labor-productivity growth reflects both, it summarizes the driving forces of in-
come and relative prices.

Table 2 shows that actual labor-productivity growth is larger than TFP growth; over the
whole period, labor productivity grew by 1.51% whereas TFP grew by only 0.57%. This is
expected because labor productivity growth reflects capital accumulation in addition to TFP
growth. The table also shows that the effect of structural change is larger on TFP growth than
on labor-productivity growth. Moreover, two subperiods are outliers with a positive effect of
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structural change on productivity growth. Particularly striking are the 1970s during which
structural change increased productivity growth by 0.2 percentage points. This unexpected
finding is likely to be caused by the large increase in the prices of primary inputs after the
oil price shocks in the 1970s, which seems to have reduced most strongly the value added of
industries that shrink with structural change. Be that as it may, over the whole period, the
growth drag of structural change is 0.16 for labor-productivity growth compared to 0.24 for
TFP growth. While this may seem somewhat surprising, closer inspection reveals two reasons
for it. First, it turns out that many industries with lower than average labor-productivity growth
have higher than average labor-productivity levels, implying that the direct effect of uneven
sectoral labor-productivity growth on aggregate productivity growth is dampened by the indirect
effect of uneven labor-productivity levels; see the discussion after expression (10). Note that
over time the importance of such dampening declines, as sufficiently many years of relatively
low sectoral labor-productivity growth erode relatively high initial sectoral labor-productivity
levels. Second, it also turns out that many industries with lower than average labor-productivity
growth have higher than average capital-to-labor growth. This means that labor-productivity
growth exceeds TFP growth for industries with relatively low TFP growth, which reduces the
effect of structural change on labor productivity growth further.

Table 2: The Effects of Structural Change on Labor Productivity in the Postwar U.S.

With Without Without
Struct. Change −With

1949–2019 1.51 1.67 0.16
1949–1959 2.15 2.07 -0.08
1959–1969 2.40 2.55 0.15

Growth Rates 1969–1979 1.44 1.24 -0.20
(in %) 1979–1989 1.27 1.63 0.36

1989–1999 1.46 1.94 0.48
1999–2009 1.39 1.62 0.23
2009–2019 0.45 0.62 0.16

Levels 1949 1.00 1.00 0.00
2019 2.88 3.21 0.33

2.3 Discussion

The effects of structural change on the growth of TFP and labor productivity that we find are
somewhat lower than those of Nordhaus (2008), whose estimates over the period 1948–2001
came out between 0.27 and 0.89 depending on the method. There are several reason for the
difference. First, we consider the longer time period 1949–2019, and the strength of the effect
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is relative weak during the last couple of decades. Second, we consider real labor productivity
per efficiency unit whereas he considered real labor productivity per hour worked. Our labor
productivity measure thus purges the effects of differences in sectoral human-capital per hour
worked which his productivity measure contains. Lastly, we used a somewhat different measure
for the effect of structural change from him: whereas we compare the counterfactual produc-
tivity growth rates under the initial industry composition with the actual observed productivity
growth, he compared the counterfactual productivity growth rates under the initial and under
the final industry compositions with each other. This tend to increase the size of the effect be-
cause the productivity growth rates with the final industry composition tend to be smaller than
the productivity growth rates with the actual industry composition.

The fact that structural change importantly reduced productivity growth in the postwar U.S.
raises the question why the recent literature on structural change has paid relatively little at-
tention to the phenomenon. The likely reason is the strong focus of the literature on aggregate
balanced growth path (BGPs). In many models of structural change, an aggregate BGP exists
if GDP growth is measured in terms of a current numeraire. Since by construction productiv-
ity growth is constant along an aggregate BGP, it is tempting to conclude that the productivity
growth slowdown is not an issue. Duernecker et al. (2021) show that this conclusion is mis-
leading; if one measures GDP growth as it is done in the data, then the productivity growth
slowdown resulting from structural change plays an important role even along standard aggre-
gate BGPs.1 In our quantitative analysis, we therefore make sure to measure GDP and labor
productivity in the same way in the model as it is done in the WORLD KLEMS data we use.

2.4 Disaggregating Services

Assessing the future strength of the effect of structural change on productivity growth requires
a model of structural change that balances two considerations. On the one hand, a “convincing”
model ought to capture the main effects, in particular within the already sizeable services sector.
On the other hand, a “realistic” model with dozens of sectors, subsectors, and industries would
be impenetrable. As a compromise between the considerations, we propose a three-sector split
that first disaggregates the economy into the broad sectors of goods and services and then dis-
aggregate services further into the sub-sectors that have fast and slow productivity growth. We
use the standard definition of the goods sector as comprising all industries that produce tangi-
ble value added, namely, agriculture, construction, manufacturing, mining, and utilities. The
services sector comprises the remaining industries, which produce intangible value added. The
services sector with fast (slow) productivity growth contains all services industries that have av-

1In independent work, Leon-Ledesma and Moro (2020) also observed that a productivity growth slowdown
results from structural change if value added is measured as it is in the data. We will discuss their work in more
detail in Section 7 below.
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erage productivity growth above (below) the average productivity growth of the service sector
over the postwar period.2 Following Baumol et al. (1985), we call the two services subsectors
sectors “progressive” and “stagnant” services, although many stagnant services industries have
low but positive productivity growth. Table 3 lists the services industries in declining order of
their average productivity growth rates; progressive services industries are above the line and
stagnant services industries are below the line.

Several industries have negative productivity growth. It is important to realize that nega-
tive productivity growth may naturally occur for at least three reasons. First, we measure labor
productivity as value added per efficiency unit, instead of the more familiar measure of value
added per worker. It is then possible to have negative labor productivity growth according to
our measure and positive productivity growth according to the other measure. For that to hap-
pen, sectoral human capital must grow sufficiently strongly, for example because the industry
becomes more intensive in high-skilled labor and less intensive in capital. Second, tighter reg-
ulation or increased labor hoarding can generate negative productivity growth. For example,
it is often argued that it is getting increasingly expensive to construct highways because of in-
creasingly tighter regulation regarding noise generation and pollution externalities. Third, there
is widespread mismeasurement of quality improvements in the service industries. To see the
effect of mismeasurement of quality, note that nominal value added is observed. Underesti-
mating quality improvements then implies that the price is too high and the real value added is
too low. This can lead to negative measured productivity growth.3 One example with negative
productivity growth in our data is “Food services & drinking places”. To see how negative
productivity growth can happen in this industry as a result of mismeasurement, suppose that
over time high-end restaurants increasingly replace low-end restaurants. High-end restaurants
are more labor intensive and offer a higher quality product than low-end restaurants. Suppose
further that the BEA measures the increase in labor input but does not measure the increase in
the quality of the product. In that case, measured labor productivity in the industry may fall
although actual labor productivity does not.

We continue by providing two arguments in support of using our three-sector split: that it
is reasonably robust over time and that it speaks directly to differences in productivity growth.
Starting with the first argument, we split our period into the two subperiods 1947–1983 and
1983–2019 and calculate the average industry productivity growth rates in the first and the
second half of the sample. Figure 1 plots the result. The south-west (north-east) quadrant
depicts the industries that are stagnant (progressive) in both subperiods. 22 industries stayed in
their classification in both subperiods. In contrast, 15 industries changed classification between
the two subperiods: 4 industries moved from stagnant in the first subperiod to progressive in the

2Note that using the median instead of the average would not affect the classification at all.
3Note that we show below that mismeasured quality improvements do not overturn our main result, but rein-

force them.
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Table 3: Two–Sector Splits of Services

Services Industries

Progr. (0)
vs.

Stagnant
(1)

Market (0)
vs. Non-
market

(1)

Low-skill
(0) vs.

High-skill
(1)

Prod.
Growth
(in %)

Pipeline transportation 0 0 0 5.48
Broadcasting & telecommunications 0 0 0 4.74
Air transportation 0 0 0 4.50
Publishing industries, except internet (incl. software) 0 0 1 2.91
Wholesale trade 0 0 0 2.84
Securities, commodity contracts, & investments 0 0 1 2.68
Rental & leasing services & lessors of intangible assets 0 0 0 2.58
Waste management & remediation services 0 0 0 2.51
Water transportation 0 0 0 2.46
Administrative & support services 0 0 0 2.35
Rail transportation 0 0 0 2.33
Social assistance 0 1 1 2.32
Retail trade 0 0 0 2.12
Truck transportation 0 0 0 1.98
Insurance carriers & related activities 0 0 1 1.63
Performing arts, spectator sports, museums, & rel. act. 0 0 1 1.46
Management of companies & enterprises 0 0 1 1.40
Warehousing & storage 0 0 0 1.32
Motion picture & sound recording industries 0 0 1 1.29
Miscellaneous professional, scientific, & technical serv. 0 0 1 1.28

Accommodation 1 0 0 1.04
Federal government 1 1 0 0.89
Computer systems design & related services 1 0 1 0.83
Federal Reserve banks, credit intermediation, & rel. act. 1 0 0 0.79
Ambulatory health care services 1 1 1 0.69
Real estate 1 1 0 0.68
Educational services 1 1 1 0.65
Data processing, internet publishing, & other info. serv. 1 0 1 0.58
Legal services 1 0 1 0.37
Hospitals & nursing & residential care facilities 1 1 1 0.11
State & local government 1 1 1 -0.01
Amusements, gambling, & recreation industries 1 0 0 -0.06
Other transportation & support activities 1 0 0 -0.47
Food services & drinking places 1 0 0 -0.50
Other services, except government 1 0 0 -0.61
Transit & ground passenger transportation 1 0 0 -0.74
Funds, trusts, & other financial vehicles 1 0 1 -1.13

Note: Based on average annual labor productivity growth in the postwar U.S.;
37 services industries from WORLD KLEMS.
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Figure 1: Industry Productivity Growth in the First and Second Half of the Sample
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second subperiod; 11 industries moved from progressive in the first subperiods to stagnant in
the second subperiod. The figure suggests that the industries that changed classification did not
have high value added shares. That is crucial because the Törnqvist indexes of the productivity
growth rates of the progressive and stagnant services subsectors are the value-added-weighted
averages of the relevant industry growth rates. The suggestion of the figure is confirmed by
numbers: the average value added share in services value added over the entire period of the 4
industries is 5.9% and of the 11 industries is 14.9%. Thus, taken together, the 15 industries that
changed classification make up about 21% of total services value added and the 22 industries
that did not change classification make up about 79% of total services value added. In other
words, our classification is reasonably robust over time.

Turning now to the second argument, it turns out that alternative disaggregations of services
that exist in the literature are not as informative about productivity growth as our three-sector
split. To begin with, the split into traditional versus non-traditional services as suggested by
Duarte and Restuccia (2020) is based on final expenditure categories and therefore does not
directly speak to value added. Two other popular splits are market versus non–market services,
as used by the guidelines of the System of National Accounts, and high-skill- versus low-skill-
intensive services, as suggested by Buera et al. (2021).4 Although they are both based on value
added, Table 3 shows that they capture differences in productivity growth only imperfectly. In
particular, the six services industries with the fastest productivity growth and with the slowest
productivity growth are market services. Moreover, nine high-skilled services have above av-
erage productivity growth whereas ten high-skilled services have below average productivity
growth.

4We use the BEA–BLS Industry Level Production Account, 1987–2019, to construct the last two-sector split.
Industries of the high-skill-intensive services sector pay a higher share of labor compensation to skilled workers
than the services sector does on average. Skilled workers are those who have at least a college degree.
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Looking ahead, our analysis below will establish two further arguments in favor of using
our three-sector split: it leads to a demand system with sensible parameter values that are
consistent with both micro and macro evidence; it has similar out-of-sample implications for
future productivity growth as a more disaggregated sector split.

Figure 2: Postwar U.S. Productivity Growth
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2.5 Stylized Facts

Figure 2 plots for our disaggregation the average productivity growth over the preceding twenty
years in the postwar U.S.5 Two features stand out. First, there are substantial differences in sec-
toral productivity growth. Over the whole postwar period 1947–2019, average productivity
growth in goods exceeded that of services even though average productivity growth in progres-
sive services exceeded that in goods. To be precise, average annual productivity growth rates
were: 1.53% in the aggregate; 2.05% in the goods sector; 1.24% in the services sector; 2.35%
in progressive services; 0.33% in stagnant services.6 Second, there is substantial variation
across subperiods. While goods and stagnant services experienced a slowdown in productivity
growth in the 1970s, productivity growth of progressive services started to slow down at least
ten years later and mostly after 2000. Lastly, right before the Great Recession, average pro-
ductivity growth in the goods sector over the preceding twenty years had almost recovered, but

5Note that since our data start in 1947, the averages over the preceding 20 years start in 1967. Note too that
taking averages over the preceding 10, instead of 20, years would not alter the qualitative properties of the figure
overall.

6Note that the low productivity growth of stagnant services industries may in part reflect unmeasured quality
improvements; see for example Byrne et al. (2016). We initially ignore this possibility and take the numbers from
WORLD KLEMS at face value. In Subsection 6.2 below, we then show that this way of proceeding yields an
upper bound of the future productivity-growth effect of structural change. Since our main conclusion is that the
future effect of structural change on productivity growth remains limited, unmeasured quality improvements do
not overturn it.
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afterwards it started to slow down again.
At a more disaggregate level, there is even more heterogeneity: Table 3 from above shows

that the seven top performing services industries all exceeded 2.5% average annual productivity
growth whereas the bottom seven services industries all showed negative average annual labor
productivity growth. The large heterogeneity among the productivity growth in the services
sector confirms the observation of Baumol et al. (1985) that it “contains some of the economies
most progressive activities as well as its most stagnant”. In comparison, there is considerably
less heterogeneity among the productivity growth of the goods sector where only Forestry,
Fishing and Related Activities had negative average productivity growth. Since it is safe to
assume that neither one of them is going to grow much in size in the future, we choose not to
disaggregate the goods sector and instead to focus on what happens within the services sector.

We now turn to documenting the stylized facts of structural change for our disaggregation.
Figure 3 plots the sector compositions along with the relative prices and productivities in the
postwar U.S. economy. The reference year is 1947 for all graphs (that is, real value added and
labor services are expressed in 1947 dollars) and the relative prices in 1947 are normalized to
one. The upper panel is about goods versus services and shows the usual patterns: the shares
of services in employment and in value added increased; the relative price of services increased
while the relative productivity of services decreased. The lower panel is about stagnant and
progressive services and shows several new patterns: the share of stagnant services in total
services employment increased; the share of stagnant services in total services value added
increased until the 1970s and then flattened out; the relative price of stagnant services increased
over the whole period, with an acceleration after 1970s; the relative productivity of progressive
services increased over the whole period, with an acceleration after 1970s. The new patterns
will be crucial when we discipline the parameters of our model below.

3 Model

We have established that the past growth effect of structural change is quantitatively important.
We have also constructed a three-sector split that is suitable for analyzing the future growth
effect of structural change and we have established the stylized facts of structural change for
that three-sector split. We now turn to constructing a model that will help us analyze the macro
implications of structural change among the three sectors.

We note that the common term cost disease has the connotation of an inefficient outcome
that occurs in a “sick” economy and should be “cured”, if possible. A different interpretation is
that cost disease is the consequence of structural change that occurs as an efficient outcome in
a “healthy” economy. While the distinction is relevant if one is interested in welfare and policy
implications, we do not speak to it here but focus on the question of how structural change
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Figure 3: Postwar U.S. Structural Transformation
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may affect future productivity growth. While somewhat narrower, our question is interesting
in its own right in light of the lively debate about the productivity growth slowdown that we
referenced in the introduction.

3.1 Environment

The sectors produce goods, progressive services, and stagnant services and are indexed by g, p,
and u. Note that we use the index u for stagnant (“unprogressive”) services because s is taken
for aggregate services. In each sector, value added is produced with labor services:

Yit = AitHit, i = g, p, u, (16)

where Yi, Ai, and Hi denote value added, total factor productivity, and labor services in sector
i, respectively. Note that the linear specification (16) implies that sectoral TFP equals labor
productivity in our model, Ait = Yit/Hit.
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There is a measure one of identical households. Each household is endowed with a finite
number of labor services that are inelastically supplied and can be used in all sectors.

We take the value-added perspective and formulate utility over the sectoral value added
components of final expenditures, instead of over sectoral final expenditures. This is possible
because every final-expenditure bundle may be decomposed into its value-added components
via the use of input-output tables; see Herrendorf et al. (2013) for more details. Taking the
value-added perspective implies that a maintained assumption for our analysis is that the input-
output relationships that link final expenditures to value added are relatively stable over time.

The utility function consists of two nested, non–homothetic CES functions. The utility from
the consumption of goods and aggregate services, Cgt and Cst, is given by:

Ct =

α 1
σc
g C

εg−1
σc

t C
σc−1
σc

gt + α
1
σc
s C

εs−1
σc

t C
σc−1
σc

st


σc
σc−1

. (17a)

Aggregate services are given by a non–homothetic CES aggregator of the consumption from
the two service sub–sectors, Cpt and Cut:

Cst =

α 1
σs
p C

εp−1
σs

t C
σs−1
σs

pt + α
1
σs
u C

εu−1
σs

t C
σs−1
σs

ut


σs
σs−1

. (17b)

αi are weights, σi ≥ 0 are the elasticities of substitution, and εi > 0 capture income effects.
The non–homothetic CES utility functions we are using go back to the work of Hanoch

(1975) and Sato (1975) on implicitly additive utility and production functions. They have re-
cently been introduced to the literature on structural change by Comin et al. (2021). For εi = 1,
the expressions in (17) reduce to the standard CES utility that implies homothetic demand func-
tions for each consumption good. For εi , 1, the level of utility, Ct, affects the weight attached
to the consumption goods. The nested structure of (17a)–(17b) is a novel feature of our work.

The most important feature of equations (17a)–(17b) for our purposes is that the implied in-
come elasticities remain different from one even if consumption grows without bound. Boppart
(2014) and Comin et al. (2021) established that the income elasticities of goods and services
in rich countries like the U.S. remain different from one. Figure 4 establishes that the income
elasticities of our two service subsectors also remain different from one. In particular, after tak-
ing out the effects of relative prices changes on the composition of services, the figure plots the
ratio of the residual value added in the stagnant services and in the progressive services against
the aggregate value added per labor services. Clearly, there is a positive long-run slope, which
would be inconsistent with having a utility function like the Stone Geary that converges to a
homothetic CES utility function as consumption expenditure grow without limit.
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Figure 4: Persistent Income Effects within Services

Note: Residuals on the y-axis are from regressing the log difference of nominal value added of stagnant services
and progressive services on the corresponding log difference of prices. Residuals on the x-axis are from regressing 
the log of aggregate real value added per labor services on the same log difference of prices.
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Partial correlation between relative value added within services
and aggregate labor productivity

We complete the description of the environment with the resource constraints:

Cit ≤ Yit, i = g, p, u, (18a)∑
i=g,p,u

Hit ≤ Ht. (18b)

3.2 Discussion

Our model abstracts from investment and international trade. One implication is that by con-
struction GDP equals consumption and the features of preferences shape the reallocation among
sectors. How suitable a model with this feature is for answering our question depends on
whether it can match the sectoral reallocation within GDP. Below, we will confirm the result
of previous work that it can deliver this match, at least for the U.S. In particular, the long-run
trends in the changes of the sectoral shares within consumption and investment are similar,
the trade share is small, and the economy is close to a BGP. As a result, one can find a pref-
erence specification which captures structural change in GDP without separately considering
investment and international trade.

Liberalizations of international trade lead to productivity growth, because they imply access
to the most advanced technologies. The exogenous sectoral labor productivity processes that we
feed into our model will reflect the productivity effect of liberalizations of international trade.
What our model does not capture is that international trade may lead to differences between the
sectoral value added that the domestic economy produces and the sectoral value added that it
absorbs. This is not likely to be of first-order importance when the trade share is as small as it
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is in the U.S.

3.3 Equilibrium Analysis

In the data, the nominal labor productivities per efficiency unit are not equalized across sectors,
which leads to contemporaneous effects of structural change on aggregate productivity. To
capture them, we introduce a sector-specific wedge τit that firms pay per unit of wage payments
and that is rebated to households through a lump-sum transfer. In particular,

Tt =
∑

i=g,p,u

τitWtHit,

where Wt denotes the economy-wide wage per unit of labor services. With the wedge, the
problem of firm i = g, p, u becomes:

max
Hit

PitAitHit − (1 + τit)WtHit.

The first–order conditions imply that

Pit

Pgt
=

(1 + τit)Agt

(1 + τgt)Ait
, i = p, u. (19)

Combining this with the specification of the production function in (16), we obtain:

PitCit/Hit

PgtCgt/Hgt
=

1 + τit

1 + τgt
, i = p, u. (20)

As intended, the wedges imply gaps between the nominal sectoral labor productivities; a sector
with a relatively large wedge has relatively large labor productivity. Note that, as usual, only
relative wedges matter. We will therefore set τgt = 0 in the quantitative part of our analysis.

To solve the household problem, we split it into two “layers”. The outer layer of the problem
is about allocating a given Ct between Cgt and Cst. Solving the outer layer amounts to:

min
Cgt ,Cst

PgtCgt + PstCst s.t.

α 1
σc
g C

εg−1
σc

t C
σc−1
σc

gt + α
1
σc
s C

εs−1
σc

t C
σc−1
σc

st


σc
σc−1

≥ Ct, Ct given,

Appendix B.2 shows that the first–order conditions imply:

PstCst

PgtCgt
=
αs

αg

(
Pst

Pgt

)1−σc

Cεs−εg
t , (21a)

Pt =
(
αgC

εg−1
t P1−σc

gt + αsC
εs−1
t P1−σc

st

) 1
1−σc , (21b)
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where Pt is the aggregate price index and PtCt ≡
∑

i=g,p,u PitCit.
The inner layer of the household problem is about allocating a given Cst between Cpt and

Cut. Solving the inner layer amounts to:

min
Cpt ,Cut

PptCpt + PutCut s.t.

α 1
σs
p C

εp−1
σs

t C
σs−1
σs

pt + α
1
σs
u C

εu−1
σs

t C
σs−1
σs

ut


σs
σs−1

≥ Cst, Ct,Cst given.

Note that in solving the inner problem, Ct is taken as given. Appendix B.1 shows that the
first–order conditions imply that

PutCut

PptCpt
=
αu

αp

(
Put

Ppt

)1−σs

Cεu−εp
t , (22a)

Pst =
(
αpC

εp−1
t P1−σs

pt + αuC
εu−1
t P1−σs

ut

) 1
1−σs . (22b)

where Pst is the price index of services.
The solutions to the minimization problem make economic sense only if the consumption

index Ct = C(Cgt,Cpt,Cut) that follows by substituting (17b) into (17a) satisfies the basic regu-
larity conditions such as monotonicity and quasi-concavity. To ensure that this is the case, we
restrict the parameters as follows:

Assumption 1

• If σc < 1, then σc < min{εg, εs} and εs > 1. If σc > 1, σc > max{εg, εs} and εs < 1.

• If σs < 1, then σs < min{εp, εu}. If σs > 1, then σs > max{εp, εu}.

Proposition 1 The expenditure function

Et(Cgt,Cpt,Cut,Ct) (23)

≡ PtCt =

αgC
εg−σc
t P1−σc

gt + αsC
εs−σc
t

(
αpC

εp−1
t P1−σs

pt + αuC
εu−1
t P1−σs

ut

) 1−σc
1−σs


1

1−σc

.

is continuous, strictly increasing, concave, homogenous of degree one and differentiable in

prices if prices are strictly positive. If Assumption 1 holds, then the expenditure function is also

strictly increasing in Ct.

Proof in Appendix B.2.
The fact that Et is strictly increasing in Ct implies that there a one-to-one mapping between

Ct and Et. Hence, standard duality theory implies that the regularity conditions of Et from the
previous proposition carry over to Ct:

Corollary 1 The utility function Ct is strictly increasing in Cit and is quasi–concave.
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3.4 Equilibrium Dynamics

Although it is impossible to solve for the equilibrium dynamics in closed form, we are able to
characterize the qualitative behavior of the model. We begin with structural change between
goods and services. Since the model is formulated in discrete time, it is convenient to use
growth factors, which we denote by “hats”. For a generic variable Xt:

X̂t ≡
Xt+1

Xt
= 1 + ∆ log Xt,

where ∆ log Xt is the growth rate defined in Subsection 2.2 above. Dividing (21a) for periods
t + 1 and t by each other, we obtain:

(
PstCst

PgtCgt

)∧

=

(
Pst

Pgt

)∧1−σc

Ĉt
εs−εg

. (24)

The first term on the right–hand side is the relative price effect and the second term is the
income effect. Note that the latter depends only on the difference εs − εg, implying that the two
εi will not be separately identified in our calibration and estimation exercises. Thus, we have to
normalize one of them in such a way that we do not violate Assumption 1 given the choice of
the other parameters.

We make the standard assumptions that goods and aggregate services are complements,
goods are necessities, and services are luxuries:7

Assumption 2 0 < σc < 1 and εs − εg > 0.

Expression (24) shows that our model then generates the observed structural change from goods
to services if Pst/Pgt and Ct both grow. Moreover, if Pst/Pgt and Ct both keep growing, then it
we get the usual result from the structural change literature that the services sector takes over
the economy in the limit.8

We continue with the structural change between the two services subsectors. Combining
equations (20) and (22a), we obtain:

(
PutCut

PptCpt

)∧

=

(
Put

Ppt

)∧1−σs

Ĉt
εu−εp

. (25)

Figure 5 shows the behavior of the relative expenditure and price of stagnant to progressive
services. To generate this behavior, we assume that the two service subsectors are substitutes,
progressive services are a necessity, and stagnant services are a luxury:

7See for example Echevarria (1997), Ngai and Pissarides (2007), and Herrendorf et al. (2013). Our calibration
and estimation exercises below will generate parameter values that are consistent with this assumption.

8Our calibration below will generate parameter values that are consistent with Pst/Pgt and Ct both growing.
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Figure 5: Relative Prices and Relative Expenditures in Services
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Assumption 3 1 < σs and εu − εp > 0.

Since Put/Ppt increases over time, Assumption 3 implies that the relative price effect, which
is the first term on the right–hand side of equation (25), increases the expenditure of progres-
sive relative to stagnant services. In contrast, the income effect, which is the second term on
the right–hand side, increases the relative expenditure of stagnant services. The net effect is
analytically ambiguous.

In the next sections, we will provide evidence from micro estimations and a macro calibra-
tion supporting the features in Assumptions 3. Here, we build some initial intuition for why
they are required to replicate the patterns of structural change within the service sector. Figure
5 shows that until around 1970 the price of stagnant relative to progressive services increased
along with the expenditure ratio of stagnant relative to progressive services. After 1970, the
increase in the relative price accelerated while the expenditure ratio flattened out. The model is
consistent with the patterns before and after 1970 if stagnant services are luxuries, progressive
services are necessities, and the two services are substitutes. The different income elasticities
then imply that the increasing Ct increases the ratio of stagnant over progressive services over
the whole period. The substitutability implies that the increasing Put/Ppt decreases their ratio
over the whole period. To replicate the observed pattern, the first effect must dominate before
1970 and the two effects must offset each other after 1970. That is consistent with the fact that
after 1970 the increase in the relative price of stagnant to progressive services accelerates so
that the substitution effect becomes stronger.

Alternative parameter constellations are not able to generate the observed patterns. In par-
ticular, if the two services are substitutes as above, then making stagnant services necessities
and progressive services luxuries would imply that both effects decrease PutCut/ PptPpt, which
would be counterfactual because the ratio first increases and then flattens out. That leaves the
case in which the two services are complements. To see why it cannot work either, we first as-
sume that stagnant services are luxuries and progressive services are necessities. The increases
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in Ct and in Put/Ppt would then both increase PutCut/PptPpt over the whole sample. Since the
increase in Put/Ppt is stronger after 1970 while the increase in Ct is similar, PutCut/PptPpt would
increases more after 1970 than before. That would be counterfactual because the ratio flattens
out instead in the data. Next, we assume that stagnant services are necessities and progressive
services are luxuries. The increase in Put/Ppt would again increase PutCut/PptPpt whereas the
increase in Ct would now decrease PutCut/PptPpt over the whole sample. Since PutCut/PptPpt

increased before 1970, the effect of Put/Ppt must have dominated the effect of Ct before 1970.
Since the increase in Put/Ppt is stronger after 1970 while the increase in Ct is similar, the effect
of Put/Ppt would dominate more after 1970 than before. As a result, PutCut/PptPpt would again
increase more after 1970 than before, which would be counterfactual.

In the long run, we can go further and characterize analytically what happens within the ser-
vices sector. In preparation of our main theoretical result, we introduce the following notation
for expenditure shares:

χit ≡
PitCit

PgtCgt + PstCst
, i ∈ {g, s},

χ jt ≡
P jtC jt

PutCut + PptCpt
, j ∈ {p, u}.

To be able to derive a sharp analytical result, we impose that χgt = 0 and χst = 1. This is
innocuous because limt→∞ χgt = 0 in our model. To obtain the analytical result, we also impose
that the wedges be zero. We will reintroduce them in the quantitative analysis conducted below
and show that the analytical result survives. Appendix B.3 proves:

Proposition 2 Let χst = 1, τut = τpt = 0, and Âut = Âu and Âpt = Âp be constant. If the

parameters satisfy Assumptions 2–3, then for all Âp > 1 there is a unique Â∗u ∈
[
1, Âp

)
such

that:

• For all Âu ∈
(
0, Â∗u

)
, limt→∞ χpt = 1 and limt→∞ L̂Pt = Âp.

• For Âu = Â∗u, χut and χpt are constant and limt→∞ L̂Pt ∈
[
Â∗u, Âp

]
.

• For all Âu ∈
(
Â∗u, Âp

)
, limt→∞ χut = 1 and limt→∞ L̂Pt = Âu.

The key implication of the proposition is that the productivity growth factor is strictly above
one in the limit: L̂Pt ≥ Â∗u > 1. The reason is as follows. The progressive services sector takes
over the model economy in the limit if the productivity growth of the stagnant services sector
is sufficiently weak, that is, Âu < Â∗u. The stagnant services sector takes over the economy in
the limit only if its productivity growth is sufficiently strong, that is, Â∗u < Âu < Âp. In other
words, given Assumptions 2–3, Proposition 2 rules out Baumol’s apocalyptic scenario that the
stagnant services sector has almost zero productivity growth and takes over the economy.

24



To build intuition for the result of the proposition, consider what happens for a given Âp

when one lowers Âu. The income effect in favor of stagnant services becomes weaker because
Ĉt falls; the substitution effect against stagnant services becomes stronger because Put/Ppt rises.
Therefore, both effects work in the same direction and against Cut and in favor of Cpt. If Âu is
low enough, that is, Âu < Â∗u < Âp, then the combined effect is strong enough to drive χut to
zero and have Cpt take over the economy.

Importantly, the result of the proposition holds for any value of the productivity growth
factor of progressive services larger than one, any positive value of the difference between
the income elasticities of stagnant and progressive services, and any value of the elasticity of
substitution between stagnant and progressive services larger than one. This is noteworthy
because the effects that result from the non-homotheticity of preferences are persistent in our
model, implying that the difference between the income elasticities of stagnant and progressive
services does not converge to zero in the limit. Nonetheless, the proposition shows that even if
the difference in the income elasticities is arbitrarily large, there is always a positive productivity
growth rate threshold of stagnant services below which progressive services take over. Note
that in standard models with Stone Geary preferences, such a result would be entirely expected
because in the limit the difference between the income elasticities would converge to zero, the
utility function would become homothetic, and only the substitution effect would operate. In
that case, progressive services will trivially take over in the limit if both services are substitutes.

We note that our Proposition 2 differs from Proposition 1 of Comin et al. (2021). In par-
ticular, they have one non-homothetic CES aggregator of consumption categories with one
elasticity of substitution. They assume that the elasticity of substitution between the consump-
tion categories is smaller than one, that is, the consumption categories are complements.9 In
contrast, we have two nested non-homothetic CES aggregators and we allow the elasticities of
substitution in the outer and inner nests to differ from each other. We find that the best match to
the data is complementarity in the outer nest between goods and services and substitutability in
the inner nest between stagnant and progressive services. In other words, while our outer nest is
a special case of the specification with three consumption categories of Comin et al. (2021), our
inner nest is distinct because the two services are substitutes. The purpose of our Proposition 2
is to characterize the limiting dynamics under substitutability in the inner nest. Our key result
is that the substitutability in the inner nest puts a limit on how unproductive the services sector
can be that takes over in the limit.

9Note that this is revealed in the proof of the proposition although it is not explicitly contained in the statement
of the proposition.
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4 Micro Evidence

Since the parameter constellation within services is key for the main result of our paper, and
since we are not aware of existing micro evidence to support it, we now provide some micro
evidence ourselves. We use quarterly data for the period 1999–2015 on household consumption
expenditures from the CEX. Every household in the CEX is interviewed for up to four consec-
utive quarters. We apply standard selection criteria and consider urban households with heads
between 25–65 years of age who have participated in all four interview rounds.10 To account
for top coding and outliers we drop households at the bottom and the top 5% of the income and
the expenditure distributions. The total number of remaining observations is 87,017.

To be consistent with the formulation of our model, we adopt the value-added representation
of expenditures and prices. Hence, we follow Buera et al. (2021) and use the input-output
tables to translate observed consumption expenditure into value added. Since, total household
expenditures and household’s relative prices are likely to be endogenous, we follow Comin et al.
(2021) and instrument with the household’s income quintile, the household’s after-tax income,
and a “Hausman”-type relative-price instrument that uses price information from other regions
than that of the household. According to Comin et al. (2021), “These price instruments capture

the common trend in U.S. prices while alleviating endogeneity concerns due to regional shocks

(and measurement error of expenditure)”.

4.1 Reduced-Form Estimation

The first natural step is to obtain reduced-form estimates of the slopes of the household-level
Engel curves. These slopes are not identical to the εi in the model because the preferences
we use do not aggregate in general and because consumption expenditure, which we use in
the estimation, are not equal to GDP, which we use in the calibration. Nonetheless, the Engel
curves are informative about the qualitative features of the underlying income effects. We
follow Aguiar and Bils (2015) and estimate the following models:

log(Yn
it) = αi + βi log(En

t ) + γiZn
t + νn

it, (26)

where n is the household superscript and the subscript i ∈ {g, s, p, u} indicates goods, services,
and progressive and stagnant services, respectively. En

t is total household income and Zn
t is a

vector of demographic variables including age, number of earners, and household size. The pa-
rameters of interest are the βi, which measure the income elasticities of household expenditures
of category i. We consider two different dependent variables: (a) the log of total household
expenditure on good i: log(Yn

it) = log(Pn
itC

n
it); (b) the log deviation of total household expen-

10Aguiar and Bils (2015) and Comin et al. (2021) proceed in a similar way.
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diture on good i from average expenditure on good i across all households in the same time
period: log(Yn

it) = log(Pn
itC

n
it) − log(P̄itC̄it), which is the specification used by Aguiar and Bils.

We estimate (26) by the Generalized Methods of Moments and by Instrumental Variables. The
set of instruments includes the same variables as above.

The estimation results are in Table 4. Across all specifications, we obtain the robust result
that βs > βg and that βu > βp. In other words, the micro data confirm that services and stagnant
services are luxuries and goods and progressive services are necessities. This is exactly what
we concluded above from interpreting the macro evidence.

Table 4: Results of Reduced-form Estimation

(1) (2)

Panel (a): Dependent variable is log(Pn
itC

n
it)

IV GMM IV GMM

βg 0.76 0.77 0.77 0.78
(0.003) (0.005) (0.003) (0.005)

βs 1.08 1.08 1.08 1.08
(0.001) (0.002) (0.001) (0.002)

βp 1.03 1.04 1.07 1.07
(0.003) (0.005) (0.003) (0.004)

βu 1.18 1.16 1.12 1.12
(0.005) (0.008) (0.004) (0.007)

Panel (b): Dependent variable is log(Pn
itC

n
it) − log(P̄itC̄it)

βg 0.74 0.75 0.77 0.78
(0.003) (0.005) (0.003) (0.005)

βs 1.02 1.05 1.08 1.08
(0.002) (0.004) (0.001) (0.002)

βp 1.01 1.04 1.07 1.06
(0.003) (0.005) (0.003) (0.004)

βu 1.06 1.06 1.12 1.12
(0.005) (0.007) (0.004) (0.006)

Household controls Y Y
Region fixed effects N Y
Year fixed effects N Y
Quarter fixed effects N Y

Note: SE clustered at household level; 87,017 observations.

4.2 Structural Estimation

Next, we use the model to derive structural estimation equations. We choose αs = 1 − αg,
αp = 1 − αu, and εg = εp = 1. Note that the resulting parameter values will satisfy Assumption
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1. Taking logs of (21a) and (22a) then gives:

log(Pn
stC

n
st) = log

(
1 − αg

αg

)
+ (1 − σc) log(Pn

st) − (1 − σc) log(Pn
gt) + (εs − 1) log(Cn

t )

+ log(Pn
gtC

n
gt) + βsXn

t + δsr + δst + νn
st, (27)

log(Pn
utC

n
ut) = log

(
1 − αp

αp

)
+ (1 − σs) log(Pn

ut) − (1 − σs) log(Pn
pt) + (εu − 1) log(Cn

t )

+ log(Pn
utC

n
ut) + βuXn

t + δur + δut + νn
ut, (28)

where n is the household superscript, Xn is the vector of household characteristics, δr and δt

denote region and time fixed effects, and νn
i is the error term. We include in the vector Xn

variables related to age, household size, and the number of earners. We allow for time fixed
effects to absorb aggregate consumption shocks. The underlying assumption is that household
heterogeneity in time-invariant demand can be fully explained by Xn and δr.

All variables of the right-hand side of (27)–(28) except for Pst and Ct are observable. (22b)
implies that Pst is a function of observables and of Ct. This leaves Ct as the only unobservable
variable. It is important to realize that Ct is the consumption index implied by the model and is
not in general equal to real consumption expenditures from the data.11 A natural strategy to deal
with this issues is to add the CES aggregator from the model, (17a), as an estimation equation:

Ct =

(
α

1
σc
g (PgtCgt)

σc−1
σc P

1−σc
σc

gt + (1 − αg)
1
σc C

εs−1
σc

t (PstCst)
σc−1
σc P

1−σc
σc

st

) σc
σc−1

. (29)

We estimate (22b) together with (27)–(29) together. Importantly, our estimation strategy ex-
plicitly treats the consumption index Ct and expenditures Et as different objects.

Table 10 in Appendix C reports the estimation results. Across all specifications, we obtain
the robust result that εs−εg > 0, εu−εp > 0, and that they are statistically different from zero.12

Thus, services and stagnant services are again luxuries and goods and progressive services are
again necessities. We also obtain the robust result that σc < 1 < σs and that they are statistically
different from one, that is, goods and services are complements and progressive and stagnant
services are substitutes. This is exactly what we concluded above from interpreting the macro
evidence. We now show that the same patterns also result from a rigorous macro calibration.

11The working-paper version of this paper shows formally that the two indexes are different objects when the
utility is non–homothetic, implying that their growth factors cannot directly be compared to each other.

12We have also tried other combinations of the fixed effects than those reported in the table but found that the
results are broadly unchanged.
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5 Quantitative Analysis

5.1 Calibration

We make the following normalizations: Ag,1947 = Pi,1947 = 1 for i = g, p, u and τgt = 0 for
t = 1947, ..., 2019. We choose the other two wedges to match the observed relative nominal
labor productivities according to equation (20):

˜VAit/Hit

˜VAgt/Hgt

= 1 + τit, i = p, u, t = 1947, ..., 2019, (30)

where VA jt ≡ P jtY jt is nominal value added in sector j and a tilde denotes an observation from
the data. The upper left panel of Figure 6 shows the resulting wedges.

The normalizations Ag,1947 = Pg,1947 = 1 imply that nominal and real labor productivity of
the goods sector equal one in 1947:

VAg,1947

Hg,1947
=

Yg,1947

Hg,1947
= 1.

We choose {Agt}t=1948,...,2019 to match the observed growth of the real labor productivity of the
goods sector after 1947 according to equation (16):

˜Ygt+1/Hgt+1

˜Ygt/Hgt

=
Agt+1

Agt
, t = 1947, ..., 2019. (31)

We choose the other two sectoral TFPs, {Ait}t=1947,...,2019 for i = p, u, to match the observed
relative prices. Using equation (19), the wedges, and the normalizations Ag,1947 = Pi,1947 = 1,
this gives:

P̃it

P̃gt

= (1 + τit)
Agt

Ait
, i = p, u, t = 1947, ..., 2019. (32a)

The upper right panel of Figure 6 plots the implied sectoral TFPs.
Combining (30) with (32) shows that the previous choices imply we have matched relative

real productivities:

Ỹit/Hit

˜Ygt/Hgt

=
˜VAit/Hit

˜VAgt/Hgt

P̃gt

P̃it

, i = p, u, t = 1947, ..., 2019. (33)

Given the normalizations, (31) implies we have matched real labor productivity in the goods
sector in all years. Therefore, we have matched real labor productivity in all sectors and years.

We are left with ten parameters to calibrate: the four relative weights {αg, αs, αp, αu}, the
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Figure 6: Implications of the Calibration
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two elasticities {σs, σc}, and the four parameters governing the income effects {εg, εs, εp, εu}.
As in the structural estimation, we normalize εg and εp, making sure that the choices satisfy
Assumption 1. We also impose that αs = 1 − αg and αu = 1 − αp.

This leaves six parameters, {αg, αp, σs, σc, εs, εu} to calibrate. We calibrate them by jointly
targeting the two nominal-value-added ratios given by (21a) and (22a) in all years:

VAst

VAgt
=
αs

αg

(
(1 + τst)Agt

Ait

)1−σc

Cεs−εg
t , (34)

VAut

VApt
=
αu

αp

(
(1 + τut)Apt

(1 + τpt)Aut

)1−σs

Cεu−εp
t , t = 1947, ..., 2019. (35)

To be precise, we choose the six parameters to minimize the squared deviations of VAit/VA jt

from ˜VAit/VA jt. When solving for the right-hand-side ratios, we take into account that the
consumption index is given by (17a) and we impose that sectoral labor services satisfy the
feasibility constraint (18b): ∑

i∈{g,p,u}

Hit = Ht =
∑

i∈{g,p,u}

H̃it, (36)

where the right-hand side is given by the data. The upper panels of Figure 7 show that we match

30



well the trends of relative-nominal-sectoral value added. We also match well the non-targeted
employment shares.

To compare aggregate productivity implied by the model with the data, we need a measure
of GDP (aggregate value added) per labor service in the model. We emphasize that the utility
index in the model differs from the Törnqvist index of GDP in WORLD KLEMS. Consistency
requires that we apply the same measure of GDP in the model and in the data. We therefore
use the utility index to solve the model, but the Törnqvist index to calculate the model-implied
GDP that we compare with the GDP in the WORLD KLEMS data.13

Real and nominal GDP in the reference period 1947 follow from the normalizations Ag,1947 =

Pg,1947 = 1 and the first-order conditions (19):

Y1947 = VA1947 = H1947 + τp,1947Hp,1947 + τu,1947Hu,1947.

Real GDP in the other years follows from the accumulated, annual growth rates:

YT = Y1947
Y1948

Y1947
...

YT

YT−1
= exp

log Y1947 +

T−1∑
t=1947

∆ log Yt

 , T = 1948, ..., 2019, (37)

where the growth rates ∆ log Yt are given by:

∆ log Yt =
∑

i=g,p,u

1
2

 1∑
j=g,p,u

VA jt

VAit

+
1∑

j=g,p,u
VA j,t+1

VAi,t+1

 ( log Yi,t+1 − log Yit

)
. (38)

Aggregate productivity follows by dividing the GDP measure (37) by total labor services from
the data, LPt ≡ Yt/H̃t. We divide by H̃t instead of by Ht because the quality–adjusted sectoral
labor inputs from WORLD KLEMS are non-additive indexes:

Ht =
∑

i∈{g,p,u}

H̃it , H̃t.

Since the difference between
∑

H̃it and H̃t is quantitatively non negligible, we use
∑

H̃it when
we solve the model but H̃t when we compute the measure of model productivity that we com-
pare with the data. Note that we must take H̃t from the data because it does not have a counter-
part that we could generate within the model.

The upper panel of Figure 7 shows that the calibrated series for (aggregate) productivity
from the model and the data lie right on top of each other, implying that the model passes the
“smell test” for being suitable for our purposes. The reason for why the model does well is
that it matches closely both components of the GDP measure (37): by construction, it matches

13In Duernecker et al. (2021), we demonstrate that doing the same things in the model and the data is essential
for capturing the productivity growth slowdown in a standard two-sector growth model.
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perfectly the real sectoral productivity growth; it also matches closely the relative-nominal-
sectoral value added and thus the Thörnqvist shares. And, of course, it matches the observed
aggregate labor services by construction.

Table 5: Calibrated Preference Parameters

αg αp σc σs εs − εg εu − εp

0.477 0.417 0.269 1.029 0.193 0.101

The calibrated parameters are in Table 5. We find that goods and services are complements
(σc < 1); goods are necessities and services are luxuries (εs − εg > 0); services with high
and low productivity growth are substitutes (σs > 1); progressive services are necessities and
stagnant services are luxuries (εu − εp > 0). Three remarks about the calibration results are in
order. First, for appropriate normalizations of εg and εp, Assumptions 1–2 are satisfied. For
example, εg = εp = 0.91 works. Second, it is noteworthy that the parameters of the macro
calibration have the same qualitative features as the structural micro estimates; see Tables 5
and Column (2) of Table 10 in Appendix C. As a note of caution, we should add that there
is no sense in which the macro and micro values should exactly equal to each other, because
the non-linear CES utility function we are using does not in general aggregate across different
households. Third, the lower panel of Figure 6 shows that the calibrated parameters imply
model sequences {Ct, Pst}t=1947,...,2019 that have upward trends. This justifies our assumption in
the theory part that both Ct and Pst/Pgt are increasing.

Note that our calibration implies that σs − 1 and εu − εp are close to zero. If they were
zero, then the inner nest would be a Cobb-Douglas function. We have therefore also calibrated
the model while restricting the inner nest to a Cobb-Douglas function. It turns out that we can
match the macro targets almost as well as with a non-homothetic CES as the inner nest. We
nonetheless prefer to use the calibrated non-homothetic CES because the micro estimates of the
previous section strongly suggest that σs − 1 and εu − εp are statistically significantly different
from zero.

5.2 Simulating the Model Forward

We now simulate our model forward to assess how severe cost disease may be in the fu-
ture. To have roughly similar horizons for the past and the future, we compare the pro-
ductivity growth slowdown during the seven past decades in 1947–2019, which we analyzed
in Subsection 2.2, with the productivity growth slowdown during the seven future decades
in 2019–2089, which our model implies. We assume that during 2019–2089, the variables
{Agt, Apt, Aut,

∑
i∈{g,p,u} H̃it, H̃t} grow at the same constant, average rates as they did “in the past”
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Figure 7: Value Added, Employment, and Aggregate Productivity – Model versus Data
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and the wedges {τpt, τut} equal the average of their “past values”. We consider four possibil-
ities for what the past means: 1979–2019; 1989–2019; 1999–2019; 2007–2019. To speak to
whether Baumol’s “apocalyptic” scenario might happen, we add a counterfactual that imposes
∆ log Au = 0 while taking the past growth from 1999–2019 for all other variables as before.
Since past wedges fluctuate, but do not show a clear trend, we will conduct robustness analysis
in Subsection 6.1 below and establish that our results are not sensitive to the specification of
the process of future wedges.

Table 6 shows the future growth rates of aggregate labor productivity implied by our for-
ward simulation.14 The first important observation is that average productivity growth during
2019–2089 is predicted to stay far away from zero. Moreover, average productivity growth
during 2069–2089 is not far away from that during 2019–2089, suggesting that the model gen-
erates only a limited future productivity-growth slowdown. A different way of seeing that is
that, during 1949–2019, the average annual productivity growth slowdown was 0.16 percent-
age points; see the last column of Table 2 above. The forward simulation implies that between
2019–2039 and 2069–2089, the average annual productivity growth slowdown is at most 0.1
percentage points. These findings imply that the productivity growth slowdown in the near
future is smaller than during the postwar period.

14Background information on the inputs into obtaining the table is in Table 11 in Appendix D.
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Table 6: Past and Future Productivity Growth

Periods Postwar Productivity Growth
Data Model

1947–2019 1.53 1.54
1979–2019 1.14 1.13
1989–2019 1.01 1.09
1999–2019 0.92 0.88
2007–2019 0.52 0.47

Forward Simulation with Exogenous Variables Averaged over

1979–2019 1989–2019 1999–2019 2007–2019
1999–2019

∆ log Aut = 0

2019–2089 0.94 0.95 0.78 0.46 0.69
2019–2039 0.99 0.99 0.81 0.47 0.73
2069–2089 0.89 0.91 0.74 0.45 0.65
2019–2029 0.99 0.99 0.82 0.47 0.74
2029–2039 0.99 0.99 0.81 0.46 0.72
2039–2049 0.97 0.97 0.79 0.46 0.71
2049–2059 0.94 0.95 0.78 0.46 0.69
2059–2069 0.92 0.93 0.76 0.45 0.67
2069–2079 0.90 0.93 0.75 0.45 0.66
2079–2089 0.89 0.90 0.74 0.45 0.65

Note: Productivity is real value added per labor services; all numbers are annual growth rates in %.

Productivity growth slowed down considerably during the Great Recession and has not fully
recovered. A more pessimistic scenario for the future would be to use the average growth of
the exogenous variables over the period 2007–2019. The results are in column 5. While future
productivity growth is lower than before, that is expected because productivity growth during
2007–2019 was lower too. Importantly, the slowdown between the data during 2019–2039 and
the model during 2069–2089 again remains modest: average productivity growth falls by just
0.02 percentage points from 0.47 to 0.45.

The future productivity growth slowdown remains limited even in the extreme case in which
the stagnant services have zero productivity growth while all other exogenous variables growth
like their averages over 1999–2019. Column 6 of Table 6 reports for this case that between
2019–2039 and 2069–2089 productivity growth slows down by only 0.2 percentage points. This
is far smaller than the productivity growth slowdowns of 0.16 percentage points that resulted
from structural change during the 1949–2019; see the last column of Table 2 above.
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Figure 8: Future Sectoral Composition
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5.3 Intuition

There are two reasons why our forward simulations imply that the future effects of struc-
tural change on aggregate productivity growth are smaller than the past effects. First, as we
saw above, goods have higher productivity growth than services and structural change real-
locates economic activity from goods to services. Over time, the importance of the implied
productivity-growth slowdown declines. In particular, while between 1947 and 2019 the value-
added share of the goods sector decreased by 25 percentage points from 45% to 20%, the
simulation implies that until 2089 it will decrease further only by an additional 9 percentage
points to 11%. Second, for the calibrated parameter values there is little reallocation within the
services sector. In fact, our analysis implies that the value-added share of stagnant services in
total services is not much different in 1947 and 2089 (59% versus 60%).

Our analysis suggests that for the near future there is no sign of Baumol’s “apocalyptic”
scenario that the stagnant services taking over the economy and driving productivity growth
anywhere towards zero. To understand in more detail what happens, Figure 8 plots the employ-
ment shares when we simulate the model forward into the far future. While the employment
share of the goods sector declines to zero in the very long run, the employment shares of both
services sectors steadily increase without much change in the composition of services. Even
after several hundred years, the employment shares of both services sectors remain interior. It
is interesting to put the last statement into the context of Proposition 2, which established that
for a given Âp ∈ (1,∞) there is a unique threshold value of productivity growth for stagnant
services, Â∗u ∈ (1, Âp), at which the composition of the services sector does not change in the
limit. A natural interpretation of our quantitative results is that our calibration must generate
parameter values very close to the threshold value from Proposition 2.15 The numerical anal-
ysis brings out the additional key feature that the convergence to a corner with only stagnant
services is too slow to be relevant in the foreseeable future.

15We cannot formally establish this because the Proposition is formulated for zero wedges whereas the calibrated
model includes non-zero wedges.
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6 Robustness Analysis

This section establishes that the previous findings are robust. The particular robustness ex-
ercises we conduct are: we change the future evolution of wedges; we take into account the
possibility of underestimated quality improvements in services; we disaggregate further than
into three sectors.

6.1 Different Wedges

We first establish that our predictions are robust to different specifications of future wedges.
As the upper left panel of Figure 6 showed, the calibrated series of the wedges fluctuate with-
out showing a clear trend. Above, we therefore assumed that the future values of the wedges
equal the average values over past periods. To establish robustness, Table 7 explores all com-
binations of the minimum and maximum values of τp and τu over the past period 1999–2019.
It is remarkable that the implied productivity growth rates hardly change. We conclude from
these results that the values of wedges are not of first-order importance for our implied future
productivity growth rates.

Table 7: Wedges and Future Productivity Growth

τp τu
Productivity Growth

2019–2089 2019–2039 2069–2089

1999–2019 0.78 0.81 0.74
max max 0.78 0.81 0.75
max min 0.77 0.81 0.73
min max 0.77 0.82 0.74
min min 0.77 0.81 0.74

Note: productivity is real value added per labor services;
all numbers are average annual growth rates in %; max, min taken over 1999–2019;

line “1999–2019” corresponds to the baseline case in column “1999–2019” of Table 6.

6.2 Mismeasured Quality

We have already touched on the possibility that the lower productivity growth of some ser-
vice industries may in part come from the fact that quality improvements in services are hard
to measure. So far, we have taken the numbers from the data at face value and have ignored
that possibility. In the current subsection, we look more seriously at the implications of under-
estimated quality improvements and substantiate the claim made in Subsection 2.5 above that
our forward simulations provide an upper bound for how much structural change reduces pro-
ductivity growth.
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To entertain different degrees to which quality improvements in stagnant services are under-
estimated, and the related price increases of stagnant services are overestimated, we consider
the following counterfactual price increases:

∆ log Pu = ω∆ log P̃u + (1 − ω)∆ log P̃p, (39)

where ω ∈ [0, 1]. If ω = 1, then ∆ log Pu = ∆ log P̃u and quality improvements are properly
estimated. If ω = 0, then ∆ log Pu = ∆ log P̃p and quality improvements are underestimated so
severely that the actual price increases in both services subsectors are the same and their relative
price does not change at all. We vary ω between these extremes, recalibrate our model after
replacing P̃u in the data by the counterfactual Pu, take the period 1999–2019 as the past from
which we obtain the estimates of future exogenous processes, and redo the forward simulation.

Table 8 reports the results. Recall that ω = 1 is the previous benchmark case and a lower
value of ω corresponds to a more severe underestimation of quality of the value added produced
in the service sector with low productivity growth. As ω decreases, the future productivity-
growth slowdown becomes smaller and smaller. Therefore, our forward simulations do provide
an upper bound of the actual effect of structural change on productivity growth when quality
improvements are mismeasured.

Table 8: Quality Mismeasurement and Productivity Growth

ω Productivity Growth
2019–2089 2019–2039 2069–2089

1.00 0.78 0.81 0.74
0.75 0.92 0.95 0.89
0.50 1.05 1.08 1.03
0.25 1.19 1.21 1.18

Note: productivity is real value added per labor services; all numbers are annual growth rates in %;
ω is defined in (39); line “1.00” corresponds to the baseline case in column “1999–2019” of Table 6.

6.3 Finer Disaggregations

Our nested utility specification remains tractable and allows us to derive analytical results and
build intuition for the main forces behind the productivity effect of structural change. However,
its simplicity raises two questions: How restrictive is it that we first combine the services sub-
sectors and then combine the resulting aggregate services with goods? How restrictive is it
that we consider the three categories goods, progressive services, and stagnant services? In
this subsection, we relax the nesting structure and increase the number of services sectors to
establish that the predictions of our nested utility specification are fairly robust.
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Hanoch (1975) and Sato (1975) formulated more general utility functions that allow for
many sectors i = 1, ..., I, each of which with its own income effect and elasticity parameter. In
our context, the relevant class of utility functions satisfies the following equation:16

1 =

I∑
i=1

α
1
σi
i

 Cit

Cφi
t

1− 1
σi

, (40)

where Ct is a utility index that depends on the consumed quantities C1t, ...,CIt; αi are weights;
φi govern the income effects; σi and σ j govern the Allen-Uzawa elasticities of substitution σi j

between i and j (see Hanoch for the explicit elasticity formula). To apply standard consumer
theory, the utility function Ct = U(C1t, ...,CIt) that is implicitly defined by (40) must be globally
monotone and quasi–concave. Hanoch (1971) proved that this is the case if αi, φi, σi > 0 for all
i = 1, . . . , I; either σi > 1 ∀i or σi ∈ [0, 1] ∀i.

To see that Hanoch’s class encompasses our utility specifications, set φi = (σi − εi)/(σi − 1)
in (40):

1 =

I∑
i=1

α
1
σi
i

 Cσi−1
it

Cσi−εi
t


1
σi

(41)

The specification of our outer layer, (17a), results if, in addition, we set σi = σc and I = 2 and
rearrange:

Ct =
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σc
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t C
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t C
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σc
σc−1

.

To obtain the specification of our inner layer, (17b), we set I = 2, σs = σi, and εi = 1.
Rearranging (41) then gives the CES special case. Our precise specification results if one
modifies the weights to αpC

εp−1
t and αuC

εu−1
t :

Cst =

(αpC
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) 1
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) 1
σs C
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
σs
σs−1

,

which is a version of (17b).
We can use (41) to generalize our analysis to category-specific elasticity parameters, σi ,

σ j, and more than two services sectors, I−1. To do this, we consider the goods sector along with
an off-the-shelf split into the services sector classification used in the Economic Transformation
Database from the GGDC:

1. Trade Services (Wholesale and Retail Trade; Accommodation and Food Service Activi-
16Except for the notation, this is equation (2.16) of Hanoch (1975, page 403). He calls the implied utility func-

tions the constant-ratios-of-elasticities utility class, which is a subclass of his implicitly-additive utility functions.
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ties);

2. Transport Services (Transportation and Warehousing);

3. Business Services (Information and Communication; Professional, Scientific and Tech-
nical Activities; Administrative and Support Service Activities);

4. Financial Services and Real Estate (Financial and Insurance Activities; Real Estate Ac-
tivities);17

5. Government Services (Education; Human Health and Social Work Activities; General
Government);

6. Other Services.

The rest of the analysis is exactly the same as before, so we do not repeat here. Appendix B.4
contains the solution to the household problem for the resulting split with goods and six services
sectors. The calibrated parameter values satisfy Hanoch’s assumptions because αi, φi > 0 and
σi ∈ [0, 1] ∀i = 1, . . . , I. Hence, the implied utility function is monotonically increasing in all
arguments and quasi concave and the household problem is well defined.

Table 9 reports the simulation results and shows that by and large the previous results are
robust. For comparison, the row that starts with “g, p, u” repeats the baseline case in column
“1999–2019” of Table 6. The next row reports the new results if we disaggregate into six
services sectors with their own elasticities. We can see that disaggregating reduces the final
growth rate during 2069–2089 by just 0.01 percentage point (from 0.74 to 0.73) and increases
the average growth rate during 2019–2089 by just 0.02 percentage points (from 0.78 to 0.80).
The reason why the average growth rate increases compared to the benchmark case is that, for
some reason, productivity growth is initially higher with six services sectors (0.87 versus 0.81).
In other words, productivity growth does not fall as fast from its value during 1999–2019 as
in the benchmark case, but it ends up at almost the same value in the far future. Moreover, it
is still true that the 0.14 percentage point productivity growth slowdown from 0.87 to 0.73 is
smaller than the 0.16 productivity growth slowdown that we found for 1949–2019 in Table 2
above. Lastly, the result that future productivity growth is well above zero remains clearly valid
for goods and six disaggregated services sectors.

17This category is often referred to as FIRE. The GGDC splits it into Financial Services and Real Estate because
the latter involves imputations that are not always reliable in less developed countries than the U.S. We keep it as
one category to be consistent with the usual practice for the U.S. to view FIRE as one sector at this level of
aggregation.
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Table 9: Finer Dis-aggregation of the Services Sector and Productivity Growth

Sector Split Substitution Productivity Growth
Elasticities 2019–2089 2019–2039 2069–2089

g, p, u σc , σs 0.78 0.81 0.74
g, i = 1, ..., 6 σg , σ1 , ... , σ6 0.80 0.87 0.73

Note: Productivity is real value added per labor services; all numbers are annual averages in %;
values of exogenous variables are averages over 1999–2019;

first line corresponds to the baseline case in column “1999–2019” of Table 6.

7 Related Literature

Several papers from the recent literature on structural change are directly related to cost dis-
ease. The 2004-CEPR-working-paper version of Ngai and Pissarides (2007) mentioned that
cost disease can lead to a GDP growth slowdown when GDP growth is calculated with con-
stant relative prices. However, they did not pursue the growth slowdown further but framed
their entire analysis in terms of a balanced growth path and constant GDP growth measured
in a current numeraire. Moro (2015) provided an interesting model in which cost disease re-
duces GDP measured with the Fisher index. His analysis differs from our analysis because he
focused on the role of differences in the sectoral intermediate-input shares in a cross section
of middle- and high-income countries. In independent work, Leon-Ledesma and Moro (2020)
asked to what extent structural change may lead to violations of the Kaldor growth facts. In
their simulation results, based on the model of Boppart (2014), structural change leads to a
growth slowdown of GDP measured with the Fisher index. Although there are obvious sim-
ilarities with what we do, the following novel features set our work apart: we provide micro
and macro evidence on structural change within services; we characterize analytically the limit
behavior of a new model with structural change within services; we use our model to predict
the future productivity-growth effect of structural change in the U.S.

Our work is also related to a literature on cross–country gaps in sectoral TFP or labor
productivity; see for example Duarte and Restuccia (2010), Herrendorf and Valentinyi (2012),
and Duarte and Restuccia (2020). The paper of Duarte and Restuccia (2020) is the most closely
related one to our paper. The main difference between the papers is that Duarte and Restuccia
(2020) study expenditure data from the International Comparisons Program of the Penn World
Table for a cross section of countries in 2005 whereas we study value-added data for the time
series of the postwar U.S. The main similarity between the papers is that both disaggregate
the services sector into two subsectors and find that as GDP per capita changes – either in the
cross section or the time series – one services subsector shows stronger productivity growth
than the other and there is substitutability between the two services subsectors. In addition, we
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find that the services subsector with weaker productivity growth is a luxury whereas Duarte and
Restuccia (2010) assume homotheticity.

It is challenging to further compare our results with those of Duarte and Restuccia (2020)
because our production-side data contain different information from their expenditure-side data.
A first implication is that the sector classifications are not directly comparable between the two
papers. In particular, our production-side data report real value added and efficiency units of
labor by industry and sectors are defined as collections of similar industries. In contrast, their
expenditure-side data report relative prices and final expenditure for different expenditure cat-

egories and sectors are defined as collections of similar expenditure categories. As a result,
sectoral output in their paper is the gross output of similar expenditure categories which tends
to reflect value added from more than one of our sectors. A second implication of using differ-
ent datasets is that sectoral productivity is calculated differently because the expenditure-side
data miss information on sectoral inputs. Duarte and Restuccia (2020) impute the missing in-
puts by adding input-output linkages to the method developed by Herrendorf and Valentinyi
(2012). In contrast, our production side data has all the information required to calculate sec-
toral productivity without imputation and the utility function captures the compositional effects
of input-output linkages.

In the current paper, we have abstracted from physical capital accumulation, which implies
that the services sector takes over our economy in the limit and aggregate productivity growth
falls to the services sector’s productivity growth. In contrast, in many models of structural
change with capital accumulation the services sector does not take over the economy in the
limit because all investment is produced in manufacturing. Since investment does not disap-
pear along a balanced growth path, the manufacturing sector remains at least as large as the
investment sector. As long as productivity growth is larger in manufacturing than in services,
aggregate productivity growth remains larger than productivity growth in the services sector.
It is important to realize that this conclusion changes dramatically as soon as one takes into
account that structural change also takes place within the investment sector. Acemoglu and
Guerrieri (2008) and Herrendorf et al. (2021) show that the services sector then takes over the
economy in the limit exactly as it does in the current model.

8 Conclusion

We have built and calibrated a multi-sector model and used it to analyze the effect of structural
change on aggregate productivity growth in the postwar U.S. The key novel feature of our
model is that we have disaggregated the services sector into progressive and stagnant services.
We have documented micro and macro evidence that stagnant services are luxuries, progressive
services are necessities, and stagnant and progressive services are substitutes. We have shown
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Figure 9: The Productivity Growth Slowdown Outside the U.S.
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that, as a result, stagnant services do not take over the economy in the limit if their productivity
growth falls below a positive threshold level. We have found that in our model the future effect
of structural change on productivity growth will be smaller than the past one.

As a natural first step, we have taken the sectoral growth rates as given and we have explored
which consequences the implied changes in the sectoral composition have for future produc-
tivity growth. An interesting question for future work is why different sectors show different
productivity growth. Young (2014) suggested that continuing selection of workers with differ-
ent relative productivities may explain part of the differences in sectoral productivity growth.
He estimated a Roy model to provide evidence for his thesis. A second interesting question
for future work is to study whether the slow growing sectors will continue to grow slowly even
when they comprise sizeable shares of the economy. We have made some initial progress on
these questions in Herrendorf and Valentinyi (2015).

Our analysis raises the follow up question to what extent the results for the U.S. gener-
alize to other countries. A natural starting point is to document that the productivity growth
slowdown is a broader phenomenon that occurred also outside the U.S. To avoid mixing the
productivity growth slowdown with declining GDP growth rates after catch-up dynamics that
followed World War II, we focus on Australia, Canada, and the United Kingdom, which did
not experience major war destruction. Figure 9 depicts the average annual growth rates of their
labor productivities in the preceding 20 years. One can see clearly that the productivity growth
slowdown was a broader than just a U.S. phenomenon. In fact, it looks more pronounced in the
other three countries than in the U.S.18 We think that an important task for future research is to
study in detail the effects of structural change on productivity growth in other developed coun-
tries. Recent work by Buiatti et al. (2018), Sen (2019), and Duernecker and Sanchez-Martinez
(2021) takes first steps in this direction.

18Note though that, because of data constraints, the productivity measure used in the figure is GDP per hour
worked. If instead we used GDP per labor services for the U.S. as in the rest of the paper, then the strong rebound
of GDP per-hour measure in the last two or so decades would be mitigated.
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Appendix A Calculating Value Added with Thörnqvist In-
dexes

Before we explain how to calculate value added with Thörnqvist indexes, we note that using
them to aggregate data quantities differs from using the non-homothetic aggregator specified by
our model. This is a common issue when one connects multi-sector models with data. It implies
that one cannot directly compare model generated quantities with data quantities. We deal with
the issue in the usual way. First, we use the Thörnqvist index to aggregate data quantities as
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it is done in WORLD KLEMS. We describe the details in the following paragraphs. Second,
we solve the model by using its non-homothetic aggregator. Third, we compare aggregate
quantities from the model and the data by constructing the aggregate quantities from the model
with the Thörnqvist index in the same way as in the data.

The WORLD KLEMS 2017 March Release contains nominal and real gross outputs, inter-
mediate inputs, and capital and labor services for 65 industries. In a reference year, nominal
and real variables are the same so that the usual relationships hold. Moreover, in the reference
year, capital and labor inputs are normalized to equal nominal capital and labor compensation.
For all other years, real variables are calculated by calculating their growth rates via Törnqvist
indexes. This implies that real industry quantities are additive only in the reference year. In all
other years, real value added no longer equals the difference between the real gross output and
real intermediate inputs. Here, we describe how real value added at the industry level is con-
structed. Similar issues arise when one aggregates the 65 industries to the coarser three-sector
split considered in the main analysis above.

The first step is to go to the reference year in which real and nominal value added are equal
to each other. Real value added then results simply as the difference between gross output and
intermediate inputs. The next step is to consider years other than the reference year. One may
construct real quantities for these years by starting from the reference year and then applying
annual growth rates of the real quantity. To see what is involved, define the growth rate of a
generic variable X between periods t and t + 1 as:

∆ log Xt ≡ log Xt+1 − log Xt.

The growth rates of real gross output, real value added and real intermediate inputs in industry
i are linked by the following identity:

∆ log GOit =
[
1 − S (PZ

itZit)
]
∆ log Yit + S (PZ

itZit)∆ log Zit, (42)

where GOit, Zit, Yit, PGO
it , PZ

it and Pit denote real gross output, real intermediate inputs, real value
added, the price of real gross outputs, the price of real intermediate inputs and the price of real
value added in industry i. Moreover, S (PZ

itZit) denotes the averages over periods t and t + 1 of
the shares of industry i’s nominal intermediate inputs in the industry’s nominal gross output:

S (PZ
itZit) =

1
2

(
PZ

itZit

PGO
it GOit

+
PZ

it+1Zit+1

PGO
it+1GOit+1

)
.

Note that these shares are meaningful concepts because they are constructed in terms of nominal
variables that are additive. We can calculate ∆ log(Yit) by solving equation (42) for ∆ log(Yit),
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and substituting in GOit,Zit, PGO
it GOit, PZ

itZit from WORLD KLEMS:

∆ log Yit =
∆ log GOit − S (PZ

itZit)∆ log Zit

1 − S (PZ
itZit)

. (43)

Appendix B Derivations and Proofs

Appendix B.1 Equilibrium Conditions with Three Goods

The first–order condition to the outer and inner parts of the household’s problem are:

Pit = λctα
1
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i C

−
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it C
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t C
1
σc
t , i = g, s, (44a)

P jt = λstα
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jt C
ε j−1
σs

t C
1
σs
st , j = p, u. (44b)

To derive (21a) and (22a), divide (44a) for s and g by each other and divide (44b) for h and l by
each other, respectively. To derive (21b), multiply both sides of (44a) with Cit and add up the
resulting equations:
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This equation implies that:

Pt =
PgtCgt + PstCst

Ct
= λct. (46)

Substituting the previous equation into (44a), we obtain:
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which implies that:
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σc

t .

Adding over i = g, s yields:

αgC
εg−1
t P1−σc

gt + αsC
εs−1
t P1−σc

st = P1−σc
t

α 1
σc
g C

εg−1
σc

t C
σc−1
σc

gt + α
1
σc
s C

εs−1
σc

t C
σc−1
σc

st

C
1−σc
σc

t

= P1−σc
t C

σc−1
σc

t C
1−σc
σc

t = P1−σc
t ,
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implying that the price index is given as

Pt =
(
αgC

εg−1
t P1−σc

gt + αsC
εs−1
t P1−σc

st

) 1
1−σc .

This is (21b). Similar steps give (22b).

Appendix B.2 Proof of Proposition 1

We start by deriving the expenditure shares of the two services subsectors in total services
expenditure. It is helpful to restate the first–order conditions for the inner and outer layer:

PutCut

PptCpt
=
αu

αp

(
Put

Ppt

)1−σs

Cεu−εp
t , (47a)

Pst =
(
αuC

εu−1
t P1−σs

ut + αpC
εp−1
t P1−σs

pt

) 1
1−σs . (47b)

PstCst

PgtCgt
=
αs

αg

(
Pst

Pgt

)1−σc

Cεs−εg
t , (47c)

Pt =
(
αgC

εg−1
t P1−σc

gt + αsC
εs−1
t P1−σc

st

) 1
1−σc , (47d)

where Pst and Pt are the price indexes. Multiplying (21b) with Ct leads to

PtCt =
(
αgC

εg−σc
t P1−σc

gt + αsC
εs−σc
t P1−σc

st

) 1
1−σc . (48)

Substituting out Pst with (47b) yields

Et ≡ PtCt =

αgC
εg−σc
t P1−σc

gt + αsC
εs−σc
t

(
αuC

εu−1
t P1−σs

ut + αptC
εp−1
t P1−σs

pt

)1−σc
1−σs


1

1−σc

. (49)

For a given Ct, the expenditure function is a nested CES function of prices. Hence, it satisfies the
required properties with respect to prices. It is continuous, increasing, concave, homogenous
of degree one and differentiable in prices. is clearly monotonically increasing in prices.

Next we show that the expenditure function is strictly increasing Ct. First we derive expres-
sions for the expenditure shares. Note that (47a) implies that:

PutCut = αuC
εu−1
t P1−σs

ut
PptCpt

αpC
εp−1
t P1−σs

pt

.
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Adding PptCpt to both sides and rearranging yields:

PutCut + PptCpt =
(
αuC

εu−1
t P1−σs

ut + αpC
εp−1
t P1−σs

pt

) PptCpt

αpC
εp−1
t P1−σs

pt

,

which can be solved for PptCpt/(PutCut + PptCpt) implying

χ jt ≡
P jtC jt

PutCut + PptCpt
=

α jC
ε j−1
t P1−σs

jt

αuC
εu−1
t P1−σs

ut + αpC
εp−1
t P1−σs

pt

, j ∈ {p, u}. (50a)

A similar derivation shows that (47c) implies

χ jt ≡
P jtC jt

PgtCgt + PstCst
=

α jC
ε j−1
t P1−σc

jt

αgC
εg−1
t P1−σc

gt + αsC
εs−1
t P1−σc

st

, j ∈ {g, s}. (50b)

Next, we take the derivative of Et with respect to Ct:

∂Et

∂Ct
=

1
1 − σc

Et

αgC
εg−σc
t P1−σc

gt + αsC
εs−σc
t P1−σc

st

[
αgC

εg−σc
t P1−σc

gt
εg − σc

Ct
+ αsC

εs−σc
t P1−σc

st
εs − σc

Ct

+
1 − σc

1 − σs

αsC
εs−σc
t P1−σc

st

αuC
εu−1
t P1−σs

ut + αptC
εp−1
t P1−σs

pt

(
αuC

εu−1
t P1−σs

ut
εu − 1

Ct
αptC

εp−1
t P1−σs

pt
εp − 1

Ct

) .
Using the expression for expenditure shares in (50a) and (50b), we can simplify this as:

∂Et

∂Ct
=

Et

1 − σc

[
χgt
εg − σc

Ct
+ χst

εs − σc

Ct
+

1 − σc

1 − σs
χst

(
χut
εu − 1

Ct
+ χpt

εp − 1
Ct

)]
.

It follows that

∂Et

∂Ct
=

Et

Ct

(
χgt
εg − σc

1 − σc
+ χst

εs − 1
1 − σc

+ χstχut
εu − σs

1 − σs
+ χstχpt

εp − σs

1 − σs

)
. (51)

It is easy to verify that Assumption 1 ensures that each term in the bracket is strictly positive.
Hence the expenditure function is strictly increasing in Ct for all χgt, χst, χpt, χut ∈ [0, 1]. QED

Appendix B.3 Proof of Proposition 2

Strategy of the Proof. We start by noting that in the limit, χst = 1. We then proceed in four
steps. In step 1, we establish the condition under which χut/χpt is constant. In step 2, we show
that there is a unique Â∗u ∈

(
1, Âp

)
such that χut/χpt is constant in equilibrium. In step 3, we

characterize the dynamics of χut/χpt when Âu , Â∗u. In step 4, we show that the limit growth of
GDP is as claimed.
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Step 1. Equation (50a) implies that:

χut

χpt
=
αu

αp

(
Put

Ppt

)1−σs

Cεu−εp
t .

Rewriting the equation into growth factors gives:

(
χut

χpt

)∧

=

(
Put

Ppt

)∧1−σs

Ĉt
εu−εp

.

Using equation (19) and that the wedges are assumed to be zero, the previous equation implies
that the expenditure shares are constant if and only if:

1 =

(
χut

χpt

)∧

=

 Âp

Âu

1−σs

Ĉεu−εp
t . (52)

Step 2. Next, we establish a condition under which consumption growth implied by equation
(52) is consistent with all equilibrium conditions given χst = 1. To this end, we consolidate
the two equilibrium conditions (47b) and (48) into one, using the expressions for expenditure
shares relative to total, (50a) and (50b), the market clearing condition, and the firms’ first-order
conditions. We state all equations that follow in terms of growth factors (“hats”) to be able to
relate them to (52).

The equilibrium condition for the service price, (22b), implies that:

(
Pst+1

Pst

)1−σs

=
αuC

εu−1
t+1 P1−σs

ut+1 + αpC
εp−1
t+1 P1−σs

pt+1

αuC
εu−1
t P1−σs

ut + αpC
εp−1
t P1−σs

pt

.

Dividing and multiplying each term in the nominator with the appropriate Cε j−1
t P1−σs

jt ( j ∈

{p, u}), and using (50a), we obtain

P̂1−σs
st = χutĈ

εu−1
t P̂1−σs

ut + χptĈ
εp−1
t P̂1−σs

pt . (53)

Similarly, use (48) to obtain:

Ê1−σc
t = χgtĈ

εg−σc
t P̂1−σc

gt + χstĈ
εs−σc
t P̂1−σc

st . (54)
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Now, setting χgt = 0 and χst = 1 as well as substituting (53) into (54) yields:

Ê1−σc
t = Ĉεs−σc

t

(
χutĈ

εu−1
t P̂1−σs

ut + χptĈ
εp−1
t P̂1−σs

pt

)1−σc
1−σs

=

χut

Ĉ εu−1
1−σs

+
εs−σc
1−σc

t P̂ut

1−σs

+ χpt

Ĉ εp−1
1−σs

+
εs−σc
1−σc

t P̂pt


1−σs


1−σc
1−σs

. (55)

To rewrite the left-hand side, we show that Ê = Âg because for χst = 1:

Et =
∑

j∈{p,u}

P jt

Pgt
Y jt =

∑
j∈{p,u}

Agt

A jt
A jtH jt = Agt

∑
j∈{p,u}

H jt = Agt, (56)

where we used that Y jt = A jtL jt, that the firms’ first-order conditions imply that P jt/Pgt =

Agt/A jt given that we assumed τ jt = 0. Note that this step would not go through if we didn’t
restrict the wedges to equal zero. Even if they were positive constants, the wedges would
introduce a proportionality factor which would change when the sectoral composition changes.

Turning now to the right-hand side of (55), we substitute out relative prices with relative
productivities from (19). We then arrive at:

Â1−σc
g =

χut

Ĉ εu−1
1−σs

+
εs−σc
1−σc

t
Âg

Âu

1−σs

+ χpt

Ĉ εp−1
1−σs

+
εs−σc
1−σc

t
Âg

Âp


1−σs


1−σc
1−σs

, (57)

which is equivalent to:

Âp = Ĉ
εp−1
1−σs

+
εs−σc
1−σc

t

χut

 Âp

Âu

1−σs

Ĉεu−εp
t + χpt

 . (58)

Substituting the condition for constant χut/χpt, (52), into (58) and solving, we obtain

Ĉ = Â

1
εp−1
1−σs

+
εs−σc
1−σc

p .

For an equilibrium with constant χut/χpt to exist, Ĉ has to satisfy this equation as well as
equation (52):

Ĉ∗ =

 Â∗u
Âp


1−σs
εu−εp

=
(
Âp

) 1
εp−1
1−σs

+
εs−σc
1−σc . (59)
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Step 3. We now show that 1 < Â∗u < Âp. Solving the second equation in (59) for Â∗u, we find:

Â∗u =
(
Âp

)1+

εu−εp

1−σs
εp−1
1−σs

+
εs−σc
1−σc =

(
Âp

) εu−1
1−σs

+
εs−σc
1−σc

εp−1
1−σs

+
εs−σc
1−σc . (60)

If the exponent of Âp on the right-hand side is between 0 and 1, then the assumption that Âp > 1
implies that 1 < Â∗u < Âp. To see that the exponent is indeed between 0 and 1, note that
Assumptions 1–3 imply that:

εu − 1
1 − σs

+
εs − σc

1 − σc
=
σs − εu

σs − 1
+
εs − 1
1 − σc

> 0.

Moreover, note that Assumption 3 implies that:

εu − 1
1 − σs

+
εs − σc

1 − σc
<
εp − 1
1 − σs

+
εs − σc

1 − σc
.

Step 4. It remains to characterize how χut changes if Âu does not satisfy condition (60). Two
simple observations are useful. The first one is that the right-hand side of the condition (58) is
increasing in Ĉt. The reason is that the assumed parameter values imply that:

εu − εp > 0,
εp − 1
1 − σs

+
εs − σc

1 − σc
> 0.

The second one is that, for any given Âu and Â∗p, condition (52) implies that the consumption
growth factor Ĉ that would be consistent with constant χut/χpt still satisfies:

1 =

 Âp

Âu


1−σs
εu−εp

Ĉ.

Note that given the assumptions on the parameter values, Ĉ is decreasing in Âu.
Now we are ready to characterise the behavior of χut if (59) is not satisfied. Let Âu , Â∗u

while Âp = Âp. Consider first the case of Âu < Â∗u. Then, Ĉ > Ĉ∗ and the right-hand side of (58)
is larger that the left-hand side. Since the right-hand side of (58) is monotonically increasing
in Ĉt, there is a unique Ĉt < Ĉ that satisfies (58). For that Ĉt, χut/χpt is decreasing because the
right-hand side of (52) is less than 1. In the other case, Âu > Â∗u, similar arguments imply that
χut/χpt is increasing.

Since χut/χpt ∈ [0, 1], the standard result applies that on a compact set every sequence has
a limit. Since there is only one interior limit, it must be that limt→∞ χut = 0 or limt→∞ χut = 1 if
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Âu , Â∗u. Since χut is decreasing if Âu < Â∗u, it must be that limt→∞ χut = 0 if Âu < Â∗u. Since χut

is increasing if Âu > Â∗u, it must be that limt→∞ χut = 1 if Âu > Â∗u.
For χ jt = 1, (10) implies the following growth factors of C:

∆LP j = ∆A j, j = p, u. (61)

QED

Appendix B.4 Equilibrium Conditions with Many Goods

Recall that the general utility function was characterized by condition (41):

1 =

I∑
i=1

α
1
σi
i

 Cσi−1
it

Cσi−εi
t


1
σi

(62)

Minimizing consumption expenditure subject to that constraint implies the first-order condi-
tions:

Pit = λtα
1
σi
i
σi − 1
σi

C
− 1
σi

it C
εi−σi
σi

t .

Dividing them by the first-order condition for goods gives the relative demand for the six service
industries i = 1, ..., 6:

PitCit

PgtCgt
=
α

1
σi
i (σi − 1)/σi

α
1
σg
g (σg − 1)/σg

C
σi−1
σi

it

C
σg−1
σg

gt

C
εi−σi
σi
−
εg−σg
σg

t . (63)

We calibrate the model by using (62) together with (63) for i = 1, ..., I.
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Appendix C Micro Evidence

Table 10: Results of Structural Estimation

(1) (2)

σc 0.61 0.46
(0.03) (0.06)

σs 1.23 1.51
(0.04) (0.06)

εs − εg 0.79 0.51
(0.07) (0.06)

εu − εp 0.49 0.59
(0.04) (0.02)

Household controls Y Y
Region fixed effects N Y
Year fixed effects N Y
Quarter fixed effects N Y

Note: SE clustered at household level; 87,017 observations.

Appendix D Inputs for the Simulations

Table 11: Inputs for Table 6

Exogenous
Variables
Based on

∆ log Agt ∆ log Apt ∆ log Aut ∆ log Ht

∑
i∈{g,p,u} H̃it

H̃t
τpt τut

2007–2019 0.73 1.05 0.04 0.24 -0.06 0.13 0.41
1999–2019 1.52 1.50 0.17 0.11 -0.10 0.17 0.46
1989–2019 1.76 1.91 0.16 0.20 -0.09 0.18 0.51
1979–2019 1.84 2.00 0.05 0.33 -0.08 0.15 0.51
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