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Many public policies affect the costs of 
investments in modern manufacturing capital—
for example, in automation technologies such as 
numerically controlled machine tools, automatic 
conveyor systems, industrial robots, and so 
forth. To date, the employment effects of these 
investments remain highly debated.

There are growing concerns about techno-
logical unemployment that may be brought 
about by modern technologies like robots (e.g., 
Brynjolfsson and McAfee 2014; Acemoglu 
and Restrepo 2018). However, others have 
pointed out that robots are a small fraction of 
total investment (Benmelech and Zator 2022). 
Furthermore, there are paradigmatic cases of 
technologies substituting for workers that in fact 
raise labor demand. For example, Bessen (2015) 
documents that automated teller machines 
(ATMs) led to an increase in the demand for 
bank tellers, because the ATM allowed banks to 
operate branch offices at lower cost and, thus, to 
open many more branches.

Going beyond case studies of specific tech-
nologies, we present new evidence estimating 
the impact of typical modern manufacturing 
capital investments on labor demand. To do so, 
in Aghion et al. (2022), we develop two research 
designs—event studies and a shift-share meth-
odology—that we apply to comprehensive 

French micro data on the population of firms in 
the manufacturing sector. While our initial study 
focused on firm- and industry-level estimates, 
in this companion paper we use the same data 
and an event study methodology to present addi-
tional evidence on the local labor market effects 
of modern manufacturing capital. We find that 
increased modern manufacturing capital leads 
to positive employment effects at the local labor 
market level.

In what follows, we first present a simple 
conceptual framework motivating our analysis, 
using canonical economic models. The follow-
ing sections present in turn the data, the event 
study research design, and the results. The final 
section concludes.

I.  Conceptual Framework

Economic theory shows that the effects of 
investments in modern manufacturing capital on 
employment are ambiguous.

Let us first consider the canonical model of 
factor-augmenting technological change. If 
modern manufacturing capital is modeled as 
capital-augmenting technological change with 
standard production function elasticities, then it 
should lead to an increase in both labor demand 
(and wages) and the labor share.

However, in the task model (Acemoglu and 
Restrepo 2018), automation may reduce the 
demand for labor and wages, because it assigns 
to capital tasks that used to be performed by 
labor; this would lead to a decline in the labor 
share. Several counteracting forces could none-
theless lead to an increase in labor demand—for 
example, a productivity effect of automation at 
the intensive margin (sometimes called “auto-
mation deepening”).

Thus, from both a modeling and a policy per-
spective, it is important to assess whether the 
effects of typical investments in modern manufac-
turing capital are consistent with the predictions 

https://doi.org/10.1257/pandp.20231039
mailto:philippe.aghion@insead.edu
mailto:celine.antonin@sciencespo.fr
mailto:celine.antonin@sciencespo.fr
mailto:simon.bunel@­banque-france.fr
mailto:simon.bunel@­banque-france.fr
mailto:x.jaravel@lse.ac.uk
https://doi.org/10.1257/pandp.20231039


MAY 2023220 AEA PAPERS AND PROCEEDINGS

of the canonical model of factor-augmenting 
technological change or rather with those of 
the task model. While Aghion et  al. (2022) 
address this question by analyzing firm- and 
industry-level labor demand, in this companion 
paper we provide complementary evidence at 
the local labor market.

II.  Data

Following Aghion et  al. (2022), we analyze 
comprehensive micro data on the population of 
firms in the French manufacturing sector between 
2003 and 2016. We obtain detailed information 
on workers and firms from French administra-
tive datasets: the linked employer-employee 
(DADS)1 and the balance sheet (BIC-RN)2 
databases. We then build two measures of mod-
ern manufacturing capital.

Our first measure is the balance sheet value 
of industrial machines, which we observe at 
the firm level in administrative data and sub-
sequently aggregate to the level of commut-
ing zones (CZ). This measure encompasses 
all machines used for extraction, processing, 
shaping, and packages of materials or sup-
plies. We can thus isolate changes in the stock 
of industrial machines from changes in other 
components of capital (e.g., land, buildings, 
information technology, office equipment, 
and so forth). While this measure has the ben-
efit of being available for all manufacturing 
firms, a limitation is that there is no explicit 
list describing all machines that are accounted 
for.

As a complement to the first measure, we 
use the automation measure of Acemoglu and 
Restrepo (2022, 25), defined as “a range of tech-
nologies for industrial automation.” This mea-
sure is based on imported intermediate goods, 
defined as products with a six-digit Harmonized 
System code in the following list: industrial 
robots, dedicated machinery, numerically con-
trolled machines, automatic machine tools, auto-
matic welding machines, weaving and knitting 

1 DADS refers to the “All employees databases—job 
position data” dataset provided by the National Institute of 
Statistics and Economic Studies: https://doi.org/10.34724/
CASD.21.3038.V2. 

2  BIC-RN refers to the “Industrial and commercial prof-
its–normal scheme” dataset provided by the French Ministry 
of Finance: https://doi.org/10.34724/CASD.259.2469.V1. 

machines, other dedicated textile machinery, 
automatic conveyors, and regulating and control 
instruments. This measure is only available for 
importing firms, which we observe in the French 
customs data.

While our measures of investment in modern 
manufacturing capital and industrial automation 
are initially observed at the firm level, we allo-
cate them across CZ based on the initial distribu-
tion of firm employment across CZs.

III.  Event Study Research Design

Our event study methodology is identical to 
Aghion et  al. (2022), although we now imple-
ment it at the CZ level rather than the firm and 
industry levels.

Specifically, we analyze large investment 
events in modern manufacturing capital across 
CZs. We build two investment events, using 
either of our two measures of modern manufac-
turing capital.

An investment event for a CZ is defined as 
a yearly change in the balance sheet value of 
industrial equipment or in imports of automa-
tion machines above a prespecified threshold, 
in the distribution of all possible changes across 
CZs. We take the median as the relevant thresh-
old for our analysis below. The results are sim-
ilar when using the seventy-fifth and ninetieth 
percentiles as thresholds, although these results 
are not reported due to space constraints. When 
a CZ experiences a change in investment past 
the threshold more than once during our sample 
period, we take the largest change as our unique 
investment event. Thus, each CZ is treated at 
most once.

The spatial distribution of the investment 
events is shown below for industrial equip-
ment (Figure  1) and industrial automation 
(Figure  2). The distributions differ: invest-
ments in industrial equipment are more com-
mon in the southwest of the country, while 
industrial automation is more frequent in the  
northeast.

Indexing CZs by i and years by t, our event 
study specification is

(1)	  ​∆ log​(​Y​it​​)​  = ​  ∑ 
k=−5

​ 
5

  ​​ ​δ​k​​ ​E​i, t−k​​ + ​μ​i​​ 

	 + ​λ​st​​ + ​ϵ​it​​ ,​

https://doi.org/10.34724/CASD.21.3038.V2
https://doi.org/10.34724/CASD.21.3038.V2
https://doi.org/10.34724/CASD.259.2469.V1


VOL. 113 221THE LOCAL LABOR MARKET EFFECTS OF MODERN MANUFACTURING CAPITAL

where  ∆ log (Yit)   denotes the change in  CZ-level 
employment,   Ei, t−k    the investment event indica-
tor,   μi    CZ fi xed effects, and   λst    “region-by-year” 
fi xed effects.

This event study specifi cation allows for an 
analysis of  pretrends. A lack of  pretrends is 
reassuring and restricts the potential set of con-
founders to contemporaneous demand or supply 
shocks. 

In Aghion et  al. (2022), we validate the 
event study methodology at the fi rm level 

and the industry level with a complementary 
research design, a  shift-share instrument vari-
able (SSIV) approach. This approach leverages 
 predetermined supply linkages and productivity 
shocks across foreign suppliers of manufactur-
ing capital. The  fi rm- and  industry-level SSIV 
estimates are similar in magnitudes to the event 
study estimates, rejecting the hypothesis that 
the results are driven by contemporaneous 
shocks. These results motivate our assumption 
that there are also no contemporaneous shocks 
confounding the  CZ-level event studies.

IV. Results

Using the  CZ-level event study approach, 
we consistently fi nd that investments in mod-
ern manufacturing capital lead to an increase in 
labor demand.

Figure  3 reports the patterns with our fi rst 
measure, investment in industrial equipment. 
There are no signs of  pretrends, and employment 
increases after the investment event. The fi gure 
shows that both manufacturing employment 
and total employment increase, but the effect is 
much stronger for manufacturing employment, 
with a  semielasticity of about 0.05 after 5 years.

Next, we repeat the analysis using our second 
measure, imports of machines relating to indus-
trial automation as in Acemoglu and Restrepo 
(2022). Figure  4 shows that the patterns are 
very similar to our fi rst measure: there are no 
 pretrends, and we observe an increase in CZ 
employment after the investment event, which 

Treated

Untreated

Treated

Untreated

Figure 1.  CZ-Level Investment Events for Industrial 
Equipment

Notes: This fi gure shows the distribution of  CZ-level invest-
ments in industrial equipment. Treated CZs experience a 
change in the balance sheet value of industrial equipment 
above median at least once between 2003 and 2016.

Figure 2.  CZ-Level Investment Events for Industrial 
Automation

Notes: This fi gure shows the distribution of  CZ-level invest-
ments in industrial automation. Treated CZs experience a 
change in imports of industrial automation machines above 
median at least once between 2003 and 2016.

−0.04

−0.02

0

0.02

0.04

0.06

0.08

E
st

im
at

ed
 s

em
ie

la
st

ic
ity

−5 −4 −3 −2 −1 0 1 2 3 4 5
Year relative to change

Total employment

Manufacturing
employment

Figure 3. The Response of CZ Employment to 
Investment in Industrial Equipment

Notes: This fi gure documents the response of  CZ-level total 
and manufacturing employment to investments in industrial 
equipment, using specifi cation (1). Standard errors are clus-
tered by CZs.
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is driven by manufacturing employment, with a 
semielasticity of 0.04 after 5 years.

To understand the channel at play, we ana-
lyze the response of manufacturing sales. 
Figure  5 shows a strong increase in manufac-
turing sales right after the investment event. The 
semielasticity is 0.1 from the first year after the 
event and remains stable thereafter. This finding 
is consistent with a productivity channel of mod-
ern manufacturing capital: firms invest to reduce 
their production costs, then can  reduce consumer 
prices, expand their sales, and thus have higher 
labor demand.

Finally, Figure  6 documents an increase in 
CZ wages after the investment event, with a 
semielasticity of 0.01 after 5 years. Thus, the 
CZ-level increase in labor demand brought about 
by modern manufacturing capital results in both 
higher employment and higher wages, which is 
consistent with the fact that labor mobility across 
CZs is limited. In contrast, at the firm level, 
Aghion et al. (2022) find that the increase in labor 
demand from modern manufacturing capital goes 
entirely through changes in employment, with 
no change in wages. Indeed, worker mobility is 
much higher across firms than across CZs.

V.  Conclusion

In Aghion et al. (2022), we find that invest-
ments in modern manufacturing capital—
including automation technologies in the sense 
of Acemoglu and Restrepo (2022)—lead to an 

increase in employment at the firm and industry 
levels. In this paper, we showed that the same 
conclusion carries over to the local labor mar-
ket level. Aghion et al. (2022) also document a 
fall in the labor share at the firm level, which is 
consistent with the task-based framework since 
the canonical framework cannot rationalize the 
observed fall in the labor share. 

Overall, our finding of a positive employment 
response at all levels of analysis implies that the 
relevant model is a task-based framework where 
the productivity effect dominates the displace-
ment effect.

Figure 4. The Response of CZ Employment to 
Investment in Industrial Automation

Notes: This figure documents the response of CZ-level total 
and manufacturing employment to imports of automation 
technologies in the sense of Acemoglu and Restrepo (2022), 
using specification (1). Standard errors are clustered by CZs.

Figure 6. The Response of CZ Wages to Investment in 
Industrial Equipment

Notes: This figure documents the response of CZ-level 
wages to investment in industrial equipment, using specifi-
cation (1). Standard errors are clustered by CZs.

Figure 5. The Response of CZ Manufacturing Sales to 
Investment in Industrial Equipment

Notes: This figure documents the response of CZ-level man-
ufacturing sales to investments in industrial equipment, 
using specification (1). Standard errors are clustered by CZs.
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Our results are consistent with a growing 
literature using event studies to estimate the 
firm-level employment effects of automation and 
robotization. Indeed, most studies document a 
positive employment response (e.g., Acemoglu, 
Lelarge, and Restrepo 2020; Dixon, Hong, and 
Wu 2019; Domini et  al. 2021; Humlum 2021; 
Koch, Manuylov, Smolka 2021), with a few 
studies estimating a negative effect (Bessen 
et al. 2020; Bonfiglioli et al. 2020).
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