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The economy consists of |C| commuting zones. Each commuting zone ¢ £ C has preferences

defined over an aggregate of the consumption of the output of |I| industries, given by

Y, — (Z .:ﬁ-:r;?]) T (1)

el
where o > 0 denotes the elasticity of substitution across goods produced in different industries,

while the a;’s are share parameters designating the importance of industry i in the consumption

aggregate (with 3 . ;04 =1).
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In the autarky equilibrium, each commuting zone can consume only its own production of
each good, denoted by X4 for the output of industry i in commuting zone ¢. Hence, for alli € T

and ¢ € C, we have
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Each industry produces output by combining a continuum of tasks indexed by s € [0, 5]. We
denote by r(s) the quantity of task s utilized in the production of X . These tasks must be
combined in fixed proportions so that

X — A mi (5)}.
ci :'tSIET['u'?S]{Tm{S”
where A, designates the productivity of industry i. Differences in the A5's and the o;'s will

translate into different industrial compositions of employment across commuting zones.
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(s) reil8) + ylg(s)  if 8 < M;
Tl 5] =
- i () if s = M,
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Finally, we specify the supply of robots and labor in each commuting zone as follows

W, = W.Y.L;, with = > 0; and (2)
T
Q. - Q. (E) . with 7 > 0,
Y,

- /

Acemoglu & Restrepo Robots and Job Evidence



4 N

An equilibrium is defined as a set of prices {W,., ().} ¢ and quantities {L., R} ¢ such
that in all commuting zones, firms maximize profits, labor and robot supplies are given by (2)

and the markets for labor and robots clear, i.e.,

Ef and Z[ﬂ reils) =R (3)

el [i:I l] icl

. /
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AssUMPTION 1 7. > 0 for all c € C.

This assumption allows us to focus on the case of interest in which improvements in automa-
tion (increases in M;) are binding and affect wages and employment. Using this assumption, we

can derive an expression for the demand for labor L2,

ProrosiTiON 1 The demand for labor LY in commuting zone ¢ satisfies:

dM;

el icT
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ProrPosITION 2 In autarky, the impact of robots on employment and wages is given by

dlnLc=_l+Ezfﬂ erf 1+ﬂ z g el dM;

d?l.;f 8 dM;
dmw.:=—qu M-_[H”:'“*Ef” :EI_H__
icT f icT . o

.

~

(5)

(6)

/
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Proposition 2 summarizes the effects of robots as a function of the changes in the robotics
technology, dM;. More convenient for our empirical work is to link the responses of employment
and wages to changes in the adoption of robots. When M; == 0—a reasonable approximation to

the US economy circa 1990—this can be done in the following fashion:®

Sier, dM; dM; 1 daits
E i P s E .E'ml I == - Fi L. 'S erposure to robots (7)
el el icT

. /
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Preferences in each commuting zone are again defined by the same ageregate over consump-
tion goods as in (1), but now these consumption goods are themselves assumed to be aggregates

of varieties sourced from all commuting zones, given by

A1 At
Yo = (E E'S!-}fm—'r) (for all ¢ and 1), (8)
s
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An equilibrium is defined in the same way as in the closed economy, but now requires, in

addition, that trade is balanced for each commuting zone ¢ £ C, ie,

Yo=Y XoiPxa.

icT
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ProrosiTiON 3 In the trading equilibrium, the demand for labor LY in commuting zone c sal-

isfies:

dM;
dlnL? = — Efﬁm — A Efﬂdmpm +{A— E}Z feidln By; + dlnY. (9)
el icl el

. /
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3. Empirical Specification
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We now discuss the implications of the autarky and the trading equilibria for our empirical
strategy.

When M; == 0, both our autarky and trade models imply that the effects of robots on
emplovment and wages can be estimated using the following two equations:
dln L, =3% Z ffL—ﬁ_" + & and din W, =% Z fd%"' +e¥, (10

1€l ieT

where el and " are unohserved shocks, and 8% and 3% are random (heterogeneous) coefficients.
In the autarky equilibrium, equation (7) implies that these coefficients are given as

1+79 1+7Yy 1 : 1
o= (e — 12 - an B =((1+mpme —m) >
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In this antarky setting, agpregate effects of robots are also given by averages of these heteroge-
neous coefficients.

More realistic and relevant for our investigation is the setting with trade between commuting
zones. In this case, when in addition 7. s 7, the expressions in Proposition A3 can be simplified

to yield the following approximations to 3% and g%

1+ 1+ A+1-— -
Bt e (loeeh + (1 — sep)o)me — i L) e (11)
= (e mEE = - - sa))d - ) ) e (nr - 1)+ 2521 ) ) 22

where
|:1 1T E:ISCL
(1+e)sec A+ (1+m)(1 —ser)

Ma
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In fact, again focusing on the case where 7, = 7, the Appendix shows that the aggregate

employment and wage effects are

1 rﬂ-?
agorepate emplovment effects = 1—: (12)
4EI
r.fR
agrregate wage effects = (1 + g7 —
4EI

. /
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4. Data, Descriptive Statistics and First Stage
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These observations motivate the construction of our exposure to robots variable as

Erposure to robots 1070 R; a007 K 1003
= E 57 | pao — Pan ' :

from 1993 to 2007, i L; 1900 L; 1900

.

(13)

/
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We construct the US exposure to robots in an analogous fashion:

US exposure to szgum R;ng'ﬁc'm.)
Ll 5

- Ef-fm R (14)
robots from 2004 to 2007, <3 Litooo  Li oo

where we use the 1900 distribution of employment across industries, {2 as the baseline for
this measure to match it more closely to theory (and the mean reversion concern mentioned

above is not pertinent in this case, since this measure will be instrumented by the exogenous
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Figure 5 provides a visual representation of our first-stage relationship in the form of a residual
plot. The first stage, which will b used in our instrumental variables exercises and is shown
in this figure, links the US exposure to robots to the (exogenous) exposure to robots computed
from the European data. More precisely, our first stage takes the form

Rig.. RYZ R; R
1990 1, 2T 12004 | L el 4, 2007 L1003
E 'Elc:. (LUS - LUS ) =0 Efﬁ (FEEI (Li:lgg]) — Pao (Lf11gg|] )) + Fxc,lﬂﬂlﬂ + Ve,

= 11000 41990 i€l
(15)

where X, joop is a vector of controls, and as noted above, psp denotes the 30th percentile.

. /
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5. Results
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We next turn to the impact of robots on wages. Because robots affect employment, they are

also likely to influence the composition of employed workers. To minimize the impact of such

compositional changes, we estimate a variant of equation (10) that fully takes into account the
differences in the observable characteristics of employved individuals. In particular, our estimating

equation s now

In Weg 200 — In Weg 1000 = 8" - Exposure to mobots 1993-2007, + ehy .
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6. Concluding Remarks
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Figure 1: Industrial robots in the United States and Europe
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Note: Industrial robots per thousand workers in the United States and Europe. Data from the International Federation of Robotics (IFR).
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Figure 2: Industry-level changes in the use of robots, Chinese

imports, capital stock and IT capital
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Note: This figure plots the increase in the number of robots per thousand workers between 1993 and 2007, the increase in the dollar value
of Chinese imports per worker between 1990 and 2007, the growth of the capital stock between 1990 and 2007, and the growth of the
stock of IT capital between 1990 and 2007 for the 19 industries for which we have the IFR data.
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Figure 3: Geographic distribution of the exposure to robots, the

exposure to Chinese imports, Mexican imports, routine jobs, and
the exposure to offshoring
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Note: The maps depict the distribution of our exposure to robots variable (both with and without the exposure resulting from automotive manufacturing), the exposure to
Chinese imports from 1990 to 2007 (from Autor, Dorn and Hanson, 2013), the exposure to Mexican imports from 1991 to 2007, the share of employment in routine jobs (as
defined in Autor, Dorn, and Hanson, 2015), and the exposure to the offshoring of intermediate inputs from 1993 to 2007 (from Feenstra and Hanson, 1999, and extended
by Wright, 2014). The population-weighted correlation between exposure to robots and the exposure to Chinese imports is 0.049 (and -0.0518 conditional on the
covariates included in column 3 of Table 2). The population-weighted correlation between the exposure to robots and exposure to Mexican imports is 0.43 (and 0.26
conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the share of routine jobs is 0.28 (and
0.11 conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the exposure to offshoring is
0.054 (and -0.002 conditional on the covariates included in column 3 of Table 2).
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Figure 3: Geographic distribution of the exposure to robots, the

exposure to Chinese imports, Mexican imports, routine jobs, and
the exposure to offshoring, Cont’d
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Note: The maps depict the distribution of our exposure to robots variable (both with and without the exposure resulting from automotive manufacturing), the exposure to
Chinese imports from 1990 to 2007 (from Autor, Dorn and Hanson, 2013), the exposure to Mexican imports from 1991 to 2007, the share of employment in routine jobs (as
defined in Autor, Dorn, and Hanson, 2015), and the exposure to the offshoring of intermediate inputs from 1993 to 2007 (from Feenstra and Hanson, 1999, and extended
by Wright, 2014). The population-weighted correlation between exposure to robots and the exposure to Chinese imports is 0.049 (and -0.0518 conditional on the
covariates included in column 3 of Table 2). The population-weighted correlation between the exposure to robots and exposure to Mexican imports is 0.43 (and 0.26
conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the share of routine jobs is 0.28 (and
0.11 conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the exposure to offshoring is
0.054 (and -0.002 conditional on the covariates included in column 3 of Table 2).
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Figure 3: Geographic distribution of the exposure to robots, the

exposure to Chinese imports, Mexican imports, routine jobs, and
the exposure to offshoring, Cont’d
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Note: The maps depict the distribution of our exposure to robots variable (both with and without the exposure resulting from automotive manufacturing), the exposure to
Chinese imports from 1990 to 2007 (from Autor, Dorn and Hanson, 2013), the exposure to Mexican imports from 1991 to 2007, the share of employment in routine jobs (as
defined in Autor, Dorn, and Hanson, 2015), and the exposure to the offshoring of intermediate inputs from 1993 to 2007 (from Feenstra and Hanson, 1999, and extended
by Wright, 2014). The population-weighted correlation between exposure to robots and the exposure to Chinese imports is 0.049 (and -0.0518 conditional on the
covariates included in column 3 of Table 2). The population-weighted correlation between the exposure to robots and exposure to Mexican imports is 0.43 (and 0.26
conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the share of routine jobs is 0.28 (and
0.11 conditional on the covariates included in column 3 of Table 2). The population-weighted correlation between exposure to robots and the exposure to offshoring is
0.054 (and -0.002 conditional on the covariates included in column 3 of Table 2).
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Figure 4: The relationship between robots adoption in Europe

and the United States
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Note: The top panel gives the scatter plot of the change in the number of robots per thousand workers in Europe between 1993 and 2007 and
in the United States between 2004 and 2007. The bottom panel shows the same relationship using the change in the number of robots per
thousand workers in Europe between 2004 and 2007. The solid line corresponds to the 450 line. Marker size indicates the share of US
employment in the corresponding industry.
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Figure 4: The relationship between robots adoption in Europe

and the United States, Cont’d
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Note: The top panel gives the scatter plot of the change in the number of robots per thousand workers in Europe between 1993 and 2007 and
in the United States between 2004 and 2007. The bottom panel shows the same relationship using the change in the number of robots per
thousand workers in Europe between 2004 and 2007. The solid line corresponds to the 450 line. Marker size indicates the share of US
employment in the corresponding industry.
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Figure 5: First-stage relationship
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Note: The figure shows the residual plot of US exposure to robots between 2004 and 2007 (converted to a 17-year equivalent change) against
the exposure to robots between 1993 and 2007 after the covariates in column 4 of Table 2 have been partialled out. The solid line shows the
regression coefficient from a weighted regression with commuting zone working-age population in 1990 as weights (coefficient =2.026,
standard error = 0.275). The dotted (red) line shows the weighted regression coefficient after the top 1% of the commuting zones with the
highest exposure to robots is excluded (coefficient =1.083, standard error = 0.135). Marker size indicates the share of the 1990 US working age
population in the corresponding commuting zone.
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Figure 6: Relationship between the exposure to robots and the

number of robot integrators

log of 14+number of integrators
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Exposure to robots from 1003 to 2007

Note: The figure shows the residual plot of the log of one plus the number of integrators in a commuting zone against the exposure to robots between 1993
and 2007 after the covariates in column 4 of Table 2 have been partialled out. The data on the location of robot integrators—the companies that program
and adapt robots for a given industrial application— is from Green Leigh and Kraft (2016). The solid line shows the regression coefficient from a weighted
regression with commuting zone working-age population in 1990 as weights (coefficient =0.501, standard error = 0.072). The dotted (red) line shows the
weighted regression coefficient after the top 1% of the commuting zones with the highest exposure to robots is excluded (coefficient =0.681, standard error
= 0.142). Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.
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Figure 7: Relationship between the exposure to robots and

employment
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Note: The figure shows the residual plot of the change in the employment to population ratio (Census private employment in the top panel; CBP
employment in the bottom panel) against the exposure to robots between 1993 and 2007 after the covariates in column 4 of Table 2 have been partialled
out. In both panels, the solid line shows the regression coefficient from a weighted regression with commuting zone working-age population in 1990 as
weights. The dotted (red) line shows the weighted regression coefficient after the top 1% of the commuting zones with the highest exposure to robots is
excluded. Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.
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Figure 7: Relationship between the exposure to robots and

employment, Cont’d
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Note: The figure shows the residual plot of the change in the employment to population ratio (Census private employment in the top panel; CBP
employment in the bottom panel) against the exposure to robots between 1993 and 2007 after the covariates in column 4 of Table 2 have been partialled
out. In both panels, the solid line shows the regression coefficient from a weighted regression with commuting zone working-age population in 1990 as
weights. The dotted (red) line shows the weighted regression coefficient after the top 1% of the commuting zones with the highest exposure to robots is
excluded. Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.
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Figure 8: Relationship between the exposure to robots and

wages
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Note: The figure shows the residual plot of the change in the log of wages (hourly wages in the top panel; weekly wages in the bottom panel) against the
exposure to robots between 1993 and 2007 after the covariates in column 4 of Table 2 have been partialled out. In both panels, the solid line shows the
regression coefficient from a weighted regression with commuting zone working-age population in 1990 as weights. The red dot line shows the weighted
regression coefficient after the top 1% of the commuting zones with the highest exposure to robots is excluded. Marker size indicates the share of the 1990
US working age population in the corresponding commuting zone.
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Figure 8: Relationship between the exposure to robots and

wages, Cont’d
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Note: The figure shows the residual plot of the change in the log of wages (hourly wages in the top panel; weekly wages in the bottom panel) against the
exposure to robots between 1993 and 2007 after the covariates in column 4 of Table 2 have been partialled out. In both panels, the solid line shows the
regression coefficient from a weighted regression with commuting zone working-age population in 1990 as weights. The red dot line shows the weighted
regression coefficient after the top 1% of the commuting zones with the highest exposure to robots is excluded. Marker size indicates the share of the 1990
US working age population in the corresponding commuting zone.

Acemoglu & Restrepo



Figure 9: Placebo checks
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Note: The figure shows the residual plot of the past change in employment and wages between 1970 and 1990 (Census private employment to population
ratio in the top panel; log of hourly wage in the bottom panel) against the exposure to robots between 1993 and 2007 after the covariates in column 4 of
Table 2 have been partialled out. In both panels, the solid line shows the regression coefficient from a weighted regression with commuting zone working-
age population in 1990 as weights. The dotted (red) line shows the weighted regression coefficient after the top 1% of the commuting zones with the
highest exposure to robots is excluded. Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.
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Figure 9: Placebo checks, Cont’d
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Exposure to robots from 1903 to 2007

Note: The figure shows the residual plot of the past change in employment and wages between 1970 and 1990 (Census private employment to population
ratio in the top panel; log of hourly wage in the bottom panel) against the exposure to robots between 1993 and 2007 after the covariates in column 4 of
Table 2 have been partialled out. In both panels, the solid line shows the regression coefficient from a weighted regression with commuting zone working-
age population in 1990 as weights. The dotted (red) line shows the weighted regression coefficient after the top 1% of the commuting zones with the
highest exposure to robots is excluded. Marker size indicates the share of the 1990 US working age population in the corresponding commuting zone.
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Figure 10: Relationship between the exposure to robots and

industry employment
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Note: The figure shows the estimates of the change in industry employment to population ratio against the exposure to robots between 1993 and 2007
conditional on the covariates in column 4 of Table 2. The green bars correspond to a long-differences specification similar to column 4 of Table 2; The rose
bars correspond to a long-differences specification similar to column 6 of Table 2, in which we downweigh outliers; the blue bars correspond to a stacked-
differences specification similar to column 2 of Table 3. For comparison, we also indicate with a dashed horizontal line the magnitude of the effect on Census

private employment to population ratio.
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Figure 11: Relationship between the exposure to robots and

occupation employment
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Note: The figure shows the estimates of the change in occupation employment to population ratio against the exposure to robots between 1993 and 2007
conditional on the covariates in column 4 of Table 2. The green bars correspond to a long-differences specification similar to column 4 of Table 2; The rose
bars correspond to a long-differences specification similar to column 6 of Table 2, in which we downweigh outliers; the blue bars correspond to a stacked-
differences specification similar to column 2 of Table 3. For comparison, we also indicate with a dashed horizontal line the magnitude of the effect on Census

private employment to population ratio.
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Figure 12: Relationship between the exposure to robots and

employment and wages by education group
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Note: The figure shows the estimates of the change in Census private employment to population ratio (top panel) and log of hourly wage (bottom panel)
against the (exogenous) exposure to robots between 1993 and 2007 conditional on the covariates in column 4 of Table 2. The figure shows the estimates
separately by education level and gender. The top panel indicates the education level. For each level we present our baseline estimates (analogous to those
in column 4 in Table 2) for all people, men and women.
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Figure 12: Relationship between the exposure to robots and

employment and wages by education group, Cont’d
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Note: The figure shows the estimates of the change in Census private employment to population ratio (top panel) and log of hourly wage (bottom panel)
against the (exogenous) exposure to robots between 1993 and 2007 conditional on the covariates in column 4 of Table 2. The figure shows the estimates
separately by education level and gender. The top panel indicates the education level. For each level we present our baseline estimates (analogous to those

in column 4 in Table 2) for all people, men and women.
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Figure 13: Relationship between the exposure to robots and the

wage distribution
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Note: The figure shows the estimates of the change in the 10th, 20th, . . ., and 90th wage deciles against the (exogenous) exposure to robots between 1993
and 2007 conditional on the covariates in column 4 of Table 2. The green bars correspond to a long-differences specification similar to column 4 of Table 2;
The rose bars correspond to a long-differences specification similar to column 6 of Table 2, in which we downweigh outliers; the blue bars correspond to a
stacked-differences specification similar to column 2 of Table 3.
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Table 1: Summary statistics

QUARTILES OF THE CHANCE IN EXPOSURE TO ROBOTS

ALL ZONES Q1 Q2 Q3 Y
N =729 N = 3M N =202 N =120 N =87

Panel A, Outcomes

Census private employment to population ratio (.354 0317 0357 03463 037

in 1940 0044 0.9 0049 00385 (.0249
0.381 0236 0250 [ E 0403
0074 0.7 0.4 0.3 0.0a7

Chanpe in Census private employment to (.294 1486 0418 -0.594 117

CEP employment to population ratio in 1990

population ratio foom 194060 to X007 (in pop) 22400 2349 2271 234 1.564
Chanpge in CBP employment to population 2.002 1627 2503 0,740 174
ratio from 1990 to 2007 (in pop) 3.749 4 &R0 3977 3547 2410
Chanpge of Census log employment from 1990 184684 27.132 21.978 15.101 10844
o BT (in peop) 14238 16804 15213 1100 0613
Change of CBF log employment. from 194060 to 23 M 32042 27.4550 12019 ABET
A7 (in p.p.) 17.430 21,023 16.540 13.146 10,871
Hourly wages in 1900 15.609 15.493 14.970 15262 16006
i ) 2.493 3065 2364 237 2 004
Change in the log of hourly wages from 1990 to -3.844 -1.803 -1.871 -6.397 . 236
i 5354 1331 3241 2960

Change in the log of weekly wages from 1990 to -5.253 -2MT -3.480 -7.236 2135

07 (in p.p.), adjusted for composition
M7 (in p.p.), adjusted for composition 5.0 5456 1.5885 3.791 1.022

Note: Sample means and standard deviations (in brackets) for the entire sample of commuting zones and by (population- weighted) quartiles of the
exposure to robots distribution. Panel A includes our main outcome variables, while Panel B is for the main covariates. See text for variable definitions and
sources.
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Table 1: Summary statistics, Cont’d

QUARTILES OF THE CHANCE IN EXPOSURE TO ROBOTS

ALL ZONES Q1 Q2 Q3 0
N =722 N =3 N =2 N =129 N =87

Panel B. Covariates

0.225 L150 0.233 0.253 0.2462
007 0053 0.073 0073 .062
0.136 (LUDBS 0.135 0153 1.167
055 (0.1036 .04 (.49 (.066
3,363 2.229 3.66T 1. 165 308
20550 1,246 2205 L ) 1.782
0.34G (.330 0240 0347 1357
(24 0.2 .25 LA 0.020
0.073 D48 0.0&32 (.0 L3
mEL (LG (.85 0.103 0.030
Exposure to Medean imports from 19491 to .26 1005 1.75G 1,058 2674
T B §| 0.850 1.821 1.2 2 304
0.658 G5l (.G (. 646:2 LG58
0025 0.5 0.7 LA 0.015
0.193 (.19G6 (0. 20 0187 1.1590
0054 063 (.64 (.10 0.047

Share of employment in manifcturing 1990

Share of employment in durables 1990

Exposure to Chiness imports from 194060 to 2007

Share of employment in routine jobs 1990

Exposure to offshoring from 1993 to 2007

Share of working-age population in 19400

Share of population with collepe in 1050

Note: Sample means and standard deviations (in brackets) for the entire sample of commuting zones and by (population- weighted) quartiles of the
exposure to robots distribution. Panel A includes our main outcome variables, while Panel B is for the main covariates. See text for variable definitions and
sources.
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Table 2: The impact of the exposure to robots on employment

and wages (long differences)

ESTIMATES FOR EMPLOYMENT a¥ND WaCEs FROM 1990 To 2007

(1] (2) (3 (4 (5} (6] T)

Fanel A Censes private employment to popelation ratio

-

Expasare to rabots fram. 179403 NI -0 TR e LT -1.125%* N T
a7 (OLEY (0282 ) L1ER) (0. 168 (0. 284 [1.234) (1388}
Oibeervntions T22 T22 T22 T22 T T21 714

Paps! B. CHF employment to popalstion ratio

o I iy -LITE* -1.231%%* -1.3107* -1.11E*** -1.018**= -1 B

Fa

Exposmare to robots from. 173
HT (OLGIRE) (DLATT) (0LITZ) (0.7 {0,410 [1.327) (08383}
Observntions T22 T22 T2 T2 T2 719 714

Parel C. Log hourly wage

Expasare to robots from. 109463 -2 2TE o Y R -1, = -1.478** -1 Rl -2 10 T
Ha7 (OLHFL) (D245 (DL2TE) (0. 3E2) 0. 1) [0.252) [0_Da8)

Obsermtions 163114 1E3114 183114 183114 183114 1 EHETET 13

-

Fanel [} Log weekly wage

Exposare to robots from 1993 to -2 Eaeee R T -2, g *+* -2.12g%** -2 I -2 G -2 TR ==
HuT [OLAEGY (027D (0.2687) (0,301 (0.4 [0.414) [0_583)
Obsermitions 1&3114 183114 183114 183114 183114 1G8E5T 18534
Covariates & spnplde restrictions:

Cenmos division durnemims " - o W y y i
Demnograpéies W o W Iy Iy
Bromd industry shares o o o o -
Trode, Routindxation s

OrEshoring

Unweighited W

Derwn-weights matlers o

Removes highly exposed areas -
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Table 3: The impact of the exposure to robots on employment

and wages (stacked differences)

STACKED-DMFFERENCES ESTIMATES 1900-2000 ano 2000-2007

(1) (2) (] [4) {3) (&)

FPanel A, Cepsus privmte employment to popelation ratio.

-} 5] = 04953 -1.35 4= SR -1.240pee -0.61 3%
0152, (0.146) (0.174) 0.139) (.330) (0111}
O bservtions 1444 1444 1444 1441 1427 1444

Panel B. CRP employment to populniion ratio.

Exposure to robots

-1 B == -1. 055 -1.877" -1 GG -2 450 -1.93 =
[ 0L (0.310) [0.256) [0L309) (674) [0.379)
{bservtions 1444 1444 1444 1436 1427 1444
Panel C. Log hourly wage

Exposure to robots

-1 el -1.0 e -2 1T -1 a5 -2 4R -2 510
(L343 (0.375) (0.513) {(L4385) (O18) (0.480)
O hservations amMarr 63T IMATT 184X aME43 Ll

FPanel I, Log weskly wage.

Exposure to robots

. -3.200 -3.97g% -2 AT = B S
{300 (0.434) (0604 [[L45T) (1.084) (0.764)

O hservations amMarr 63T IMATT J1TEE) aME43 Ll

Exposure to robots

Cowriates & sample restrictions:

Demographse, medustry shares and

L o W L o W
census division dummies
Trade, routimization and offshoring . o o . o
Unrweighted o
Down-weaghts outliers o
Removes highly exposed areas .
Commuting zone fioosd effects o
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Table 4: IV estimates of the change in exposure to robots on

employment and wages

IV ESTIMATES FROM 19400 0 HNA7

(1] [Z} [3) 4] (B ] T

Faneld A. First-stage for exposure to robobs in the L5

Exprenare to robats from 199 to 2 1Th*= 2 TR 2 [lp==e Pl | L.GEL==* 15565 I
pLLLIH (D_2E5) (D.2TE) {0020 {0.275) {0.257) [(LEEE) [0.135)
Obsermticns 122 T22 T22 T22 T2 T2l T4

Fanef . Census privite empioyament to poprlation miio

Instnomented exposure to robobs SIE ¥ SEJ 7L ST i i = T TR JAITLA Y 1 ERE
froen 1990 o 2007 (D.LED) (L1GE) (0L 1EL) {0115 {0.210] (193] [D.395)
First-stagre F stotistie 4.3 6.2 . bd. 2 e L) J6.E .2
Obsermtions 122 T22 T22 T22 T2 T21 Ti4

Papsl . CHF employment to population ratio

Instnnmented sxposure to robots -G -0 .G SIS i AL T2E** SULIT M -1.754"
from 19493 to 2007 (0270 (0217} (0.218) (0.207) (0.283) (0.197) (0977}
First-stage F stntistic .3 .2 i 1 b 2 36T 171 i e

=
Osermtions 122 T22 T2 T22 Tx2 714 T4
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Table 4: IV estimates of the change in exposure to robots on

employment and wages, Cont’d

[V ESTIMATES FROM 19900 TO 2007

3} [d} (&) i3] Wi

Panel [, Log boerdy wage.

Instnonented sxposuns to robots - LAgEe= -0 By == BTG {L.732*** -1 250 -1 ZTdre" -2 MR-
from 194K to 2007 (IL2GTY (0L 10 (.17E) (0.719) {0.X3T) [0L3E2) (0471}
First-stage F' stotistic &0.4 8a.2 dl.4 Lh.a MG 2649 £E.1

Dbsermiions 13114 183114 183114 183114 183114 18027 180534

Panel E. Log weskiy woge.

Instnanented sxposure to robots - LgEees -1.17ae= 1. Gry] == S NI -1.aE]*= -1.571%** -2 LR
from 19490 to 2007 (OU288) (02240 (0,170 0.7 (0. 40K [0.414) [0L4ET)

First-stagre F' stntistic .4 Lii fil.d Lh b o & p ) .1
Obsermtioons 1&3114 163114 183114 143114 183114 1GOEET 18055

Covarnates & semphs restrictions

Cenmas divisicn dummenies - . o o W W
Demogrpies o & o o o
Bromd industry shares o ¥ o o

[rnde, Foutindostion smd

Difshnring

Unwerighitead o

Down-weights muthers o

Removes highly exposed sareas
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Table 5: Placebo checks

(11 (2} (3} 4] (&) (&) T

Fonel A Censps private employment to popeiation rato

Exposare to robots from 1HE to 1.0k 00 1.141 .00 5Tk -3 -04EG
HWOT (DL (DL 136 L (0. 2402 (0.474) (0413 (0552}
Observmtion T22 T2Z 22 22 T2 714 Tld

Pamel B. Log hourdy wage

Expasare to rabots fram 193 to S -1.37* (1048 0.6 AL5dE {1 1&% 2418
HT [OUfdE) (D.T43) LIRS (0,064 (1,608 [[LESZ) [1LE7T)
Obsermtion OHLET O4ET MET MET HRET =52 10

Fanel C. Log weekly wage.

Exposare to robots from 1 to -1.130* -1.149 .33 0.440 |l {1.51% L ¥
HaT (DUBGE) (DET) {1000} {004 {1623 [LET3) [1.783)
Obsermiions GE4ET DO4ET HHET MET HHET L | 104
Covarintes & sample resstrictions

Censos division durnenies o+ " o of o o o+

Demographies o o o o o "
Browd industry shares o o o o "
Trade, Foutindostion smd

Ofishoring

Unwreighted o

Daown-weights ot Bers o

Remowves highly exposed arens "
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Table 6: The impact of the exposure to robots on employment

and wages (controlling for the automobile industry)

ESTIMATES THAT CONTROL FOIk CHANGES IN THE AUTO INDUSTREY

LOKNG-DIFFERERCES ESTIMATES STACHED-INFFERENCES ESTIMATES

{1) (2) (] La) L] (&)
Panel A. Cepmus priwmie employment to popelation ratio,
Exposure to robots in obher -1. 325w -1.254v -1. 246 BILIE - 1625 -1.60="
industries (ILB63) (0,942} (0.283) [0.464) (414) (0.326)
Exposure to robots in antomotive S LT N -1.020 -0. 053" 1 G5 -1.220 -1 162"

marmfacture (0123 0329 (0. 205 (01328 (24 (0.214)
(O bhssrvations TE T22 21 1444 1444 1441

Panel B. CBP employment to populstion ratio.

Exposure to robots in other -1.21 .85 {502 -2.285° -1.807 -1 40"
inclastries [1.173) (0620 (0.447) 11.245] (696 (0530
Exposure to robots in antomotive -1 M= -1. 2w -1 33 -1 B -1 860w -1.81 0=
manufacture (0.279) (0.483) (0.434) {(0.224) (0335) (0.283)
Oibservations TH T22 TIE 1444 1444 1435
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Table 6: The impact of the exposure to robots on employment

and wages (controlling for the automobile industry), Cont’d

ESTIMATES THAT CONTROL FOL CHANGES IN THE AUTO INDUSTRY

LONG-DIFFERENCES ESTIMATES STACKED-DNFFEREMCES ESTIMATES

i1) (2) () l4) L) (&)

Panel C. Log hourly wage.

Exposure to robots in obher -1. 948" -2 350 -1.846%" -1.200 -3 153 14
indastries (0.730) (0.781) (0.645) (1.285) (1.0007 (D.789)
Exposure to robots in antomotave -1.3s -1.726™" -2.243%" -1 5™ -2 1TE -1.93 "
manufacture [0L278) (0.441) [0.3ET) (0304 (h465) [0.353)
Ohsernitions 163114 163114 160030 AMaTT IMITT 318414

Panel I}, Log weakly wage.

Exposure to robots in obher -3 136G -2 A== -3.32=" -3.252 -4.264 -1.611

indastries (0.663) {1.000) (0.648) (1.585) (1.427) (1.014)
Exposure to robots in antocmotave -3 134 -2 33 -3 745 -k, 18 i L -3, Ofrye=.
manufacture (0.280) (0.536) (0.427) (0.372) ((a20) (0.438)
Dbservtions 163114 163114 150658 AMGATT aMGATT 31 7ESY

Covariates & sample restrichions:

Baeline covriates o o o o o o
U ok sl o o
Down-weaghts outhers o o
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Table 7: The impact of the exposure to robots on employment

and wages: isolating the impact of robots

ESTIMATES THAT CONTROL FOR OTHER TRENDS

EMPLOYMENT TO POPULATION Loc HOURLY WAGE

{1) {2) (] l4) {) (6]

Panel A. Control for the decline of indestries from 1970 to 1990

Exposure to robots from 1993 to o TH -0 0G5 N 1310 W -1 2%
2007 [0L156) (0.254) (0.221) (0L311) (0.3ad) [0.347)
Exposure to mxlustries in declme |7 -0.277" -0, 285 .52 -(h 436" -0 4"
from 1970 to 1900 (LG5 (0.0 (0.072) (0.121) (144 [0.024)
Observations TH T2 1 163114 163114 1G00R2

Papel B, Control for the nse of capatal m different industries

Exposure to robots from 1993 to (BT -1.111e - 107 -1 G -1 87Tee -1.03] v
2007 [0.145) (0.261) (0.234) [0.303) (0.419) [0.354)
Exposure to capital from 1990 to 3,132 (436 0875 1660 2.230 5Tl | il

2007 [1.437) (1.164) (0.978) [2.110) (2.500) [1.70)
TH T2 1 163114 163114 1G00R2

Panel C. Coptrol for the use of computers af work across commuriing sones

O hservations

Exposure to robots from 1903 to 743 -1.0r5"" -1.058%" -1.491 " -2.035"" -2.153™"
2007 [0L165) (0260 (0.234) (0L321) (0404 [0.354)
Change m oumber of computers (341" (090 0,065 -(hG2 0= -0. 737 0001

per workes from 1990 to Hi06 (0.194) (0.193) (0.161) [0.300) (0,280} [0.157)
O bservations G G a5 150411 158411 156390

Covanates & sample restrictions:

Baselne covrates o o o ¥ o o
Unweeighted . o
Downe-weights oatliers o o
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Table 8: The impact of the exposure to robots on employment

and wages: differential effects on men and women

LOoNG-DIFFERENCES ESTIMATES STACKED-DIFFERENCES ESTIMATES

{1 (2) () [4) 1) (6]

ESTIMATEE FOR MEN

FPanel A. Cepmus privaie employment to population ratio,

Change m exposure to robots from -1 = -1.416%= -1.316% -1.04g=== -1 TG -1 6=
1903 4o 2007 (0.193) (0.315) (0.281K (L132) (208) [0.164)
Ohesernitions T 722 T20 1444 1444 1442

Panel B. Log hourly wage.

Exposure to robots from 1998 to -1.518= -1.22g=" -3 2y -1 Qg Qees -1.0945% -1 473

2007 (L3P0 (0.453) (0.284) [0L4:0) (38K [0.551)

Ohsertions RO HmaEn s 162106 162106 158067
ESTIMATES FOR WOMEN

r v - - i E
Panel €. Census provate r.-r.'l.n.':.-_'l-':n::.']t o popelataon radio.

Change m exposure to robots from LE2Ee=" -0, 250e== -0.88] =" AL BaGee -1.iGT== -1.053r="
1908 4o 2007 (0.147) (0.243) (0.208) (0.122) (.175) [0.144)
Observntions T2 22 21 1444 1444 1442

Punpel 1. Log bourly wage.

Exposure to robots from 1993 to -1.4a7""" -2.095"" -1.05(" -1 g -2. 423 -1.518™"
2007 (0.237) (0.496) (D.488) (0.322) (0.546) (0.380)
Ohservations B2184 A2184 BE41) 164271 164271 160146

Covariates & sample restnchions:

Baseline covanates o . o o o W
U g o .
Dowrm-weghts castliers o W
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Table 9: The impact of the exposure to robots on different types

of income

MooeLs ™ LevELs MooeLs 1n Loas

{1 {7y [E1) () 7

D pros Toe BEA

Fened A. Tital Income

Change In exposure to robots from - 165,350 -EXRTHY -TAT 2 G TG40 SE- ) b -2AGE™ -2.B15" 2T
IEEY o 0T [Z30.508) [4565.035 ) (G641 [BE2.055) (0,520} {1.17a} {0.B4T) [1.156)

Limervations T2 T2 Tla T4 T2 T2 TLE T14

-GGE4" -3 ) -TML G - LT -2 GEE" L -1 7T . [k

| 1322} | L 1GG) [1.509)

Change It
NIOEEY

T [oeaa 307 EILE< A =0T

T2 [ Tl4

Uimervatlon T2 T2 TLE

435,560 151,456 -EM 25 BA4.005 0,383 -1.3 -1.435
[ 535.355] {1.300) {1.438) {1.023) [2.143)

Change It
IR bo 2O0T [=on.8E] ) [#Z3.701)

Uimervatlon T2 T2 TG Tl4 T21 721 T3 T3
[hara rnosm Toe TS
Prened [0, Tostal Income

Change Ir : 1o robots from 131,673 -115.60M 345401 155057 -1.612"=" -1 -2 G4 -2AnzE

(0BT} (0. 53]

TS i [148.254) (242258 [15G.80) [ara.10) {0,430}

Uimervatlon T2 T2 T4 Tl4 T2 T2 Tl4 Tl4

0 M7

Fend E '.'-:;,!::- Ineome

Change Ir ¢ Lo robots from -15.643 B0 [ -ATEa -157.722 -1.a10m=" .8

ITEER Eo

[100.845) [127.678) [171.102¥)

T2 T2 TlE 714 T2z T2 721 T4

o0z |DL42E]

mervatlons
Prnd F. Non-wage Income

Change In : 1o robots from 135316 28,435 -24.11 -1.34a5 k1| o141 0612 1084

ITEEY b 20T [T2.715) [151.154) [E2m17) [ 130y (o
Limervations T2 T2 a8 T4 T2 T2 711 T14
Covariales & semple restrictions:

Heseline covariales ¥ ¥ ¥ ¥ ¥ ¥ ¥ F
Umweighted o o

Down-wolghts cariliers o o

Removes highly exposed aress o r
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