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2. Robots, Employment and Wages: A 
Model
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2.1 Robots in Autarky Equilibrium
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2.2 Robots When Commuting Zones Trade
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3. Empirical Specification
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4. Data, Descriptive Statistics and First Stage
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4.1 Data Sources
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4.2 Exposure to Robots



Acemoglu & Restrepo Robots and Job Evidence



Acemoglu & Restrepo Robots and Job Evidence



Acemoglu & Restrepo Robots and Job Evidence

4.3 Descriptive Statistics
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4.4 First Stage
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5. Results
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5.1 Baseline Results for Employment
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5.2 Baseline Results for Wages
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5.3 Two-Stage Least Squares Estimates
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5.4 Quantitative Magnitudes



Acemoglu & Restrepo Robots and Job Evidence

5.5 Placebo Checks
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5.6 Robustness Checks
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5.7 Isolating the Impact of Robots
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5.8 Effects on Men and Women
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5.9 Effects by Industry, Occupation, 
Education and Wage Percentile
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5.10 Total and Non-Labor Income
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5.11 Back to Quantitative Magnitudes
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6. Concluding Remarks
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Figure 1: Industrial robots in the United States and Europe

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

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

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

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

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

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 45o line. Marker size indicates the share of US 
employment in the corresponding industry.



Acemoglu & Restrepo Robots and Job Evidence

Figure 4: The relationship between robots adoption in Europe 
and the United States, Cont’d

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 45o line. Marker size indicates the share of US 
employment in the corresponding industry.
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Figure 5: First-stage relationship

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

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

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

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

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 Robots and Job Evidence

Figure 8: Relationship between the exposure to robots and 
wages, Cont’d

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 9: Placebo checks

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

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

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

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

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

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

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

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

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)
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Table 3: The impact of the exposure to robots on employment 
and wages (stacked differences)
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Table 4: IV estimates of the change in exposure to robots on 
employment and wages
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Table 4: IV estimates of the change in exposure to robots on 
employment and wages, Cont’d
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Table 5: Placebo checks
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Table 6: The impact of the exposure to robots on employment 
and wages (controlling for the automobile industry)
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Table 6: The impact of the exposure to robots on employment 
and wages (controlling for the automobile industry), Cont’d



Acemoglu & Restrepo Robots and Job Evidence

Table 7: The impact of the exposure to robots on employment 
and wages: isolating the impact of robots
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Table 8: The impact of the exposure to robots on employment 
and wages: differential effects on men and women
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Table 9: The impact of the exposure to robots on different types 
of income
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