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Programmers vs. Machine Learning
Truck Drivers vs. Autonomous Vehicles

The differential impact of AI
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Small cities face greater impact from automation, J. of the Royal Soc. Interface (2018)

The differential impact of AI

Exp. Job Impact
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Embrace Complexity

Tasks &
 Skills

Occupations &
 EmploymentLocal Labor Markets

• differential impact of automation 
• skill & wealth disparity 
• spatial career mobility

• career trajectories 
• viable retraining 
• job polarization

Bartender

Executive

Programmer

Persuasion

Mathematics

Stamina

Vision

• interaction with technology 
• skill complementarity 
• education
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Embrace Complexity
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 Skills
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Constructing the Skillscape
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I(i, s) =

(
1 if rca(i, s) > 1,

0 otherwise.
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Unpacking the polarization of workplace skills
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Skill polarization explains occupational 
polarization
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Dishwasher ($18k)

Taxi Driver ($23k)

Chiropractor ($80k)

Chief Executive ($166k)

Increasing annual wages
cognitivej =

X

s2C

onet(j, s)

X

s2S

onet(j, s)

Pearson Correlation: 0.417 (p<10-26)

Unpacking the polarization of workplace skills, Science Advances (2018)
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Yuma, AZ ($41k)

Detroit, MI ($52k)

New York, NY ($67k)
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Increasing median household income

(also population)

Skill polarization and economic well-
being

cognitivej =

X

s2C

onet(j, s)

X

s2S

onet(j, s)

Pearson Correlation: 0.254 (p<10-4)

Unpacking the polarization of workplace skills, Science Advances (2018)
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Skill polarization and career mobility
Waitstaff ($23k) Bartender ($24k)

Mechanics  
Supervisor ($66k)

Mechanical Tool  
Setter ($38k)

Retail  
Supervisor ($43k)

Sales Engineer ($107k)

Low Cognitive Skill 

Mid Cognitive Skill 

High Cognitive Skill 
Unpacking the polarization of workplace skills, Science Advances (2018)
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Explaining low- and high-skill employment

Unpacking the polarization of workplace skills, Science Advances (2018)
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?
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Programmer

Mathematician

Taxi Driver

I(i, s) =

(
1 if rca(i, s) > 1,

0 otherwise.
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Connecting Occupations

skillsim(i, j) =
X

s2Skills

ws
I(i, s) + I(j, s)

2
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Connecting Occupations

Total Skill Similarity(i) =
X

j2Jobs,j 6=i

skillsim(i, j)
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Connecting urban workforces

Chicago, IL

Orlando, FL

\
<latexit sha1_base64="GsUEIzNKzOZzaQ4pnLic0vUrDXo=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgo10EEwPJEeY2m2TJ7t6xuyeEI3/BxkIRW/+Qnf/GveQKTXww8Hhvhpl5USK4sb7/7ZXW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrToSGCa5Yy3IrWCfRDGUk2GM0ucn9xyemDY/Vg50mLJQ4UnzIKdpc6lFM+tWaX/fnIKskKEgNCjT71a/eIKapZMpSgcZ0Az+xYYbacirYrNJLDUuQTnDEuo4qlMyE2fzWGTlzyoAMY+1KWTJXf09kKI2Zysh1SrRjs+zl4n9eN7XD6zDjKkktU3SxaJgKYmOSP04GXDNqxdQRpJq7Wwkdo0ZqXTwVF0Kw/PIqaV/UA78e3F/WGndFHGU4gVM4hwCuoAG30IQWUBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQHOjjk=</latexit><latexit sha1_base64="GsUEIzNKzOZzaQ4pnLic0vUrDXo=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgo10EEwPJEeY2m2TJ7t6xuyeEI3/BxkIRW/+Qnf/GveQKTXww8Hhvhpl5USK4sb7/7ZXW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrToSGCa5Yy3IrWCfRDGUk2GM0ucn9xyemDY/Vg50mLJQ4UnzIKdpc6lFM+tWaX/fnIKskKEgNCjT71a/eIKapZMpSgcZ0Az+xYYbacirYrNJLDUuQTnDEuo4qlMyE2fzWGTlzyoAMY+1KWTJXf09kKI2Zysh1SrRjs+zl4n9eN7XD6zDjKkktU3SxaJgKYmOSP04GXDNqxdQRpJq7Wwkdo0ZqXTwVF0Kw/PIqaV/UA78e3F/WGndFHGU4gVM4hwCuoAG30IQWUBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQHOjjk=</latexit><latexit sha1_base64="GsUEIzNKzOZzaQ4pnLic0vUrDXo=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgo10EEwPJEeY2m2TJ7t6xuyeEI3/BxkIRW/+Qnf/GveQKTXww8Hhvhpl5USK4sb7/7ZXW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrToSGCa5Yy3IrWCfRDGUk2GM0ucn9xyemDY/Vg50mLJQ4UnzIKdpc6lFM+tWaX/fnIKskKEgNCjT71a/eIKapZMpSgcZ0Az+xYYbacirYrNJLDUuQTnDEuo4qlMyE2fzWGTlzyoAMY+1KWTJXf09kKI2Zysh1SrRjs+zl4n9eN7XD6zDjKkktU3SxaJgKYmOSP04GXDNqxdQRpJq7Wwkdo0ZqXTwVF0Kw/PIqaV/UA78e3F/WGndFHGU4gVM4hwCuoAG30IQWUBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQHOjjk=</latexit><latexit sha1_base64="GsUEIzNKzOZzaQ4pnLic0vUrDXo=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgo10EEwPJEeY2m2TJ7t6xuyeEI3/BxkIRW/+Qnf/GveQKTXww8Hhvhpl5USK4sb7/7ZXW1jc2t8rblZ3dvf2D6uFR28SppqxFYxHrToSGCa5Yy3IrWCfRDGUk2GM0ucn9xyemDY/Vg50mLJQ4UnzIKdpc6lFM+tWaX/fnIKskKEgNCjT71a/eIKapZMpSgcZ0Az+xYYbacirYrNJLDUuQTnDEuo4qlMyE2fzWGTlzyoAMY+1KWTJXf09kKI2Zysh1SrRjs+zl4n9eN7XD6zDjKkktU3SxaJgKYmOSP04GXDNqxdQRpJq7Wwkdo0ZqXTwVF0Kw/PIqaV/UA78e3F/WGndFHGU4gVM4hwCuoAG30IQWUBjDM7zCmye9F+/d+1i0lrxi5hj+wPv8AQHOjjk=</latexit>

=<latexit sha1_base64="VJYqbOO/eiZT+X1ARjgolJv6ius=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljplytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWavd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AY7ojMg=</latexit><latexit sha1_base64="VJYqbOO/eiZT+X1ARjgolJv6ius=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljplytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWavd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AY7ojMg=</latexit><latexit sha1_base64="VJYqbOO/eiZT+X1ARjgolJv6ius=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljplytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWavd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AY7ojMg=</latexit><latexit sha1_base64="VJYqbOO/eiZT+X1ARjgolJv6ius=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ8KK3FuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1Ljplytu1Z2DrBIvJxXIUe+Xv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzQ+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjMviYDrpAZMbGEMsXtrYSNqKLM2GxKNgRv+eVV0rqoem7Va1xWavd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AY7ojMg=</latexit>

Chicago-Orlando 
Employment Overlap
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Connecting urban workforces

Boston, MA

Napa, CA

\
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Boston-Napa 
Employment Overlap

~c
a

= [. . . , I(a, j), . . . ]
j2Jobs

<latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit>

job tightness(a, b) =
hJJ · (~ca + ~cb)i

hJJi
<latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit>
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Connecting skills to spatial mobility

Enplaned Passengers Migration

Two Types of Intercity Mobility:
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Connecting skills to spatial mobility

~c
a

= [. . . , I(a, j), . . . ]
j2Jobs

<latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit><latexit sha1_base64="E4R5bV4GaiPGz52u1LKEOMZ8Qe0=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoUsqMCLoRCm6sqwr2Ae0wZNK0TZtJhiRTKEP/wY2/4saFIm7duPNvTKddaOuBwMk5997kniBiVGnH+bYyK6tr6xvZzdzW9s7unr1/UFcilpjUsGBCNgOkCKOc1DTVjDQjSVAYMNIIhjdTvzEiUlHBH/Q4Il6Iepx2KUbaSL591h4RnOCJj65b7Y7QqlgpoOLgtJhePD8ZtCmHdyJQE9/OOyUnBVwm7pzkwRxV3/4yQ3AcEq4xQ0q1XCfSXoKkppiRSa4dKxIhPEQ90jKUo5AoL0l3msATo3RgV0hzuIap+rsjQaFS4zAwlSHSfbXoTcX/vFasu1deQnkUa8Lx7KFuzKAWcBoQ7FBJsGZjQxCW1PwV4j6SCGsTY86E4C6uvEzq5yXXKbn3F/lyZR5HFhyBY1AALrgEZXALqqAGMHgEz+AVvFlP1ov1bn3MSjPWvOcQ/IH1+QMo5Z23</latexit>

job tightness(a, b) =
hJJ · (~ca + ~cb)i

hJJi
<latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit><latexit sha1_base64="Mix3NsYRSOzCM90W0DTrrH81YG8="></latexit>
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Not all skills are equal 

Use supervised CMA-ES to  
learn skill weights (ws)
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Connecting skills to spatial mobility
Dependent Variable: log10(enplaned passengersa,b)

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Weighted Job Tightness 0.867⇤⇤⇤ 0.815⇤⇤⇤ 0.841⇤⇤⇤

Log Employment 0.560⇤⇤⇤ 0.085⇤⇤⇤ 0.203⇤⇤⇤ 0.091⇤⇤⇤

Log Distance 0.095⇤⇤⇤ 0.016⇤⇤ 0.097⇤⇤⇤ 0.013⇤

Characteristic Job Overlap 0.585⇤⇤⇤ �0.035⇤⇤⇤

R2 0.752 0.330 0.757 0.545 0.757

adj. R2 0.752 0.330 0.757 0.545 0.757
pval < 0.1⇤, pval < 0.01⇤⇤, pval < 0.001⇤⇤⇤

<latexit sha1_base64="N7xdArZaY1qSoQbhFxJmsK9dLGA="></latexit><latexit sha1_base64="N7xdArZaY1qSoQbhFxJmsK9dLGA="></latexit><latexit sha1_base64="N7xdArZaY1qSoQbhFxJmsK9dLGA="></latexit><latexit sha1_base64="N7xdArZaY1qSoQbhFxJmsK9dLGA="></latexit>

Dependent Variable: log10(migrationa,b)

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Weighted Job Tightness 0.520⇤⇤⇤ 0.548⇤⇤⇤ 0.631⇤⇤⇤

Log Employment 0.404⇤⇤⇤ 0.114⇤⇤⇤ 0.155⇤⇤⇤ 0.132⇤⇤⇤

Log Distance �0.306⇤⇤⇤ �0.395⇤⇤⇤ �0.357⇤⇤⇤ �0.395⇤⇤⇤

Characteristic Job Overlap 0.427⇤⇤⇤ �0.105⇤⇤⇤

R2 0.271 0.225 0.427 0.340 0.429

adj. R2 0.271 0.225 0.427 0.339 0.429
pval < 0.1⇤, pval < 0.01⇤⇤, pval < 0.001⇤⇤⇤

<latexit sha1_base64="Ek6wf7I9xyhCRKVH6HsDkixpKjg="></latexit><latexit sha1_base64="Ek6wf7I9xyhCRKVH6HsDkixpKjg="></latexit><latexit sha1_base64="Ek6wf7I9xyhCRKVH6HsDkixpKjg="></latexit><latexit sha1_base64="Ek6wf7I9xyhCRKVH6HsDkixpKjg="></latexit>
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Explaining Job Tightness
tightness(Chicago,New York) = 0.98

<latexit sha1_base64="2MXPT8G+3ceqemRcicEBIz5cv+8=">AAACGXicbVBNSwMxEM3W7/pV9eglWAQFKbsiqAdB8KIXUbBWaUvJptM2NJssyaxalv4NL/4VLx4U8agn/43px0FbHwy8vDdDZl4YS2HR97+9zMTk1PTM7Fx2fmFxaTm3snptdWI4FLmW2tyEzIIUCoooUMJNbIBFoYRS2D7p+aU7MFZodYWdGKoRayrREJyhk2o5H0WzhQqs3aogPGB60nJeU3d3Bs9zuKe32rS720d+4fAgm63l8n7B74OOk2BI8mSIi1rus1LXPIlAIZfM2nLgx1hNmUHBJXSzlcRCzHibNaHsqGIR2Grav6xLN51Spw1tXCmkffX3RMoiaztR6Dojhi076vXE/7xygo2DaipUnCAoPviokUiKmvZionVhgKPsOMK4EW5XylvMMI4uzF4IwejJ4+R6txD4heByL398NoxjlqyTDbJFArJPjskpuSBFwskjeSav5M178l68d+9j0JrxhjNr5A+8rx9qKZ/X</latexit><latexit sha1_base64="2MXPT8G+3ceqemRcicEBIz5cv+8=">AAACGXicbVBNSwMxEM3W7/pV9eglWAQFKbsiqAdB8KIXUbBWaUvJptM2NJssyaxalv4NL/4VLx4U8agn/43px0FbHwy8vDdDZl4YS2HR97+9zMTk1PTM7Fx2fmFxaTm3snptdWI4FLmW2tyEzIIUCoooUMJNbIBFoYRS2D7p+aU7MFZodYWdGKoRayrREJyhk2o5H0WzhQqs3aogPGB60nJeU3d3Bs9zuKe32rS720d+4fAgm63l8n7B74OOk2BI8mSIi1rus1LXPIlAIZfM2nLgx1hNmUHBJXSzlcRCzHibNaHsqGIR2Grav6xLN51Spw1tXCmkffX3RMoiaztR6Dojhi076vXE/7xygo2DaipUnCAoPviokUiKmvZionVhgKPsOMK4EW5XylvMMI4uzF4IwejJ4+R6txD4heByL398NoxjlqyTDbJFArJPjskpuSBFwskjeSav5M178l68d+9j0JrxhjNr5A+8rx9qKZ/X</latexit><latexit sha1_base64="2MXPT8G+3ceqemRcicEBIz5cv+8=">AAACGXicbVBNSwMxEM3W7/pV9eglWAQFKbsiqAdB8KIXUbBWaUvJptM2NJssyaxalv4NL/4VLx4U8agn/43px0FbHwy8vDdDZl4YS2HR97+9zMTk1PTM7Fx2fmFxaTm3snptdWI4FLmW2tyEzIIUCoooUMJNbIBFoYRS2D7p+aU7MFZodYWdGKoRayrREJyhk2o5H0WzhQqs3aogPGB60nJeU3d3Bs9zuKe32rS720d+4fAgm63l8n7B74OOk2BI8mSIi1rus1LXPIlAIZfM2nLgx1hNmUHBJXSzlcRCzHibNaHsqGIR2Grav6xLN51Spw1tXCmkffX3RMoiaztR6Dojhi076vXE/7xygo2DaipUnCAoPviokUiKmvZionVhgKPsOMK4EW5XylvMMI4uzF4IwejJ4+R6txD4heByL398NoxjlqyTDbJFArJPjskpuSBFwskjeSav5M178l68d+9j0JrxhjNr5A+8rx9qKZ/X</latexit><latexit sha1_base64="2MXPT8G+3ceqemRcicEBIz5cv+8=">AAACGXicbVBNSwMxEM3W7/pV9eglWAQFKbsiqAdB8KIXUbBWaUvJptM2NJssyaxalv4NL/4VLx4U8agn/43px0FbHwy8vDdDZl4YS2HR97+9zMTk1PTM7Fx2fmFxaTm3snptdWI4FLmW2tyEzIIUCoooUMJNbIBFoYRS2D7p+aU7MFZodYWdGKoRayrREJyhk2o5H0WzhQqs3aogPGB60nJeU3d3Bs9zuKe32rS720d+4fAgm63l8n7B74OOk2BI8mSIi1rus1LXPIlAIZfM2nLgx1hNmUHBJXSzlcRCzHibNaHsqGIR2Grav6xLN51Spw1tXCmkffX3RMoiaztR6Dojhi076vXE/7xygo2DaipUnCAoPviokUiKmvZionVhgKPsOMK4EW5XylvMMI4uzF4IwejJ4+R6txD4heByL398NoxjlqyTDbJFArJPjskpuSBFwskjeSav5M178l68d+9j0JrxhjNr5A+8rx9qKZ/X</latexit>

tightness(Chicago, Indianapolis) = 0.81
<latexit sha1_base64="DncL4mUMEgIBYzshNoQwGNOCwYU=">AAACHXicbVBNSwMxEM3W7/Wr6tHLYhEUpOxKwV6Eghe9KdhWaJeSTadtaDZZklmxLP0jXvwrXjwo4sGL+G9MPw7a+iDw8t4MM/OiRHCDvv/t5BYWl5ZXVtfc9Y3Nre38zm7NqFQzqDIllL6LqAHBJVSRo4C7RAONIwH1qH8x8uv3oA1X8hYHCYQx7Ure4YyilVr5EvJuDyUYc9REeMDsome9rhqeTL5Xss2ppImyuwyPz/1iOXDdVr7gF/0xvHkSTEmBTHHdyn8224qlMUhkghrTCPwEw4xq5EzA0G2mBhLK+rQLDUsljcGE2fi6oXdolbbXUdo+id5Y/d2R0diYQRzZyphiz8x6I/E/r5FipxxmXCYpgmSTQZ1UeKi8UVRem2tgKAaWUKa53dVjPaopQxvoKIRg9uR5UjstBn4xuCkVKlfTOFbJPjkgRyQgZ6RCLsk1qRJGHskzeSVvzpPz4rw7H5PSnDPt2SN/4Hz9ADD7oeM=</latexit><latexit sha1_base64="DncL4mUMEgIBYzshNoQwGNOCwYU=">AAACHXicbVBNSwMxEM3W7/Wr6tHLYhEUpOxKwV6Eghe9KdhWaJeSTadtaDZZklmxLP0jXvwrXjwo4sGL+G9MPw7a+iDw8t4MM/OiRHCDvv/t5BYWl5ZXVtfc9Y3Nre38zm7NqFQzqDIllL6LqAHBJVSRo4C7RAONIwH1qH8x8uv3oA1X8hYHCYQx7Ure4YyilVr5EvJuDyUYc9REeMDsome9rhqeTL5Xss2ppImyuwyPz/1iOXDdVr7gF/0xvHkSTEmBTHHdyn8224qlMUhkghrTCPwEw4xq5EzA0G2mBhLK+rQLDUsljcGE2fi6oXdolbbXUdo+id5Y/d2R0diYQRzZyphiz8x6I/E/r5FipxxmXCYpgmSTQZ1UeKi8UVRem2tgKAaWUKa53dVjPaopQxvoKIRg9uR5UjstBn4xuCkVKlfTOFbJPjkgRyQgZ6RCLsk1qRJGHskzeSVvzpPz4rw7H5PSnDPt2SN/4Hz9ADD7oeM=</latexit><latexit sha1_base64="DncL4mUMEgIBYzshNoQwGNOCwYU=">AAACHXicbVBNSwMxEM3W7/Wr6tHLYhEUpOxKwV6Eghe9KdhWaJeSTadtaDZZklmxLP0jXvwrXjwo4sGL+G9MPw7a+iDw8t4MM/OiRHCDvv/t5BYWl5ZXVtfc9Y3Nre38zm7NqFQzqDIllL6LqAHBJVSRo4C7RAONIwH1qH8x8uv3oA1X8hYHCYQx7Ure4YyilVr5EvJuDyUYc9REeMDsome9rhqeTL5Xss2ppImyuwyPz/1iOXDdVr7gF/0xvHkSTEmBTHHdyn8224qlMUhkghrTCPwEw4xq5EzA0G2mBhLK+rQLDUsljcGE2fi6oXdolbbXUdo+id5Y/d2R0diYQRzZyphiz8x6I/E/r5FipxxmXCYpgmSTQZ1UeKi8UVRem2tgKAaWUKa53dVjPaopQxvoKIRg9uR5UjstBn4xuCkVKlfTOFbJPjkgRyQgZ6RCLsk1qRJGHskzeSVvzpPz4rw7H5PSnDPt2SN/4Hz9ADD7oeM=</latexit><latexit sha1_base64="DncL4mUMEgIBYzshNoQwGNOCwYU=">AAACHXicbVBNSwMxEM3W7/Wr6tHLYhEUpOxKwV6Eghe9KdhWaJeSTadtaDZZklmxLP0jXvwrXjwo4sGL+G9MPw7a+iDw8t4MM/OiRHCDvv/t5BYWl5ZXVtfc9Y3Nre38zm7NqFQzqDIllL6LqAHBJVSRo4C7RAONIwH1qH8x8uv3oA1X8hYHCYQx7Ure4YyilVr5EvJuDyUYc9REeMDsome9rhqeTL5Xss2ppImyuwyPz/1iOXDdVr7gF/0xvHkSTEmBTHHdyn8224qlMUhkghrTCPwEw4xq5EzA0G2mBhLK+rQLDUsljcGE2fi6oXdolbbXUdo+id5Y/d2R0diYQRzZyphiz8x6I/E/r5FipxxmXCYpgmSTQZ1UeKi8UVRem2tgKAaWUKa53dVjPaopQxvoKIRg9uR5UjstBn4xuCkVKlfTOFbJPjkgRyQgZ6RCLsk1qRJGHskzeSVvzpPz4rw7H5PSnDPt2SN/4Hz9ADD7oeM=</latexit>
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Tasks &
 Skills

Occupations &
 EmploymentLocal Labor Markets

• differential impact of automation 
• skill & wealth disparity 
• spatial career mobility

• career trajectories 
• viable retraining 
• job polarization

Bartender

Executive

Programmer

Persuasion

Mathematics

Stamina

Vision

• interaction with technology 
• skill complementarity 
• education

Unifying Perspectives 
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Unifying Perspectives 
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Machine
Vision

Unifying Perspectives 
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The structural resilience of urban labor markets

Beveridge Curve

Skill Removal

Current 
Employment

Low 
Employment

Tipping  
Point

Densely-Connected 
Labor Force

Sparsely-Connected 
Labor Force
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The structural resilience of urban labor markets

• Jianxi Gao, Baruch Barzel, & Alberto-
Laszlo Barabasi. Universal resilience 
patterns in complex networks. Nature 
(2016)  

• occupations -> animals,  
skills -> plants, 
cities -> ecosystems  

• exp. impact from automation strongly 
correlates with structural resilience 
measure from ecology Pearson: -0.86 without outliers
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Fellow Laborers (to name a few):

Lijun Sun

Manuel Cebrian

Hyejin Youn

Iyad Rahwan

César Hidalgo

Ahmad 
Alabdulkareem

Esteban Moro

Erik 
Brynjolfsson

Alex Rutherford

Daniel Rock

Inho Hong

Dashun Wang
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Skill polarization and education

Socio-cognitive  
skills

Sensory-physical 
skills

Unpacking the polarization of workplace skills, Science Advances (2018)



Unpacking complexity in 
workplace skills 

Morgan R. Frank 27

Skill polarization and Education
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Explaining Job Tightness

20 Least Tight City Pairs vs. 20 Most Tight City Pairs
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Cities race with the machines

Small cities face greater impact from automation, J. of the Royal Soc. Interface (2018)
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Chief Executive ($166k)

Chiropractor ($80k)

Taxi Driver ($23k)Dishwasher ($18k)

Yuma, AZ  
($41k)

Detroit, MI  
($52k)

New York, NY 
 ($67k)

cognitivej =

X

s2C

onet(j, s)

X

s2S

onet(j, s)

Skill polarization and economic well-
being


