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▸ Technological Progress: Efficiency (+) vs. Inequality (-)

▸ Rise of Robots (Acemoglu and Restrepo 2017)

▸ Rise of China (Autor, Dorn and Hanson 2013)

▸ Questions: 

1. When is technological progress welcome?

2. How should government policy respond?

Today: bridge theory with empirics  
to answer these policy questions



BACKGROUND

▸ First Best: Second Welfare Theorem 

▸ Lump-sum transfers ⇒ Redistribution without distortions 

▸ Second Best: Diamond and Mirrlees (1971) 

▸ Unconstrained linear taxation ⇒ Production efficiency 

▸ No trade taxes; no taxes on robots



THIS PAPER

▸ More realistic, restricted set of tax instruments 

▸ Nonlinear income tax + tax on robots/trade 

▸ before tax wages affected by policy (Naito 1999) 

▸ Predistribution vs. Redistribution 

▸ General framework 

▸ Common principles: robots & trade 

▸ Theory delivers relevant sufficient statistics  
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RESULTS
1. When is technological change welcome?

‣ Like in a first best world (despite not being first best) 

‣ No taxation of innovation 

‣ Impact of trade only depends on TOT 

‣ Formulas with sufficient statistics… 

▸ More robots/more trade may lower optimal taxes 

t* = function of observable elasticities and shares
Key sufficient statistic = elasticity effect on relative wages

2. How should government policy respond?



RELATED LITERATURE

▸ Optimal Taxation 

▸ Diamond-Mirrlees, Dixit-Norman 

▸ Naito, Guesnerie, Spector, Jacobs 

▸ Mayer-Riezman, Feenstra-Lewis, Rodrik, Helpman, Grossman-Helpman, 
Hosseini-Shourideh 

▸ Welfare impact of technological progress: 

▸ Solow, Hulten, Bhagwati, Baeqee-Farhi 

▸ Optimal tax on robots: Guerreiro-Rebelo-Teles, Thuemmel



ROADMAP

▸ General Framework 

▸ When Is Technological Change Welcome? 

▸ How Should Government Policy Respond? 

▸ Application to Robots and Trade



GENERAL 
FRAMEWORK
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✓ ⇠ F (✓)

U = u(C, n)

C = v({ci})

multidimensional skills allowed (e.g. Roy Model)

weak separability

G({yi}, {n(✓)})  0

<latexit sha1_base64="c07CGL5XGpJ7aDw7TTvagoVBddw="></latexit>

without loss of generality!

TRADE EXAMPLE

G⇤({y⇤i };�) =
X

p̄i(�)y
⇤
i

ROBOT + TASKS

G⇤(y⇤f , y
⇤
m) = �y⇤f + y⇤m

<latexit sha1_base64="ngxq5MM2MimWGUO0cgU2YEGPQb0="></latexit>

<latexit sha1_base64="vJLHoDnfilymw6pa46+RBx4dIAk="></latexit>

G⇤({y⇤i };�)  0
<latexit sha1_base64="Rj0UVGpQvB2ej+QfbO7Q7eJg6pw=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFqC5CUottcVN0ocsK9gJNDZPptB06uTgzEULI0o2v4saFIm59BHe+jUlaQUV/GPj4zzmcOb/tMyqkrn8oubn5hcWl/HJhZXVtfUPd3GoLL+CYtLDHPN61kSCMuqQlqWSk63OCHJuRjj05S+udW8IF9dwrGfqk76CRS4cUI5lYlrp7fh0dxiUzCq2Iximb8Ynpj+mByciNXrDUoq7VatUj/RhmUK7WZ1CvQEPTMxXBTE1LfTcHHg4c4krMkBA9Q/dlP0JcUsxIXDADQXyEJ2hEegm6yCGiH2WHxHA/cQZw6PHkuRJm7veJCDlChI6ddDpIjsXvWmr+VesFcljrR9T1A0lcPF00DBiUHkxTgQPKCZYsTABhTpO/QjxGHGGZZJeG8HUp/B/aZc3QNeOyUmyczuLIgx2wB0rAAFXQABegCVoAgzvwAJ7As3KvPCovyuu0NafMZrbBDylvn0ZwmYE=</latexit><latexit sha1_base64="Rj0UVGpQvB2ej+QfbO7Q7eJg6pw=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFqC5CUottcVN0ocsK9gJNDZPptB06uTgzEULI0o2v4saFIm59BHe+jUlaQUV/GPj4zzmcOb/tMyqkrn8oubn5hcWl/HJhZXVtfUPd3GoLL+CYtLDHPN61kSCMuqQlqWSk63OCHJuRjj05S+udW8IF9dwrGfqk76CRS4cUI5lYlrp7fh0dxiUzCq2Iximb8Ynpj+mByciNXrDUoq7VatUj/RhmUK7WZ1CvQEPTMxXBTE1LfTcHHg4c4krMkBA9Q/dlP0JcUsxIXDADQXyEJ2hEegm6yCGiH2WHxHA/cQZw6PHkuRJm7veJCDlChI6ddDpIjsXvWmr+VesFcljrR9T1A0lcPF00DBiUHkxTgQPKCZYsTABhTpO/QjxGHGGZZJeG8HUp/B/aZc3QNeOyUmyczuLIgx2wB0rAAFXQABegCVoAgzvwAJ7As3KvPCovyuu0NafMZrbBDylvn0ZwmYE=</latexit><latexit sha1_base64="Rj0UVGpQvB2ej+QfbO7Q7eJg6pw=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFqC5CUottcVN0ocsK9gJNDZPptB06uTgzEULI0o2v4saFIm59BHe+jUlaQUV/GPj4zzmcOb/tMyqkrn8oubn5hcWl/HJhZXVtfUPd3GoLL+CYtLDHPN61kSCMuqQlqWSk63OCHJuRjj05S+udW8IF9dwrGfqk76CRS4cUI5lYlrp7fh0dxiUzCq2Iximb8Ynpj+mByciNXrDUoq7VatUj/RhmUK7WZ1CvQEPTMxXBTE1LfTcHHg4c4krMkBA9Q/dlP0JcUsxIXDADQXyEJ2hEegm6yCGiH2WHxHA/cQZw6PHkuRJm7veJCDlChI6ddDpIjsXvWmr+VesFcljrR9T1A0lcPF00DBiUHkxTgQPKCZYsTABhTpO/QjxGHGGZZJeG8HUp/B/aZc3QNeOyUmyczuLIgx2wB0rAAFXQABegCVoAgzvwAJ7As3KvPCovyuu0NafMZrbBDylvn0ZwmYE=</latexit><latexit sha1_base64="Rj0UVGpQvB2ej+QfbO7Q7eJg6pw=">AAACCHicdZDLSsNAFIYn9VbrLerShYNFqC5CUottcVN0ocsK9gJNDZPptB06uTgzEULI0o2v4saFIm59BHe+jUlaQUV/GPj4zzmcOb/tMyqkrn8oubn5hcWl/HJhZXVtfUPd3GoLL+CYtLDHPN61kSCMuqQlqWSk63OCHJuRjj05S+udW8IF9dwrGfqk76CRS4cUI5lYlrp7fh0dxiUzCq2Iximb8Ynpj+mByciNXrDUoq7VatUj/RhmUK7WZ1CvQEPTMxXBTE1LfTcHHg4c4krMkBA9Q/dlP0JcUsxIXDADQXyEJ2hEegm6yCGiH2WHxHA/cQZw6PHkuRJm7veJCDlChI6ddDpIjsXvWmr+VesFcljrR9T1A0lcPF00DBiUHkxTgQPKCZYsTABhTpO/QjxGHGGZZJeG8HUp/B/aZc3QNeOyUmyczuLIgx2wB0rAAFXQABegCVoAgzvwAJ7As3KvPCovyuu0NafMZrbBDylvn0ZwmYE=</latexit>



“OLD” TECH 
FIRMS 

HOUSEHOLDS 

 

“NEW” TECH 
FIRMS 

U(C, n)

p, w

G(y, n) G⇤(y⇤)

p, w p



“OLD” TECH 
FIRMS 

HOUSEHOLDS 

“NEW” TECH 
FIRMS 

U(C, n)

G(y, n) G⇤(y⇤)

q, w, T

p, w p⇤



“OLD” TECH 
FIRMS 

HOUSEHOLDS 

“NEW” TECH 
FIRMS 

GOVERNMENT 
TAXES 

q ≠ p ≠ p*U(C, n)

G(y, n) G⇤(y⇤)

q, w, T

p, w p⇤



“OLD” TECH 
FIRMS 

HOUSEHOLDS 

“NEW” TECH 
FIRMS 

GOVERNMENT 
TAXES 

q ≠ p ≠ p*

PRODUCTION 
INEFFICIENCY 

p ≠ p*

U(C, n)

G(y, n) G⇤(y⇤)

q, w, T

p, w p⇤



TAXATION
▸ Household budget

X
pici = w(✓)n(✓)� T (w(✓)n(✓))



TAXATION
▸ Household budget Labor Income Taxation

X
pici = w(✓)n(✓)� T (w(✓)n(✓))



TAXATION
▸ Household budget

▸ Firms profits 

▸ Old Technology

▸ New Technology

<latexit sha1_base64="tUb9FEUvVCXoQBa6hd+isszmBQw=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWQLoaMtrbdFd24rGAf0E6HTJq2oZkHSaYwDP0TNy4UceufuPNvzLQVVPTAhcM593LvPV7EmVQIfRi5tfWNza38dmFnd2//wDw8asswFoS2SMhD0fWwpJwFtKWY4rQbCYp9j9OON73J/M6MCsnC4F4lEXV8PA7YiBGstOSaZl/GPoxcNiglg5LLoGsWkVWvlVGlDjWpXtmokpE6Qpc2tC20QBGs0HTN9/4wJLFPA0U4lrJno0g5KRaKEU7nhX4saYTJFI9pT9MA+1Q66eLyOTzTyhCOQqErUHChfp9IsS9l4nu608dqIn97mfiX14vVqOakLIhiRQOyXDSKOVQhzGKAQyYoUTzRBBPB9K2QTLDAROmwCjqEr0/h/6R9YdnIsu/Kxcb1Ko48OAGn4BzYoAoa4BY0QQsQMAMP4Ak8G6nxaLwYr8vWnLGaOQY/YLx9Ase+kxo=</latexit>

Labor Income Taxation

<latexit sha1_base64="RxpCPIS559Y61VVHPBTupd1XFKc=">AAACGXicdVDLSsNAFJ34rPUVdelmsAh1YUlE0O6KgrisYB/QhDCZTtuhk0mYuVFK6G+48VfcuFDEpa78G6cv8HngwuGce7n3njARXIPjfFhz8wuLS8u5lfzq2vrGpr21Xddxqiir0VjEqhkSzQSXrAYcBGsmipEoFKwR9s9HfuOGKc1jeQ2DhPkR6Ure4ZSAkQLb8XQa4STgeGDqEHtcAr4tetBjQA7kjLQvZiywC06pXHYM8G/ilpwxCmiKamC/ee2YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bfzbE+0Zp406sTJnDxurXiYxEWg+i0HRGBHr6pzcS//JaKXRO/YzLJAUm6WRRJxUYYjyKCbe5YhTEwBBCFTe3YtojilAwYeZNCLNP8f+kflRynZJ7dVyonE3jyKFdtIeKyEUnqIIuURXVEEV36AE9oWfr3nq0XqzXSeucNZ3ZQd9gvX8CQHSfNw==</latexit>

X
pici = w(✓)n(✓)� T (w(✓)n(✓))



TAXATION
▸ Household budget

▸ Firms profits 

▸ Old Technology

▸ New Technology

▸ Taxes     :  

<latexit sha1_base64="tUb9FEUvVCXoQBa6hd+isszmBQw=">AAAB+XicdVDLSgMxFM3UV62vUZdugkWQLoaMtrbdFd24rGAf0E6HTJq2oZkHSaYwDP0TNy4UceufuPNvzLQVVPTAhcM593LvPV7EmVQIfRi5tfWNza38dmFnd2//wDw8asswFoS2SMhD0fWwpJwFtKWY4rQbCYp9j9OON73J/M6MCsnC4F4lEXV8PA7YiBGstOSaZl/GPoxcNiglg5LLoGsWkVWvlVGlDjWpXtmokpE6Qpc2tC20QBGs0HTN9/4wJLFPA0U4lrJno0g5KRaKEU7nhX4saYTJFI9pT9MA+1Q66eLyOTzTyhCOQqErUHChfp9IsS9l4nu608dqIn97mfiX14vVqOakLIhiRQOyXDSKOVQhzGKAQyYoUTzRBBPB9K2QTLDAROmwCjqEr0/h/6R9YdnIsu/Kxcb1Ko48OAGn4BzYoAoa4BY0QQsQMAMP4Ak8G6nxaLwYr8vWnLGaOQY/YLx9Ase+kxo=</latexit>

Labor Income Taxation

<latexit sha1_base64="RxpCPIS559Y61VVHPBTupd1XFKc=">AAACGXicdVDLSsNAFJ34rPUVdelmsAh1YUlE0O6KgrisYB/QhDCZTtuhk0mYuVFK6G+48VfcuFDEpa78G6cv8HngwuGce7n3njARXIPjfFhz8wuLS8u5lfzq2vrGpr21Xddxqiir0VjEqhkSzQSXrAYcBGsmipEoFKwR9s9HfuOGKc1jeQ2DhPkR6Ure4ZSAkQLb8XQa4STgeGDqEHtcAr4tetBjQA7kjLQvZiywC06pXHYM8G/ilpwxCmiKamC/ee2YphGTQAXRuuU6CfgZUcCpYMO8l2qWENonXdYyVJKIaT8bfzbE+0Zp406sTJnDxurXiYxEWg+i0HRGBHr6pzcS//JaKXRO/YzLJAUm6WRRJxUYYjyKCbe5YhTEwBBCFTe3YtojilAwYeZNCLNP8f+kflRynZJ7dVyonE3jyKFdtIeKyEUnqIIuURXVEEV36AE9oWfr3nq0XqzXSeucNZ3ZQd9gvX8CQHSfNw==</latexit>

X
pici = w(✓)n(✓)� T (w(✓)n(✓))

t⇤

pi = (1 + t⇤i )p
⇤
i



EQUILIBRIUM WAGES

▸ Crucial point… 

▸ Labor demand 
 
 

▸ Equilibrium wages… 
 
 
 

<latexit sha1_base64="yqqFk+HNFMeuMukNnivVAsbOFrs=">AAACCHicdZBPS8MwGMZT/zv/VT16MDiECTJaFW1vohePCs4N1jLSLHNhaVqSt8ooO3rxq3jxoIhXP4I3v43pNkFFHwj88rzvS/I+USq4Bsf5sCYmp6ZnZufmSwuLS8sr9uralU4yRVmNJiJRjYhoJrhkNeAgWCNVjMSRYPWod1rU6zdMaZ7IS+inLIzJteQdTgkYq2Vv3laCPG3xYLAb5LISQJcB2SluI2rZZafq+4eOd4gNeL7juQY8f//A97FbdYYqo7HOW/Z70E5oFjMJVBCtm66TQpgTBZwKNigFmWYpoT1yzZoGJYmZDvPhIgO8bZw27iTKHAl46H6fyEmsdT+OTGdMoKt/1wrzr1ozg44X5lymGTBJRw91MoEhwUUquM0VoyD6BghV3PwV0y5RhILJrmRC+NoU/w9Xe1XXqboXB+Xjk3Ecc2gDbaEKctEROkZn6BzVEEV36AE9oWfr3nq0XqzXUeuENZ5ZRz9kvX0CipGZrw==</latexit>

<latexit sha1_base64="2WuKVUeuDUIQpDzxmPy98Hxi7oI="></latexit>
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EQUILIBRIUM WAGES

▸ Crucial point… 

▸ Labor demand 
 
 

▸ Equilibrium wages… 
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EQUILIBRIUM WAGES

▸ Crucial point… 

▸ Labor demand 
 
 

▸ Equilibrium wages… 
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EQUILIBRIUM WAGES

▸ Crucial point… 

▸ Labor demand 
 
 

▸ Equilibrium wages… 
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EQUILIBRIUM WAGES

▸ Crucial point… 

▸ Labor demand 
 
 

▸ Equilibrium wages… 
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<latexit sha1_base64="2WuKVUeuDUIQpDzxmPy98Hxi7oI="></latexit>

w

n

p

▸           can be used to control before tax wages through  pt⇤



GOVERNMENT

▸ Welfare Objective 

W (Ū)



GOVERNMENT

▸ Welfare Objective 

only constraint: depends only on distribution of utilities

W (Ū)

Ū ⌘ {Ū(z)}



GOVERNMENT

▸ Welfare Objective 

▸ Government budget constraint implied by Walras’ Law

only constraint: depends only on distribution of utilities

W (Ū)

Ū ⌘ {Ū(z)}



GOVERNMENT

▸ Welfare Objective 

▸ Government budget constraint implied by Walras’ Law

▸ Planning Problem: best competitive equilibrium with taxes

only constraint: depends only on distribution of utilities

W (Ū)

Ū ⌘ {Ū(z)}



WHEN IS TECHNOLOGICAL 
CHANGE WELCOME?



TECHNOLOGICAL CHANGE

PROPOSITION.      

<latexit sha1_base64="yyIt8cG3NSszsR2rIFJufqtyzW0="></latexit>

dW/d� > 0 @G⇤/@� < 0



TECHNOLOGICAL CHANGE

PROPOSITION.      

Same as First-Best No Immiserizing Growth!

<latexit sha1_base64="yyIt8cG3NSszsR2rIFJufqtyzW0="></latexit>

dW/d� > 0 @G⇤/@� < 0



TECHNOLOGICAL CHANGE

PROPOSITION.      

Same as First-Best No Immiserizing Growth!

<latexit sha1_base64="yyIt8cG3NSszsR2rIFJufqtyzW0="></latexit>

▸ Envelope…

dW/d� > 0 @G⇤/@� < 0

dW

d�
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@G⇤
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TECHNOLOGICAL CHANGE

PROPOSITION.      

Same as First-Best No Immiserizing Growth!

▸ Extension: even if not optimal … 
… Pareto improvement exists (extension of Dixit-Norman)

<latexit sha1_base64="yyIt8cG3NSszsR2rIFJufqtyzW0="></latexit>

▸ Envelope…

dW/d� > 0 @G⇤/@� < 0

dW

d�
= ��

@G⇤

@�



IMPLICATION: IMPACT OF TRADE SHOCK ONLY DEPENDS ON TOT

▸ TOT determines good vs. bad 

▸ China Shock is good!

▸ Trade shock

dW

d�
> 0 ()

X

i

p̄0i(�)(�y⇤i ) > 0



IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

{y⇤i ,�⇤} 2 arg max
{ỹi},�2�̄

{
X

p⇤i ỹi|G⇤({ỹi};�)  0}

�̄ ⇢ �



IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

▸ Government can restrict innovation:
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IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

▸ Government can restrict innovation:

▸ Result: No restriction on innovation!

{y⇤i ,�⇤} 2 arg max
{ỹi},�2�̄

{
X

p⇤i ỹi|G⇤({ỹi};�)  0}
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IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

▸ Government can restrict innovation:

▸ Result: No restriction on innovation!

▸ Important…

{y⇤i ,�⇤} 2 arg max
{ỹi},�2�̄

{
X

p⇤i ỹi|G⇤({ỹi};�)  0}
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IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

▸ Government can restrict innovation:

▸ Result: No restriction on innovation!

▸ Important…

▸ relies on taxes on use of technology…

{y⇤i ,�⇤} 2 arg max
{ỹi},�2�̄
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IMPLICATION: NO TAXATION OF INNOVATION

▸ Suppose new tech firms may also choose technology:

▸ Government can restrict innovation:

▸ Result: No restriction on innovation!

▸ Important…

▸ relies on taxes on use of technology…

▸ … otherwise: distort innovation! (future work)
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p⇤i ỹi|G⇤({ỹi};�)  0}

�̄ ⇢ �



HOW SHOULD 
GOVERNMENT POLICY 
RESPOND?



▸ Lump-sum taxes 

▸ At the Optimum 

▸ Zero taxes on new technology 

▸ Production efficiency: Free trade, no robot tax

2ND WELFARE THEOREM
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DIAMOND-MIRRLEES (1971), DIXIT-NORMAN (1985)

▸ Linear taxation
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DIAMOND-MIRRLEES (1971), DIXIT-NORMAN (1985)

▸ At the Optimum 

▸ Same taxes on old and new tech: 

▸ Production efficiency: Free trade; No tax on robots

p = p⇤

▸ Linear taxation
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DIAMOND-MIRRLEES (1971), DIXIT-NORMAN (1985)

▸ At the Optimum 

▸ Same taxes on old and new tech: 

▸ Production efficiency: Free trade; No tax on robots

p = p⇤

▸ Linear taxation

Surprising! 
Why?
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Key: complete tax system 
controls after-tax wages
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▸ Endogenous wages…

THIS PAPER: MORE RESTRICTED TAX INSTRUMENTS
▸ Non-linear income taxation
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▸ first-order conditions  
▸ variations  (Today)

incomplete  
labor tax

T (w(✓)n(✓); ✓) = T (w(✓)n(✓))



▸ Endogenous wages…

THIS PAPER: MORE RESTRICTED TAX INSTRUMENTS
▸ Non-linear income taxation
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EFFICIENCY VS REDISTRIBUTION
General variation 

▸ Single dimension of heterogeneity     !
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EFFICIENCY VS REDISTRIBUTION
General variation 

▸ Single dimension of heterogeneity     !
▸ Distributional effects… (given welfare weights) 
▸ wage  
▸ tax 
▸ price/inflation 
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EFFICIENCY VS REDISTRIBUTION
General variation 

▸ Single dimension of heterogeneity     !
▸ Distributional effects… (given welfare weights) 
▸ wage  
▸ tax 
▸ price/inflation 

▸ Fiscal externalities… 
▸ linear tax (Harberger triangle) 
▸ nonlinear income taxation from change in labor
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▸ wage  
▸ tax 
▸ price/inflation 

▸ Fiscal externalities… 
▸ linear tax (Harberger triangle) 
▸ nonlinear income taxation from change in labor

welfare weight

�t⇤, �T ! �p, �w, �y⇤, �n

z

�
X

i

t⇤i (p
⇤
i y

⇤
i )� ln y

⇤
i �

Z
⌧(z)x̄(z)� ln n̄(z) dz

=

Z
[�̄(z)� 1]x̄(z)[(1� ⌧(z)) � ln w̄(z)� �T (z)

x̄(z)
�
X

i

pic̄i(z)

x̄(z)
� ln pi] dz,

<latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit>



EFFICIENCY VS REDISTRIBUTION
General variation 

▸ Single dimension of heterogeneity     !
▸ Distributional effects… (given welfare weights) 
▸ wage  
▸ tax 
▸ price/inflation 

▸ Fiscal externalities… 
▸ linear tax (Harberger triangle) 
▸ nonlinear income taxation from change in labor

welfare weight

�t⇤, �T ! �p, �w, �y⇤, �n

z

�
X

i

t⇤i (p
⇤
i y

⇤
i )� ln y

⇤
i �

Z
⌧(z)x̄(z)� ln n̄(z) dz

=

Z
[�̄(z)� 1]x̄(z)[(1� ⌧(z)) � ln w̄(z)� �T (z)

x̄(z)
�
X

i

pic̄i(z)

x̄(z)
� ln pi] dz,

<latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit><latexit sha1_base64="K6IHAWrAo9d99hbWGmRtZr2hDCc="></latexit>



FORMULA #1
No Change in      …T
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FORMULA #1
No Change in      …

▸ Distributional effects… 
▸ wage  
▸ price/inflation  
▸ tax  

▸ Fiscal Externalities 
▸ linear tax (Harberger triangle) 
▸ nonlinear income taxation from change in labor
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FORMULA #1 REDUX
No Change in      …

▸ Strict generalization of Grossman-Helpman formula  
▸ Here… 
▸ other instrument for redistribution (   ) 
▸ elastic labor supply 
▸ general preferences and technology

T

T

t⇤i =

Z
[1� �̄(z)R

�̄(v)dv
]
x̄(z)

p⇤i y
⇤
i

[(1� ⌧(z))
� ln w̄(z)

� ln y⇤i
|�T=0 �

X

j

pj c̄j(z)

x̄(z)

� ln pj
� ln y⇤i

|�T=0]dz

�
Z

⌧(z)
x̄(z)

p⇤i y
⇤
i

� ln n̄(z)

� ln w̄(z)
|�T=0

� ln w̄(z)

� ln y⇤i
|�T=0dz

<latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit>



FORMULA #1 REDUX
No Change in      …

▸ Strict generalization of Grossman-Helpman formula  
▸ Here… 
▸ other instrument for redistribution (   ) 
▸ elastic labor supply 
▸ general preferences and technology

T

T

t⇤i =

Z
[1� �̄(z)R

�̄(v)dv
]
x̄(z)

p⇤i y
⇤
i

[(1� ⌧(z))
� ln w̄(z)

� ln y⇤i
|�T=0 �

X

j

pj c̄j(z)

x̄(z)

� ln pj
� ln y⇤i

|�T=0]dz

�
Z

⌧(z)
x̄(z)

p⇤i y
⇤
i

� ln n̄(z)

� ln w̄(z)
|�T=0

� ln w̄(z)

� ln y⇤i
|�T=0dz

<latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit>



FORMULA #1 REDUX
No Change in      …

▸ Strict generalization of Grossman-Helpman formula  
▸ Here… 
▸ other instrument for redistribution (   ) 
▸ elastic labor supply 
▸ general preferences and technology

T

T

t⇤i =

Z
[1� �̄(z)R

�̄(v)dv
]
x̄(z)

p⇤i y
⇤
i

[(1� ⌧(z))
� ln w̄(z)

� ln y⇤i
|�T=0 �

X

j

pj c̄j(z)

x̄(z)

� ln pj
� ln y⇤i

|�T=0]dz

�
Z

⌧(z)
x̄(z)

p⇤i y
⇤
i

� ln n̄(z)

� ln w̄(z)
|�T=0

� ln w̄(z)

� ln y⇤i
|�T=0dz

<latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit>



FORMULA #1 REDUX
No Change in      …

▸ Strict generalization of Grossman-Helpman formula  
▸ Here… 
▸ other instrument for redistribution (   ) 
▸ elastic labor supply 
▸ general preferences and technology

T

T

t⇤i =

Z
[1� �̄(z)R

�̄(v)dv
]
x̄(z)

p⇤i y
⇤
i

[(1� ⌧(z))
� ln w̄(z)

� ln y⇤i
|�T=0 �

X

j

pj c̄j(z)

x̄(z)

� ln pj
� ln y⇤i

|�T=0]dz

�
Z

⌧(z)
x̄(z)

p⇤i y
⇤
i

� ln n̄(z)

� ln w̄(z)
|�T=0

� ln w̄(z)

� ln y⇤i
|�T=0dz

<latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit>



FORMULA #1 REDUX
No Change in      …

▸ Strict generalization of Grossman-Helpman formula  
▸ Here… 
▸ other instrument for redistribution (   ) 
▸ elastic labor supply 
▸ general preferences and technology

T

T

t⇤i =

Z
[1� �̄(z)R

�̄(v)dv
]
x̄(z)

p⇤i y
⇤
i

[(1� ⌧(z))
� ln w̄(z)

� ln y⇤i
|�T=0 �

X

j

pj c̄j(z)

x̄(z)

� ln pj
� ln y⇤i

|�T=0]dz

�
Z

⌧(z)
x̄(z)

p⇤i y
⇤
i

� ln n̄(z)

� ln w̄(z)
|�T=0

� ln w̄(z)

� ln y⇤i
|�T=0dz

<latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit><latexit sha1_base64="xDQ1SyrJDhTVrd4UJ5Mxj02MHKk="></latexit>



FORMULA #1 REDUX
No Change in      …

▸ Trade policy as redistribution  
▸ Protection in sector    depends on: 
▸ Pareto weight on sector   ’s workers  (relative to others) 
▸ marginal impact of imports decrease on their earnings 

▸ Political-economy considerations determine Pareto weights
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▸ welfare weight 

▸ taxes, earnings 

▸ elasticities 

▸ marginal impact on wage 

▸ details of production function structure irrelevant!
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Ū

t⇤
i
=

Z
⌧(z)

x̄(z)

p⇤y⇤
i

"H(z)

"M (z) + 1

� ln!(z)

� ln y⇤
i
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SUMMARY
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▸ Sufficient statistic: wage impacts quantile regressions

▸ No welfare weights needed 

▸ Pigouvian “fiscal externality” intuition

▸ Predistribution vs. Redistribution
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▸ Intuition 
▸ indirect effect depends on elasticity… 
▸ … contribution is second order
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APPLICATION TO 
ROBOTS AND TRADE



PUTTING THE FORMULA TO WORK

▸ Compute taxes using formula…  

▸ Use reduced-form evidence as input 

▸ No further structure 

▸ Comparative static on technology change… 

▸ How do taxes vary as machines get cheaper? 

▸ More structure 



QUANTITATIVE EXERCISE
▸ Formula #2 Redux…
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WAGE EFFECTS: ROBOTS

(a) Robots (Acemoglu and Restrepo, 2017) (b) Chinese Imports (Chetverikov, Larsen and Palmer, 2016)

Figure 1: Semi-Elasticity of wages, d ln w(z)
dym

⇥ 100, acrossquantiles of US wage distribution.

The key input into this formula is the elasticity of relative wages with respect to the num-
ber of either robots or imports, y

⇤
m, supplied by new technology firms.

Robot Example: Acemoglu and Restrepo (2017). Using a difference-in-difference strat-
egy, Acemoglu and Restrepo (2017) have estimated the effect of industrial robots, defined
as “an automatically controlled, reprogrammable, and multipurpose [machine]” on dif-
ferent quantiles of the wage distribution between 1990 and 2007 across US commuting
zones. Using our notation, their estimates can be interpreted as the semi-elasticity of
wages with respect to robots, hAR(z) = d ln w(z)

dy⇤m
, where y

⇤
m is expressed as number of

robots per thousand workers. These estimates are reported in Figure 1a.
The elasticity that we are interested in can be approximated by

d ln w(z)
d ln y⇤m

' y
⇤
m

D ln w(z)
⇥ DhAR(z),

where D ln w(z) and DhAR(z) denote changes between consecutive deciles of the wage
distribution. In the United States in 2007, the number of robots per thousand workers
is slightly greater than one, y

⇤
m ' 1.2. This leads to an average elasticity d ln w(z)

d ln y⇤m
across

deciles around 0.5.
Given estimates of the previous elasticities, the only additional information required

to evaluate the optimal tax on robots given by equation (6) is: (i) total spending on robots,
p
⇤
my

⇤
m, which we obtain Graetz and Michaels (2018); (ii) labor earnings, w(z)n(z), which

we compute from the World Wealth and Income Database; (iii) marginal income tax rates,
t(z), which we compute from Guner, Kaygusuz and Ventura (2014); and (iv) labor supply
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WAGE EFFECTS: TRADE

Chetverikov, Larsen, and Palmer (2016)(a) Robots (Acemoglu and Restrepo, 2017) (b) Chinese Imports (Chetverikov, Larsen and Palmer, 2016)

Figure 1: Semi-Elasticity of wages, d ln w(z)
dym

⇥ 100, acrossquantiles of US wage distribution.

The key input into this formula is the elasticity of relative wages with respect to the num-
ber of either robots or imports, y

⇤
m, supplied by new technology firms.

Robot Example: Acemoglu and Restrepo (2017). Using a difference-in-difference strat-
egy, Acemoglu and Restrepo (2017) have estimated the effect of industrial robots, defined
as “an automatically controlled, reprogrammable, and multipurpose [machine]” on dif-
ferent quantiles of the wage distribution between 1990 and 2007 across US commuting
zones. Using our notation, their estimates can be interpreted as the semi-elasticity of
wages with respect to robots, hAR(z) = d ln w(z)

dy⇤m
, where y

⇤
m is expressed as number of

robots per thousand workers. These estimates are reported in Figure 1a.
The elasticity that we are interested in can be approximated by

d ln w(z)
d ln y⇤m

' y
⇤
m

D ln w(z)
⇥ DhAR(z),

where D ln w(z) and DhAR(z) denote changes between consecutive deciles of the wage
distribution. In the United States in 2007, the number of robots per thousand workers
is slightly greater than one, y

⇤
m ' 1.2. This leads to an average elasticity d ln w(z)

d ln y⇤m
across

deciles around 0.5.
Given estimates of the previous elasticities, the only additional information required

to evaluate the optimal tax on robots given by equation (6) is: (i) total spending on robots,
p
⇤
my

⇤
m, which we obtain Graetz and Michaels (2018); (ii) labor earnings, w(z)n(z), which

we compute from the World Wealth and Income Database; (iii) marginal income tax rates,
t(z), which we compute from Guner, Kaygusuz and Ventura (2014); and (iv) labor supply
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COMPARATIVE STATICS WITH PARAMETRIC RESTRICTIONS

▸ Rawlsian preferences 

▸ Iso-elastic labor supply 

▸ Cobb-Douglas production functions 

▸ With          ,           such that Pareto distribution of wages

⇤(✓) = 1 for all ✓

h(n) =
n1+1/✏

1 + 1/✏
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CHEAPER ROBOTS, LESS LUDDISM

PROPOSITION.        
        Optimal tax decreases with robot-makers’ productivity.
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More: Natural resources? Immigration? Innovation?
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EXTENSION

▸ Intuition… 

▸ motive for distortion is to manipulate wages… 

▸ … households do not demand labor and their 
consumption does not affect wages 

▸ Implication… 

▸ no trade protection that leads to higher prices for 
consumers 

▸ no taxes on Robots for household uses

PROP 2.       No distortion between consumers and New tech



▸ What can we say if we do not know Pareto weights? 

CORRELATIONS AND BOUNDS

COROL 2.          Taxes on both old and new technology

COROL 1.        Optimal distortion between old and new technology
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▸ What goods do we tax more? 
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