
Automation and Jobs

Nadav Kunievsky

February 9, 2021



Acemoglu and Restrepo, 2018,2019

I The implications of technological change on employment and
wages are not clear
I Some fear that automation can lead to wide spread joblessness
I On the other hand, Technological improvements increase

productivity and increase demand for labor

I The canonical approach does not capture these implications,
as it assumes that the production function takes the form of
Y = F (AkK ,ALL), which imposes that all technological
changes takes only factor augmenting form. This approach
implies
I advancement in robotics, do not make capital or labor more

productive, but expand the set of tasks that can be produced
by capital

I Capital-augmenting technological change, or labor augmenting
technological change makes all the relevant factors uniformly
more productive



Acemoglu and Restrepo, 2018,2019

I This series of papers consider a task based approach to think
how automation is different then simple factor augmenting
technological change
I Automation, which corresponds to development and adoption

of new technologies that enable capital to be substituted for
labor, in a range of tasks

I Other technologies, which create new tasks, wherein labor has
some comparative advantage

I Factor-augmenting technological change



Acemoglu and Restrepo, 2018,2019

Model
I The production function

Y = F (Task) =

(∫ N

N−1
Y (z)

σ−1
σ dz

) σ
σ−1

I The output of task z is given by

Y (z) = f (l ,K ) =

{
ALγL(z)l(z) + AKγK (z)k(z) if z ∈ [N − 1, I ]
ALγL(z)l(z) if z ∈ (I ,N]

I The tasks dynamics is governed by the technology parameters,
N and I

I Capital, K , and Labour L are fixed

I For simplicity, we assume that tasks which can be automated,
are produced by capital
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Model
I Under perfect competition, output is given by

Y = Π(I ,N)

(
Γ(I ,N)

1
σ

(
ALL

)σ−1
σ

+ (1− Γ(I ,N))
1
σ

(
AKK

)σ−1
σ

)σ−1
σ−1

I where Γ(I ,N) is the task content

Γ(I ,N) =

∫ N
I γL(z)σ−1∫ I

N−1 γ
K (z)σ−1dz +

∫ N
I γL(z)σ−1

I and the TFP is given by

Π(I ,N) =

(∫ I

N−1
γK (z)σ−1dz +

∫ N

I
γL(z)σ−1

) 1
σ−1



Acemoglu and Restrepo, 2018,2019

I Similar to the canonical model, AK and AL increase task
productivity uniformly.

I σ is the elasticity of substitution between tasks, but, in this
case, also between capital and labor

I The share parameters of the CES function, depends on the
share of tasks performed by labor relative to capital.
I Γ(I ,N) is an increasing function of N, and a decreasing

function in I .
I This implies that an increase in I , shifts the task content of

production away from labor, as it entails capital taking over
tasks, previously performed by labor.

I An increase in either N or I generates a productivity increase,
through the TFP.



Acemoglu and Restrepo, 2018,2019

I The effect of automation on wages/labor demand

∂ lnW d(L,K ; θ)

∂I
=
∂ lnY (L,K ; θ)

∂I
(Productivity effect)

+
1

σ

1− sL(L,K ; θ)

1− Γ(I ,N)

∂ ln Γ(I ,N)

∂I
(Displacement effect)

I The effect of new technology

∂ lnW d(L,K ; θ)

∂N
=
∂ lnY (L,K ; θ)

∂N
(Productivity effect)

+
1

σ

1− sL(L,K ; θ)

1− Γ(I ,N)

∂ ln Γ(I ,N)

∂N
(Reinstatement effect)



Acemoglu and Restrepo, 2018,2019

I The productivity effect arises from the fact that automation
increases value added, and this raises the demand for labor
from non-automated tasks.

I displacement effect— cause labor to shift from the tasks
previously allocated to it—which shifts the task content of
production against labor and always reduces the labor share.

I Automation therefore increases the size of the pie, but labor
gets a smaller slice. There is no guarantee that the
productivity effect is greater than the displacement effect;

I Contrary to a common presumption in popular debates, it is
not the “brilliant” automation technologies that threaten
employment and wages, but “so-so technologies” that
generate small productivity improvements. This is because the
positive productivity effect of so-so technologies is not
sufficient to offset the decline in labor demand due to
displacement.



Acemoglu and Restrepo, 2018,2019

I Different technologies are accompanied by productivity effects
of varying magnitudes, and hence, we cannot presume that
one set of automation technologies will impact labor demand
in the same way as others.

I the productivity gains of automation depend on the wage, the
net impact of automation on labor demand will depend on the
broader labor market context

I
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Acemoglu and Restrepo, 2020 - Unpacking Skill Bias

I Now consider that tasks can be preformed either by capital, or
by high skilled or low skilled workers

Y (z) = ψL(z)`(z) + ψH(z)h(z) + ψK (z)k(z)

I It can be shown that the change in skill premium is given by

d ln

(
wH

wL

)
= − 1

φ
d ln

(
H

L

)
+
φ− 1

φ
d ln

(
AH

AL

)
+

1

σ
d ln

(
ΓH

ΓL

)∣∣∣∣AHH

ALL

I where Γj =
1
M

∫
Tj
γj (x)λ−1dx

1− 1
M

∫
TK

(
ψK (x)

q(x)

)λ−1
dx

for j ∈ {L,H}

I and φ = σ/
(

1− ∂ ln(ΓH/ΓL)
∂ ln(AHH/ALL)

)
≥ σ



Acemoglu and Restrepo, 2020 - Skill Bias

I φ is the derived elasticity of substitution between skilled and
unskilled labor, it reflects:
I substitution between tasks
I substitution in allocation between labor and capital

I The last term is the new component, which captures the
effect of changes in the allocation of tasks to factors on skill
premium.
I Automation in technologies of low skill workers would increase

the wage premium
I Increasing the number of tasks, that are preformed by skilled

workers increases the skill premium
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Overview: Technical Change and Labor Market Outcomes

How to rationalize the relation between technical change and
wages?
I Skill-Biased Technical Change (Katz and Murphy, 1992)

I Is inconsistent with wage polarization
I Is inconsistent with employment polarization
I Is inconsistent with decline in employment

I Routine-Task Biased Technical Change (Acemoglu and Autor,
2011; Beaudry et al., 2016)
I Cannot explain patterns shared by some routine and

non-routine tasks

I Complex-Task Biased Technical Change (Caines et al., 2017)
I Models task complexity as the key complement to technical

progress

I Automation Vs. New-Task technology (Acemoglu and
Restrepo, 2018,2019,2020)
I Examine the effect of different types of technological advances
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The China Syndrome: Local
Labor Market Effects of Import

Competition in the United
States

David Autor, David Dorn, and Gordon Hanson



Trade and the ”China Shock” - Motivation

I Between 2000-2007 China has experienced a spectacular
economic growth and increase in exports. In 2000, the
lowincome-country share of US imports reached 15 percent
and climbed to 28 percent by 2007, with China accounting for
89 percent of this growth. The share of total US spending on
Chinese goods rose from 0.6 percent in 1991 to 4.6 percent in
2007

I Over the same period, the fraction of US working-age
population employed in manufacturing fell by a third, from
12.6 percent to 8.4 percent.



Trade and the ”China Shock” - Motivation

Figure: Caption



Trade and the ”China Shock” - from David Card’s Notes

I The idea behind the paper is captured by a model which
includes a local labor market with 3 industries: 2 traded goods
and one not traded (can be thought of as the ”home sector”)

I Within each of the two traded sectors there are multiple
differentiated products (one per firm).

I Consumers spend a share 1− γ of income on the non traded
good, and shares γ

2 on each of the traded goods so their
utility function is a nested form, with Cobb Douglas at the
top, and 2 CES sub-utilities for the traded good aggregates.

I Labor is freely mobile across sectors within a local labor
market so there is only one wage per market (CZ).

I The non-traded sector has decreasing returns to scale, so if
labor is ”shed” from the traded sectors, wages have to fall.



Trade and the ”China Shock” - from David Card’s Notes

I Firms in the traded sectors have a very simple labor demand
functions of the form

l = αi ,j + βi ,jxi ,j

where l is units of labor demanded and x is output of the firm,
and use markup pricing.

I There’s free entry and the number of firms is set such that
each firm has profit zero

I The key feature of this model is that trade impacts are
mediated through the number of varieties produced by a trade
competitor i.e., the ”quantity” of trade (compare to prices).



Trade and the ”China Shock” - from David Card’s Notes

I The model ending up giving us the following equations

Ŵi =
∑

j cij
Lij
LNi

[
θijC ÊCj −

∑
k θijkφCjk ÂCj

]
L̂Ti = ρi

∑
j cij

Lij
LTi

[
θijC ÊCj −

∑
k θijkφCjk ÂCj

]
L̂Ni = ρi

∑
j cij

Lij
LNi

[
−θijC ÊCj +

∑
k θijkφCjk ÂCj

]
I Where Ŵi is the change in wages in region i, LT ,i and L̂N,i are

the changes in employment for traded and non traded goods,
AC ,j is the change in China’s productivity at sector j , EC ,j is
China’s expenditure on sector j (Both exogenous)



Trade and the ”China Shock” - from David Card’s Notes

I Wage and employment outcomes are the sum of
I demand for region i’s exports to China, given by the change in

expenditure in China times the initial share of output by region
i that is shipped to China (θijc = XijC/Xij)

I the decrease in demand for region i’s shipments to all markets
in which it competes with China.
(AC ,j , (θijk ≡ Xijk/Xij) , (φCjk ≡ MkjC/Ekj)

I ρ captures the trade deficit of the US. If ρ = 0, then reduced
labor demand in US regions relatively exposed to import
competition from China would be offset by labor demand
growth in US regions enjoying expanded export production for
China, such that for the aggregate US economy labor demand
may be unchanged.

I With imbalanced trade, this is not the case, as the demand
shock in China is a function of growth in its expenditure, not
income.



Trade and the ”China Shock” - from David Card’s Notes

I Following the model, they can approximate the exposure to
import competition is the change in Chinese import exposure
per worker in a region as

∆IPWuit =
∑
j

Lijt
Lujt

∆Mucjt

Lit

I where Li ,t is the start of period employment in region i,
∆Mucjt is the observed change in US imports from China in
industry j between the start and end of the period.

I This variable might be correlated with demand shocks, which
would bias the OLS estimate downwatds. Therefore they use
the following instrument

∆IPWoit =
∑
j

Lijt−1

Lujt−1

∆Mocjt

Lit−1



Trade and the ”China Shock” - from David Card’s Notes

I This instrument would identify the causal effect if the changes
in Chinese exports are correlated between high-income
countries, but are not
I Correlated through demand shocks
I Correlated through technological changes which common in

high-income countries



Trade and the ”China Shock” - Results



Trade and the ”China Shock” - Results



Trade and the ”China Shock” - Results



Trade and the ”China Shock” - Results
I How should we interpret the size of these results?
I column 6 of Table 3 implies that a $1, 000 per worker increase

in import exposure over a decade reduces manufacturing
employment per working-age population by 0.596 percentage
points.

I Chinese imports increased by 1140, per worker, between 1990
and 2000, and by 1839, between 2000 and 2007. This implies
that rising Chinese import exposure reduced US
manufacturing employment per population by 0.68
percentage points in the first decade of our sample and 1.10
percentage points in the second decade of our sample

I US manufacturing employment per population fell by 2.07
percentage points between 1990 and 2000 and by 2.00
percentage points between 2000 and 2007.

I Hence, rising exposure to Chinese import explains 33% of the
US mfg employment decline between 1990 and 2000, 55% of
the decline between 2000 and 2007, and 44% percent of the
decline for the full 1990 through 2007 period.
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Appendix



Decomposing the wage bill

I The economy-wide wage bill is the sum of wage bills across
sectors

ln (WtLt) = ln

(
Yt

∑
i

χi ,ts
L
i ,t

)

ln (Wt0Lt0) = ln

(
Yt0

∑
i

χi ,t0s
L
i ,t0

)
I We can then write the normalized wage bill as

ln

(
WtLt

Nt

)
− ln

(
Wt0Lt0

Nt0

)
= ln

(
Yt

Nt

)
− ln

(
Yt0

Nt0

)
+ ln

(∑
i

χi,ts
L
i,t

)
− ln

(∑
i

χi,t0s
L
i,t

)

+ ln

(∑
i

χi,t0s
L
i,t

)
− ln

(∑
i

χi,t0s
L
i,t0

)

I where χi ,t = PiYi
Y is he share of sector i’s in total value added



Decomposing the wage bill

I Notice that

Productivity effect t0,t = ln

(
Yt

Nt

)
− ln

(
Yt0

Nt0

)

Composition effect t0,t = ln

(∑
i

χi ,ts
L
i ,t

)
− ln

(∑
i

χi ,t0s
L
i ,t

)



Decomposing the wage bill
I Last, taking a Taylor expansion of the last expression we get

ln

(∑
i

χi,t0s
L
i,t

)
− ln

(∑
i

χi,t0s
L
i,t0

)
≈
∑
i

∂ ln
(∑

j χj,t0s
L
j,t0

)
∂ ln sLi,t0

·
(

ln sLi,t − ln sLi,t0

)
=
∑
i

χi,t0s
L
i,t0∑

j χj,t0s
L
j,t0

·
(

ln sLi,t − ln sLi,t0

)
=
∑
i

`i,t0

(
ln sLi,t − ln sLi,t0

)
I where `i ,t0 =

Wi,t0
Li,t0∑

j Wj,t0
Lj,t0

. using the fact that we can express

the labor share as

sL =
1

1 + 1−Γ(I ,N)
Γ(I ,N)

(
AL

W
R
AK

)1−σ = sL =
1

1 + 1−Γ(I ,N)
Γ(I ,N) ρ1−σ

I we can take another taylor expnession of ln(sLi )

ln sLi,t − ln sLi,t0 ≈(1− σ)
(

1− sLi,t0

)(
ln

Wi,t

Wi,t0

− ln
Ri,t

Ri,t0

− gA
i,t0,t

)
+

(
1− sLi,t0

)
1− Γi,t0

(ln Γi,t − ln Γi,t0 )



Decomposing the wage bill

I Then we have

Substitution effect i ,t0,t = (1−σ)
(

1− sLi ,t0

)(
ln

Wi ,t

Wi ,t0

− ln
Ri ,t

Ri ,t0

− gA
i ,t0,t

)
I where gA

i ,t0,t
is the growth rate of AL

t /A
K
t

I The residual is the change in task content

Change task content i ,t0,t = ln sLi ,t−ln sLi ,t0
−(1−σ)

(
1− sLi ,t0

)(
ln

Wi ,t

Wi ,t0

− ln
Ri ,t

Ri ,t0

− gA
i ,t0,t

)



Decomposing the wage bill

I Last, under the assumption that sector can either experience
Displacement or Reinstatement, we have that

Displacement t−1,t =
∑
i∈I

`i,t0 min

{
0,

1

5

t+2∑
τ=t−2

Change task content i,τ−1,τ

}

Reinstatement t−1,t =
∑
i∈I

`i,t0 max

{
0,

1

5

t+2∑
τ=t−2

Change task content i,τ−1,τ

}


