AUTOMATION AND RENT DISSIPATION: IMPLICATIONS FOR

WAGES, INEQUALITY, AND PRODUCTIVITY ™

Daron Acemoglu Pascual Restrepo
MIT Boston University
June 9, 2024
Abstract

This paper studies the effects of automation in economies with labor market dis-
tortions that generate worker rents—wages above opportunity cost—in some jobs. We
show that automation targets high-rent tasks, dissipating rents and amplifying wage
losses from automation. It also reduces within-group wage dispersion for exposed
groups. Automation-driven rent dissipation is inefficient and reduces (and could even
negate) the productivity gains from automation. Using data for the US from 1980
to 2016, we find evidence of sizable rent dissipation and reduced within-group wage
dispersion due to automation. Using these estimates and accounting for equilibrium
effects, we estimate that automation accounts for 52% of the increase in between-
group inequality in the US since 1980, with rent dissipation being responsible for
a fifth of this contribution. We also estimate that inefficient rent dissipation offset
60-90% of the productivity gains from automation since 1980.
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1 INTRODUCTION

The US labor market has experienced epochal changes since 1980: not only did inequality
increase greatly, but the real wages of workers without a college degree declined or stag-
nated. While there is no consensus on the causes of this development, the automation of

tasks performed by low-education workers appears to have played an important role.!

This paper studies the implications of automation for wages, productivity, and welfare in
economies with imperfect labor markets, where workers earn rents and are paid wages above
their opportunity cost (their next best option). Even though the presence of worker rents
is well documented, how automation impacts an economy with noncompetitive elements
remains unexplored.? Our contribution is to develop a framework to analyze and quantify
the effects of automation in the presence of worker rents and to establish that these effects

differ from those in competitive models.

We consider an economy where firms allocate tasks to workers of different skills or
automate them. Worker rents distort hiring and automation decisions by creating a wedge
between the wage firms must pay workers in some tasks and their opportunity cost, for
example, because of efficiency wage considerations, constraints on firms cutting wages (due
to norms, licensing, or minimum wages), or bargaining.® This reduces employment at

high-rent tasks and encourages firms to automate these tasks excessively.

Our first contribution is to identify a novel rent dissipation mechanism via which au-
tomation impacts the labor market: all else equal, new automation technologies target
and displace workers from high-rent tasks. Rent dissipation has important implications for

within-group wage dispersion, average wages, productivity, and welfare:

1. Within-group wage dispersion. By reallocating workers away from high-rent jobs,

automation reduces wage dispersion within groups of otherwise-identical workers.

2. Average group wages. In competitive labor markets, automation depresses the relative
demand for exposed groups of workers via a displacement effect—Dby reducing the

share of tasks allocated the. Rent dissipation amplifies wage losses for these groups

1See Goldin and Katz (2008), Acemoglu and Autor (2011), and Autor (2019) for overviews of US
inequality trends, and Acemoglu and Restrepo (2022) for the role of automation.

2The presence of worker rents receives support from the literature on wage losses following job displace-
ment (Ruhm, 1991; Jacobson et al., 1993; Schmieder et al., 2023), wage differentials across jobs (Krueger
and Summers, 1988; Katz and Summers, 1989; Card et al., 2018), and wage premia associated with unions
and licenses (Kleiner and Krueger, 2013; Gittleman and Kleiner, 2016; Farber et al., 2021).

3For ease of exposition, we adopt a reduced-form modeling of rents using wedges, while the Online
Supplement provides various micro-foundations that yield the representation we use in the text.



by pushing them away from high-rent tasks and forcing them into lower-wage jobs.

3. Productivity and welfare. In competitive labor markets, automation increases TFP
by reducing the cost of producing automated tasks. In the presence of distortions,
automation generates an additional negative effect on productivity, because rent dis-
sipation is inefficient: the tasks targeted for automation are not the ones where worker
wages are high due to scarcity, but due to rents, and as a result, a planner would
have preferred to allocate more—rather than less—labor to these tasks. Inefficient

rent dissipation makes the net impact of automation on productivity ambiguous.

Our second contribution is to provide reduced-form evidence on rent dissipation. Using
US data from 1980 to 2016, we document that the impact of automation on wages within
detailed demographic groups takes the distinctive pattern predicted by theory: automation
reduces wage dispersion in exposed groups, generating more pronounced wage declines

between the 70th and 95th percentiles of the within-group wage distribution than the rest.

In line with the theory, wage losses at the top of exposed groups result from workers
being displaced from higher-rent jobs. We document this fact using various proxies of rents
proposed in the literature (see Krueger and Summers, 1988; Katz and Summers, 1989).
These include: wage differences across industries and occupations (controlling for worker
characteristics), wage losses following job displacement, and quit rates, which provide an
inverse measure of rents (for workers tend to leave more attractive jobs less frequently).
Our reduced-form evidence points to sizable rent dissipation, with wages in automated

tasks exceeding worker opportunity cost by 20%-50%, with a central estimate of 35%.

Our third contribution is to quantify the general equilibrium implications of automation
for wage levels, productivity and welfare in the presence of labor market distortions. We
provide formulas for the change in wages, output, and productivity in terms of the task
displacement experienced by demographic groups, the rate of rent dissipation, and cost
savings from automation. In equilibrium, the automation of tasks performed by a group
of workers impacts others via ripple effects. Our formulas summarize these ripples by two
matrices: the propagation matriz, which encodes information on the strength of direct and
indirect competition for tasks between groups of workers, and the rent-impact matrixz, which

encodes information on how task reallocation changes rents across groups.

We compute the equilibrium effects of automation using these formulas, estimates of
the propagation and rent-impact matrices, and our estimates of rent dissipation due to

automation. According to our results, automation accounts for 52% of the rise in between-



group wage inequality since 1980. Of these, 42 percentage points are due to the baseline
displacement effects of automation. The remaining 10 percentage points are due to rent
dissipation. We also estimate that the impact of automation via costs-savings was to
increase TFP by 3% between 1980 and 2016, but the inefficiency of rent dissipation offset
60-90% of these gains. On net, automation is estimated to have increased aggregate TFP

by only 0.3-1.3% between 1980 and 2016, and aggregate consumption by just 0.45-1.95%.

Literature: Our main contribution is to develop a framework for studying the effects of
automation in labor markets with rents. There are a few works on the interplay between
technology and labor market imperfections (e.g., Aghion and Howitt, 1994; Acemoglu, 1997;
Caballero and Hammour, 1998; Mortensen and Pissarides, 1998), but these do not study
how the impact of automation on wages and productivity is changed by the presence of
worker rents, which is our focus here. Recent exceptions include Arnoud (2019) and Leduc

and Liu (2022), who explore how the threat of automation affects bargaining.

Our work also contributes to the literature on the determinants of the rise in US wage
inequality (e.g., Bound and Johnson, 1992; Katz and Murphy, 1992; Card and Lemieux,
2001). We are closest to papers exploring the effects of automation and lower equipment
prices on inequality and wages, including Autor et al. (2003) on the effects of computers
on routine tasks, the literature on capital-skill complementarity (for example, Krueger,
1993; Autor et al., 1998; Krusell et al., 2000; Burstein et al., 2019), and our previous work
Acemoglu and Restrepo (2022), which modeled and quantified the effects of automation on
the US wage structure. While we build on our previous work, neither that work nor any
other contributions in literature have studied the interplay between automation technologies

and worker rents.

On the theory front, we extend the task model in Acemoglu and Restrepo (2022) to
incorporate worker rents.* We intentionally use a similar framework to this paper and
model rents as resulting from exogenous wedges, as in the recent literature on misallocation
(inter alia Hsieh and Klenow, 2009; Restuccia and Rogerson, 2008; Hsieh et al., 2019).
This approach maximizes the parallel with the analysis of the impact of automation in a
competitive labor market and highlights the differences due to labor market imperfections.
We also provide new formulas for the aggregate effects of automation on wages, output, and

productivity in economies with labor market distortions. These formulas relate to several

4These models, in turn, build on prior works exploring the effects of technologies and trade and task
models, including Zeira (1998), Acemoglu and Zilibotti (2001), Acemoglu and Autor (2011), and Acemoglu
and Restrepo (2018), as well as Grossman and Rossi-Hansberg ’s (2008) model of offshoring.



recent papers exploring how technology affects productivity and welfare in economies with
inefficiencies (see Baqaee and Farhi, 2020; Basu et al., 2022; Déavila and Schaab, 2023).

On the empirical front, our main addition to the literature is to study the implications
of automation both for between-group and within-group wage inequality. Recent work by
Kogan et al. (2021) and Danieli (2024) explores the effects of technological change on within-
group inequality, though with little overlap with our approach. We document that groups
exposed to automation have seen lower wage growth over time, and that this relative wage
decline is more pronounced between the 70th and 95th percentiles of the within-group wage
distribution. We also show that this can be explained by a shift away from high-rent jobs.
This pattern contrasts with the common view in the literature that inequality has a fractal
nature (meaning that it has risen at all levels of aggregation, e.g., Katz, 1994), because it is
driven by rising demand for skills within as well as between groups (see Acemoglu, 2002).
Our theory suggests a more nuanced pattern, where automation can cause an increase in

wage inequality between groups and a decline within groups impacted by automation.

Finally, our work contributes to the literature on worker rents and their implications
for wages and efficiency. This literature has proposed several reasons why workers earn
rents, ranging from efficiency wage considerations (Akerlof, 1984; Shapiro and Stiglitz,
1984; Bulow and Summers, 1986), to the use of wages to recruit and retain workers under
imperfect information (Stiglitz, 1985), or holdup problems and bargaining (McDonald and
Solow, 1981; Grout, 1984; Pissarides, 2000). This literature shows that worker rents can
be distortionary and lead to too little employment in high-rent jobs.® Recent work by
Stansbury and Summers (2020) has also explored the implications of declining worker

rents, but emphasizes the erosion of labor market power, rather than automation.

Organization of the paper: Section 2 presents our theoretical framework. Section 3
documents reduced-form evidence in support of the rent dissipation mechanism. Section
4 outlines our approach for estimating the general equilibrium effects of automation. The
Appendix includes the main proofs, while the (online) Supplement provides the remaining

proofs, extensions, robustness checks and data details.

5These distortions can justify second-best policy interventions and imply that technology or trade can
have adverse welfare effects. Katz and Summers (1989) pointed out that worker rents call for industrial
policy to increase employment in high-rent jobs. The flip side of this claim is that trade can reduce welfare
if it shifts employment away from high-rent jobs. This insight goes back to work on immiserizing growth by
Bhagwati (1968) and relates to our result that automation can reduce welfare with labor market distortions.



2 THEORY: AUTOMATION AND LABOR MARKET DISTORTIONS

This section presents our conceptual framework and derives our main theoretical results.

We study a one-sector model and extend our results to a multi-sector one in Section 4.

2.1 Single-Sector Model

Setup: A unique final good y is produced by combining complementary tasks x € T
(where the set of tasks 7 c R? has mass M). Task quantities, y,, are aggregated with a

constant elasticity of substitution A € (0,1):6

y:(%fT(M.ym)Xl.dx

There is a discrete set of labor types (demographic groups in our application) indexed

)A/ul)

by g, where g € G = {1,2,..., G}. Workers in a group share the same productivity across
tasks and have different comparative advantages from workers in other groups. Tasks can
also be performed using task-specific capital, equipment, or software, denoted by k, for

task x. The total production of task x is therefore
Yz = wkx : k:r + ngz 'eg:):-
g

Here, ¢4, is the amount of labor of type g allocated to task x, while k, is the amount
of task-specific capital used for this task, and 1y, and 1, represent the productivity of

different factors in the production of task x and encode their comparative advantages.

There is an inelastic supply ¢, of workers of type g to be allocated across tasks, so that

lop-dax </,
_/Tg Tty

We treat task-specific machines, {k,}.c7, as intermediate goods. They are produced
within the same period using the final good at a constant unit cost 1/¢,. If ¢, = 0, task =

cannot be performed by capital. This implies that total consumption equals net output:

c=y- fT(kx/qx) ~dx.

SThroughout, we let “dz” denote the Lebesgue measure over R? and fT fz - dx denote the Lebesgue
integral of the function f, over 7. The set 7T is assumed measurable.




Labor market distortions and equilibrium: We consider a market equilibrium with
labor market distortions modeled using task-specific wedges. A firm performing task z

using labor of type g must pay a group- and task-specific wage:
Wyp = gz * Wy.

Here w, > 0 is the base wage of group g, and ji4 > 0 is an exogenous wedge that varies
across tasks. Workers in group g employed in task x receive the wage wy,, inclusive of
the wedge. We treat {{tys}4ecoer as an attribute of tasks that forces firms to pay workers

wages that exceed their pay in other jobs.”

The labor market operates as follows: firms take base wages w, and wedges 14, as given
and decide how many workers from each group to hire for task = at a wage w,,. Workers
prefer to be employed at higher-rent jobs, but these are rationed in equilibrium: firms only
hire workers for each task until the value of the marginal product of labor (VMPL) equals
the wage, wy,. Workers are assigned at random to tasks until firms’ labor demands are

satisfied, and the base wage w, adjusts to ensure all workers are employed.

Formally, a market equilibrium is given by a vector of base wages w = {w, } 4 , output
(GDP) y, an allocation of tasks {7}, Tk, task prices {p,}ser, hiring plans {{g; }gpecxr,
and capital production plans {k,},.7 such that:

E1 Tasks prices are equal to the minimum unit cost of performing the relevant task:

1 Wy " Kgz

qz - wkm 7 zﬁgcfc

Py = Mmin

E2 The allocation of tasks to factors minimizes costs. That is, tasks

o )
agx

are performed by workers of type g, and tasks

1
efen ]

“Our notation can capture multiple dimensions of worker rents. A subset of tasks could represent
jobs at a firm where workers are unionized. Another subset may represent jobs at an industry or region
where wages are artificially high because of licenses. Other tasks could share technological attributes that
make monitoring workers challenging and lead to higher efficiency wages. Throughout, we take the wedges
{igz } gec,zeT as given, and our empirical evidence supports the notion that this is a good approximation,
though in general some of these wedges can adjust in response to changes in technology or other factors.




are performed by capital.

E3 Task-level demands for labor and capital are given by

1 _ _
ggz:y'M'w;\ml'(lu’gx'wg)Aforxe7.gv
kx:y-i-wﬁ’l-q’\ for x € Ty.

M X x

E4 The labor market clears for all g € G, [T lyp-dx = £,. Workers from group g are rationed
across tasks in 7,4, with £, assigned to task x. Even though there is rationing, there

is no unemployment because base wages adjust to clear labor markets.®

E5 The ideal price index condition holds:

1 T—x
1=|— H-d) :
(57 Lo

In what follows, we normalize wedges so that py, > 1 and assume that there is a positive
mass of tasks for which g, =1 for all g. This normalization implies that base wages can

be interpreted as the wage that workers from group g earn in jobs that pay no rents.

We also assume that rents and task productivities are bounded from above and impose

the following restrictions on the task space that simplify our exposition:
ASSUMPTION 1 (RESTRICTIONS ON THE TASK SPACE)

e For each task x € T, there exists at least one g € G such that 1y, > 0.

o ForeachgeG, theset{x €T st: g, >0, g, =0 for all ¢’ # g and Yy, =0 or ¢, =0}

has positive measure.

e [For each g € G, the integrals f{x:%xw} Yozl - g - dx and f{}$:¢gm>0} Yort - pit - dx are
bounded.

e Comparative advantage is strict. For any two groups g # g’ and constants a,b> 0, the

set of tasks for which g,/ pge = a-Vyz/ g and Yge/fige = b- Gy - Vi has measure zero.

8See Supplement S2 for micro-foundations based on efficiency wages (as in Shapiro and Stiglitz, 1984)
or bilateral bargaining (as in Grout, 1984), which yield the formulation of worker rents used here.



This assumption ensures the existence of a unique equilibrium where all workers perform
a positive mass of tasks. It also simplifies the characterization of equilibrium by imposing
strict comparative advantage, removing any indeterminacy in task allocations. In addition,
we adopt the (innocuous) tie-breaking rule that when indifferent, tasks are allocated to
capital or the group with the highest index g. Strict comparative advantage implies such

ties occur over sets of measure zero.

2.2 Equilibrium with Labor Market Rents

Following Acemoglu and Restrepo (2022), we characterize the equilibrium in terms of task

shares. Define the task shares of worker group g and capital as

[y(w) = ) on g - dx for g€ G,
D) =~ [ (g
k M J7 ) kx " qx .

The integrals are computed over the set of tasks allocated to worker groups and capital
when base wages are w, denoted by 7,(w) and T (w). Task shares summarize how the value
of tasks assigned to workers and capital varies with base wages. Assumption 1 ensures that

task shares are bounded, positive, and differentiable (from strict comparative advantage).

In addition, define the average group rent earned by g workers in tasks in 7,(w) as

1 A-1

F(w)‘ S u;;/\-dxforgeG.
g glw

Hg(w) =

PROPOSITION 1 (EQUILIBRIUM REPRESENTATION) The market equilibrium exists and is

unique. The base wage vector w and output level y solve the equations

(1) Wy = %)A‘Fg(w); for geG,
1/(1-3)
(2) L=|Tp(w) + > Ty(w) - pg(w) -w;)‘) :

Equation (1) ensures that base wages clear labor markets. Equation (2) is the ideal
price index condition. Equations (1) and (2) are similar to the implications of a standard

CES production function combining capital and labor. The key difference is that the CES



shares are endogenous and given by task shares, which depend on technology and rents. In

what follows, we denote task shares and average group rents in equilibrium by I'; and f,.

Our next proposition explains how rents distort equilibrium allocations.

PROPOSITION 2 (INEFFICIENCY) The equilibrium is inefficient:

e it features too little employment in high-rent tasks;

e it involves inefficient automation of tasks for which

Wg - Hg 1 Wy * Mgz
(3) I < < :
¢g:ﬁ ¢kx “Qx 77ng

Efficiency requires the VMPL to be equalized across tasks assigned to workers of a group
and the VMPL that workers could achieve in automated tasks to be below the VMPL in

tasks assigned to them. The proposition shows that worker rents distort both margins.”

First, rents distort employment decisions: firms hire workers until the VMPL equals the
task-specific wage wy - g, and therefore, the VMPL in tasks with high rents exceeds the
VMPL in lower-rent tasks. Consequently, hiring decisions are inefficient and output can be
increased by reallocating workers towards higher-rent tasks. This first source of inefficiency
depends on the variance of rents across tasks assigned to each group—a common intuition

in the missallocation literature (e.g., Hsieh and Klenow, 2009).

The second and more novel inefficiency concerns automation. Tasks for which (3)
holds are inefficiently automated: reallocating some of g workers to these tasks from non-
automated ones would raise output (per reallocated worker) by p, g, —wg-py—their VMPL
in task = minus their average VMPL in other tasks. These gains are positive whenever (3)
holds. Firms inefficiently automate these tasks because the wage they face exceeds the op-
portunity cost of workers (given by their average VMPL). This second source of inefficiency
depends on the difference in rents that firms would have paid workers in automated tasks
and the rents earned by workers elsewhere in the economy. Notably, it can be present even

if there is no dispersion in rents among tasks assigned to workers in equilibrium.

2.3 Effects of Automation

The previous section characterized the equilibrium and established two sources of ineffi-

ciency. This section studies how new automation technologies affect wages and productivity.

9Besides worker rents, there are no inefficiencies in this economy. The market equilibrium is efficient in
the absence of rents (as in Acemoglu and Restrepo, 2022) or when (4, = p14 for all g e G and z € 7.

9



New automation technologies are represented by an exogenous increase in ¢, from zero
to a positive level ¢, > 0 for tasks in .27 in 7, across all groups g € G. The sets {7 } ¢ are
technologically determined and contain tasks that could not be initially automated but are
now feasible to automate. For example, advances in robotics in the 1980s and 1990s made
it possible to automate industrial tasks such as welding or painting, previously performed
by blue-collar workers. The development of enterprise software systems made it feasible to

automate clerical tasks performed by clerks and assistants.

We provide formulas for the first-order effects of new automation technologies, obtained
by assuming that the sets </ are “small” and in the interior of 7,.'% Our formulas
characterize the effects of automation in terms of the following objects, all written as

functions of wages and employment in the initial equilibrium, {#}} ¢ and ¢} > 0:

o The set of tasks .27, (as a subset of @) that firms choose to automate at initial wage

levels:

Wy * gz 1
oty = weyr: Watan }
I { g 77Dgz C];',;?/)kx

(We focus on the relevant case where the set o7, has positive measure, so that there

is additional automation in equilibrium.)

e The direct task displacement experienced by group g¢:

fgfg lgy - dx

dInT9 = .
Hhy ngfgx-dx

(This measures the reduction in g’s task share from the automation of tasks in .o,
and is given by the initial share of group ¢ employment in newly-automated tasks.)

e The average cost savings from automating tasks in 47,

) [ngggz'/ubga:'ﬂ-gm'dx
! f%g lya - fige - di

™

)

where the 7g,’s are cost savings from automating task z in 47,

, . . . A_l
Ty = — (qf Vhe Wy ”gx) ~1]>0.
A-1 Voe

Formally, we assume the sets %T have measure less than e for some small € > 0 and are in the interior
of 7,4. See the Appendix for the exact definition and the Supplementary Materials for further details and
the characterization of the approximation error in these first-order equations.

10



e The average rent earned by group g workers in newly-automated tasks

B fgfg oo - frgo - da
Moty = [ﬂg ggx -dx

We first take this average rent as given and later provide conditions under which

adoption endogenously targets high-rent tasks.

The objects ({dInT}gec, {7y} gec, {{1ter, }gec }) summarize the direct impact of new au-

tomation technologies on task shares and average group rents holding wages constant.!!

In equilibrium, task shares and group rents also change as tasks are reassigned in re-
sponse to wage changes. We refer to these as ripple effects. Figure 1 illustrates the direct
and ripple effects. The left panel depicts an equilibrium allocation of tasks to g, ¢’, and
capital. The right panel represents new automation technologies in the set %T, and the set
of automated tasks in <7, c @ Following the displacement of g workers from <7, there
is an endogenous reassignment of tasks from other factors towards g, as this group sees a
relative wage decline. This reassignment shapes the extent to which the incidence of the

displacement effects from automation are shared between g and other groups.

FIGURE 1: THE TASK ALLOCATION AND THE EFFECTS OF AUTOMATION. The left panel
provides an example of a task space and an equilibrium allocation of tasks to g, ¢’, and capital.
The right panel illustrates the direct task displacement and ripple effects.

HThese objects can be viewed as ex ante sufficient statistics: they are functions of initial wages and
allocations (which depend on primitives) and parameters describing the capabilities of new automation
technologies (which are taken as exogenous). They do not depend on new equilibrium prices or quantities.
This implies that our key equations link changes in prices and quantities to pre-determined objects.

11



To illustrate the role of direct and ripple effects, differentiate (1) to obtain:

1 OlnT,(w)
dinrd 4 = . 5 R0l
2 o,

!
A

1

dlny -
ny -+

dlnw, = ~dlnw; for geG.
The term d1n Fg represents the direct task displacement experienced by workers from group
g and the third term represents ripple effects—equilibrium task reassignment in response

to wage changes. Using these equations to solve for dlnwg, we derive:
1 p , 1 !
dlnwg:X-@g-stack(dlny—dlnf‘j), Wlth@:(ﬂ—x'jp .

Here stack(z;) denotes the column vector (x1,22,...,2g), and Jr denotes the G x G' Jaco-
bian with entries Jr 4 = 0InT'y(w)/0Inwy. Asin Acemoglu and Restrepo (2022), we refer
to © as the propagation matriz. Each entry 6,4, is non-negative and captures the extent to

which shocks that reduce the base wage of group ¢’ affect group g via ripple effects.!?

In our economy with distortions, we also need to keep track of how ripples affect average

group rents. This information is summarized by the rent-impact matrix:
1 -1
M= (1-5-%)

where 7, is a G x G Jacobian with entries J,, 4, = Oln py(w)/0Inwy. This matrix tracks
the change in average rents across groups as tasks are reassigned in response to a change in
wages. Its entries summarize whether the competition between group ¢’ and g takes place
at tasks where g workers earn above-average rents (in which case the entry is positive) or

below-average rents (in which case it is negative).

The next proposition provides formulas for the first-order effects of new automation

technologies on wages, rents, and productivity.

PROPOSITION 3 (EQUILIBRIUM EFFECTS OF AUTOMATION ON WAGES AND OUTPUT)
Consider new automation technologies in small interior sets { ] }gec with direct effects

<{d1an}g€<g, {Wg}ge((;,{{ﬁb%}ge@}>. The first-order impacts on base wages and output are

12The propagation matrix takes the form of a Leontief inverse because it accumulates successive rounds
of reallocation. Acemoglu and Restrepo (2022) show that this inverse exists, has positive entries, and
eigenvalues in [0,1]. This means that ripple effects play an equalizing role and dampen the direct effects
of automation. The entries of the propagation matrix also summarize how substitutable groups of workers
are in the aggregate. Recall that different demographic groups are perfect substitutes at the task level, but
imperfect substitutes in the aggregate.

12



given by the solution to the system of equations

(4) dlnwg=@g-stack(%-dlny—%-dlnff) for ge G
(5) ng-dlnwgzzsg-dlnf‘z-ﬂ% ‘T,
g g Fg

where s, is the share of g’s earnings in output. Moreover, the change in group rents is

1

(6) dlnpg = Myg- stack(/\

1 Mo,
dlny - —-dl Fd)— 29 _1|-dInT?.
X (Ng ) e

and the change in aggregate consumption is dlnc = (1/sy)-dIntfp, where sy is the labor

share in output and dIntfp is change in TFP due to new automation technologies:

Her,

(7) dintfp=> s,-dInl'?- g+ Y sg-dInpy
7 g

9
PrROOF. We provide a sketch of the proof. Equation (4) was derived above. It follows
from differentiating the labor-market clearing condition in (1). Equation (5) follows from

differentiating the ideal-price index condition in (2), and with (4) pins the change in output.

Define dIntfp = dlny — si - dlnk. With constant returns to scale, we obtain the dual
version of Solow’s residual: dIntfp =¥, s, (dInwy + dlnpu,). Substituting ¥, s, - dlnw,
from (5) yields (7). The fact that dlnc = (1/sy)-dlntfp follows from c=y—-k. =

Using the formulas in the proposition, we obtain the impact of automation on average

group wages Wy = Wy * flg aS

24

0 o ) (%
g

) —1)-dlnFCgl.

To gain intuition for this formula, consider an economy where groups can produce disjoint
task sets and capital produces all tasks with ¢, > 0, so that there are no ripples, the

propagation matrix is the identity, and the rent-impact matrix zero.'* Equation (8) becomes

1 1 o,
9 dlnw,= —-dln - —.dInl? (== _-1)-dInT%
) p= ey = geanry (%) g
productivity effect displacerrTent effect rent dissipation

13This holds when (i) for all z, 1,4, > 0 implies 1, = 0 for all ¢’ # g; and (ii) for all z, 9y, > 0 implies
Yz > %k for some threshold %k > 0.

13



The change in average group wages depends on three effects. The first two operate
in models with competitive labor markets, such as Acemoglu and Restrepo (2022), and
capture the effects of automation working via labor demand and base wages. These include
a positive productivity effect, as demand for all workers increase thanks for the expansion of
output, and a negative displacement effect—automation directly reduces the share of tasks

employing workers from group g by dInI'¢ and thus their labor demand.

The third term captures the new rent dissipation effect, which amplifies wage losses
for exposed groups when fi., > 14, so that automation displaces workers from higher-rent
tasks and pushes them into lower-wage jobs. The strength of rent dissipation depends on

[ter, [ tg—how high average rents were in newly-automated tasks relative to the average.

In the general case with ripples in (8), group ¢’s average wages also depend on whether
other groups competing with it are displaced by automation. When this competition chan-
nel is active, the direct task displacement experienced by other groups also impacts group g
via the propagation and rent-impact matrices—the former capturing average competition
for tasks and the latter adjusting for whether this competition takes place at higher-rent

tasks (in which case there is additional loss of rents for the group in question).

One important difference between the displacement effect and rent dissipation is in
their propagation. When automation displaces a group of workers from their tasks, its
(relative) base wage declines. This induces firms to reassign marginal tasks to this group,
propagating the incidence of the shock to other groups. In contrast, affected groups bear
the full incidence of rent dissipation. This is because rent dissipation does not work by
reducing base wages via labor demand and thus does not induce further reassignment of
tasks. Rather, rent dissipation works by shifting the composition of jobs left to workers.
Because it depresses their rents in excess of their base wage, rent dissipation can have

sizable impacts on exposed groups that are not dampened by ripple effects.

We next discuss the implications for productivity. In our economy, changes in TFP
are proportional to the aggregate change in consumption and the average change in wages
paid to workers: dIntfp =sg-dlnc= % s, -dInw, We therefore focus on the effects of

automation on TFP, which summarize its impact on consumption and average wage levels.

In the absence of ripples, the productivity gains in equation (7) simplify to

.z, M,
(10) dlntfp= Y sg-dInlf.-—%.my - > s, £-1|-dInT¢.
g Hg g Hg
direct technological gains a-la Hulten changes in allocative efficiency
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This formula is related to Bagaee and Farhi (2020), who decompose the total effect
of new technology in inefficient economies into a direct effect and changes in allocative
efficiency. The first term in (10) represents the direct benefits from reducing the cost of
producing automated tasks. This term is positive and has the same envelope logic as
Hulten’s theorem: it is the product of (i) the cost share of automated tasks in output (i.e.,

their Domar weights), which is s,-dInT'¢- u%

, and (ii) cost savings from automation, m, > 0.
The second term, in turn, reflects changes in allocative efficiency due to automation. It
captures how changes in the allocation of labor across tasks affect output. In a competitive
labor market, this term is zero thanks to the envelope theorem—the initial allocation of
labor across tasks already maximized output. This is no longer true in the presence of labor
market distortions. In this case, the automation of jobs that pay above-average rents, in
the sense that p., > 1y, worsens efficiency because it reallocates workers from tasks where
they had a high VMPL towards tasks where, on average, their VMPL is lower.

A complementary interpretation for the TFP formula identifies the first term in (10)
with the value of automation perceived by producers (and passed to consumers, since
product markets are competitive). This value is positive and is equal to the surplus of
switching from producing tasks in 7, with labor (at the cost =2% ’”) to producing with
capital (at the lower cost M)' This private value is not the same as the social value of
new automation technologies because of the mismatch between wages paid by firms and
the opportunity cost of labor. The second term adjusts for this mismatch: it corrects for
the fact that the benefits of automation perceived by producers overstate the social gains

when newly-automated tasks used to pay above-average rents.

One important implication of the TFP formula in (10) is that new automation tech-
nologies can have a net negative effect on productivity, average real wages, and welfare
(measured by aggregate consumption). This occurs when new automation technologies are
adopted in tasks where workers earn high rents despite the fact that these technologies
generate small cost savings. By contrast, with competitive labor markets, new automation
technologies always increase TFP, consumption, and mean wages (even if they can cause

the real wages of displaced groups to decline).

Turning to the general case with ripples, the expression for TFP changes in equation (7)

illustrates that allocative efficiency can deteriorate due to rent dissipation or because ripple

“In our model, rents are unrelated to product market distortions (which are not present in this econ-
omy). For this reason, consumers’ and firms’ valuation of new automation technologies coincide. If labor
market rents were related to producer markups, there would be an additional positive welfare effect from
automation, because automation would, in this case, increase production in distorted sectors.
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effects reallocate workers away from higher-rent tasks, as summarized by 3, s, dIn pu,.

Overall, Proposition 3 highlights the importance of the new rent dissipation mechanism
for wages and productivity. The next section provides conditions under which automation
endogenously targets higher-rent tasks, generating rent dissipation. Our empirical exercise

then estimates the rate of rent dissipation, given by piu, /1y — 1.

2.4 When Does Automation Target High-Rent Tasks?

We now provide sufficient conditions for equilibrium adoption to target higher-rent tasks.
A key economic force in our model is that, all else equal, higher rents for workers in-
crease labor costs and encourage automation. This force by itself does not guarantee that
newly-automated tasks pay above average rents, because higher-rent tasks may be under-
represented among newly-automatable tasks in ,@/QT, or the productivity of capital in these

tasks may be low. The next assumption imposes that there is no such “low-rent bias.”

AssuMPTION 2 (No Low-RENT Bias) Let F,(u|S) denote the share of group g employ-
ment in tasks in S that pay rents above u (i.e., one minus the rent cdf ). New automation

technologies represented by {2} } gec and {qg’c}ze{%T}geG feature no low-rent bias if:

(i) for all p>1, Fy(ule) > Fy(ulT,);

(ii) for all p>1 and a,{by}, >0, Fy(ul{z € AL g Ve = a, {thgs = bglg}) = Fg(ﬂ|%T)'

Part (i) imposes that opportunities for automation are not biased towards low-rent tasks.
Part (ii) requires that for tasks that can be automated, workers’ comparative advantage
relative to capital is unrelated to rent levels. The next proposition shows that (i) and (ii)
are sufficient (though not necessary) for the adoption of new automation technologies to

target tasks that pay above average rents, generating rent dissipation.'®

PROPOSITION 4 (ENDOGENOUS TARGETING OF HIGH-RENT TASKS)
Consider new automation technologies represented by { ]} gec and {qg’g}xe{%T}geG, and sup-

pose these technologies satisfy Assumption 2 . Then

Fy(ulty) > Fy(pler)") = Fy(ulTy)  for all ju>1.

15 Automation can still affect some groups of workers more than others, as these conditions only need
to hold within groups. Note also that Assumption 2 provides sufficient conditions. Rent dissipation can
occur more generally, for example, if new automation technologies are biased towards high-rent tasks (and
there are natural economic forces for this to be the case) or have only minor bias towards low-rent tasks.

16



Moreover, when not all tasks in <] are automated (the set o} \ <7y has positive measure),
the first inequality is strict, and the distribution of rents for group g in newly-automated

tasks first-order stochastically dominates the distribution of group g’s rents in the economy.

First-order stochastic dominance implies fi.;, > 4, and so Proposition 4 provides suffi-
cient conditions for automation to generate rent dissipation. Condition (i) in Assumption
2 ensures that Fy(ulZ) > Fy(u|T,). The key economic force identified above, where high
rents encourage automation holding all else equal, coupled with condition (ii) in Assump-
tion 2 ensure that Fy(p|es) > Fy(ul«/!). This inequality is strict whenever there is a

meaningful adoption margin—meaning that not all tasks in <7 are automated.

The targeting of high-rent tasks also has novel implications for wage dispersion within
groups exposed to automation. To show these, assume that each worker performs a single

task, so that the within-group distribution of wages is the same as that of rents.

PROPOSITION 5 (AUTOMATION AND U-SHAPED WITHIN-GROUP WAGE CHANGES)

Suppose that the set of newly-automated tasks <7, satisfies F,(u|l<zy) > Fy(ulT,) for all u>1
(Assumption 2 is sufficient for this). Denote by Inw} the p-th quantile of the distribution of
(log) wages in group g and by m, the initial mass of workers in jobs that pay no rents. The

automation of tasks in <, shifts the distribution of within-group wages Inwy as follows:

o dlnwy =0 for pe[0,mg];
o dlnw) <0 for pe(my,1);

e dlnwl) <0 for p— 1. Moreover, if for all p> 1, there exists 6 >0 such that a positive

share of at least § tasks with rent pg, = p are in Ty~ 2/, then dlnwg =0 asp — 1.

Figure 2 illustrates the U-shaped pattern of within-group wage changes outlined in
Proposition 5. The lowest wage workers in g are those employed in tasks that pay no rents
and thus earn no rents before or after tasks in 7, are automated. Consequently, their
wages change only because the base wage for group ¢ is impacted in equilibrium. Workers
in quantiles above m, are more likely to be employed at automated tasks, generating a
further decline in wages dlnwj < 0 for p € (mgy,1) due to rent dissipation. At the top we
expect one of two scenarios. Either dlnw) <0 as p — 1, or dlnw} = 0. The second scenario

results when there are high-rent jobs assigned to g that cannot be automated.

The results in Proposition 5 contrast with the view that technological progress increased

inequality in a fractal way—across all dimensions, including within narrow groups. Our
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FIGURE 2: PREDICTED CHANGES IN WITHIN-GROUP WAGE QUANTILES DUE TO AUTOMATION.

theory predicts that automation can generate lower within-group inequality for groups

exposed to automation, and identifies this outcome as a telltale sign of rent dissipation.

The next section turns to our empirical evidence, focusing in particular on whether
the adoption of new automation technologies in the US from 1980 to 2016 targeted above

average-rent jobs and generated rent dissipation.

3 REeEDUCED-FORM EVIDENCE

This section presents reduced-form evidence on the impact of automation on group-level

wages, within-group wage dispersion, and worker rents in the US between 1980 and 2016.

We focus on 500 detailed demographic groups, defined by five education levels, gender,
five age groups, five race and ethnicity groups and native/immigrant status. We estimate

group-level specifications of the form
(11) Change in group g outcome 1980-2016 = (5 - task displacementﬁ + Xy -y + ug,

where task displacementj is the empirical analogue of dInT'¢ and measures the (direct)
task displacement due to automation experienced by group g between 1980 and 2016, and
X, includes other covariates, and u, denotes the residual. In all specifications, we weight
groups by their share of US employment in 1980 and report standard errors robust against

heteroscedasticity.

Our main outcomes are the change in group average real hourly wages and the changes
in the p-th percentile of the within-group wage distribution, dlnwj for p = 5,10,...,95,99.
These are computed from the 1980 Census and by pooling 2015-2017 American Community
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Survey (ACS) data. We also use the Basic Monthly and Displaced Worker Supplement from

the Current Population Survey (CPS) to create proxies for worker rents, as described below.

3.1 Measuring Task Displacement

Our main explanatory variable is the task displacement from new automation technologies
between 1980 and 2016. Our strategy for measuring task displacement follows Acemoglu
and Restrepo (2022), and makes adjustments to account for rents. It is based on the

following assumption.

ASSUMPTION 3 (MEASUREMENT ASSUMPTION) During 19802016, only routine tasks were
automated, and within an industry all groups of workers were displaced by automation from

routine tasks at a common rate.

Supplement S1 considers a multi-sector version of our model and shows that, under

Assumption 3, the task displacement experienced by a group can be estimated as

0, .
(12) task displaeementg = Z é .RC A;(;utlne )

~dIn sf;
(L4 s (N=1)-73) - proy, [ 1t

i

This measure is the the product of three terms:

o (,/l, represents group g¢’s exposure to industry ¢. This term accounts for groups’

specialization in sectors that introduced new automation technologies.

° RCA;‘Z”“HC is a measure of the revealed comparative advantage of group ¢ in routine
jobs in industry ¢. This term apportions the incidence of automation in the industry

based on who performs routine tasks.

e —dlIn s, is the percent reduction of the labor share in industry ¢ due to new automation
technologies over 1980-2016. In our framework, the rate at which tasks are automated
in an industry can be recovered from its labor share decline. The decline is divided
by 1+sp-(A=1)-m; to adjust for the effects of automation on the labor share working
via substitution across tasks, and by ., /pu;—the average rent in tasks automated in

industry i—to adjust for the effects of automation operating through worker rents.

We measure task displacement using data for 49 industries from the BEA Integrated

Industry-Level Production Accounts. We compute employment shares by industry, ¢,;/¢,,
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and revealed comparative advantages RCA;;-OUtine for the 500 demographic groups from the
1980 Census. We define routine jobs as the 33% occupations with the highest routine con-
tent according to O*NET. Following Acemoglu and Restrepo (2022), we estimate —dIn s¢,
as the predicted labor share decline from a cross-industry regression of percent labor share
changes by industry (from the BEA, from 1987 to 2016 and re-scaled to a 36-year change)
against three proxies for automation: the adjusted penetration of industrial robots (from
Acemoglu and Restrepo, 2020), the increase in the share of specialized software services in
value added, and the increase in the share of dedicated machinery in value added (from
the BLS Total Multifactor Productivity Tables). For the adjustment term, we set A = 0.5,

i =30% and ., /u; = 1.35 for all industries. These choices are motivated in Section 4.
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FIGURE 3: DIRECT TASK DISPLACEMENT DUE TO AUTOMATION ACROSS INDUSTRIES AND
GROUPS. The left panel plots the labor share decline from 1987 to 2016 (in %) across US indus-
tries (positive values correspond to declines). The orange bars denote the component attributed
to three proxies of automation. The right panel plots our measure of direct task displacement
from equation (12) across 500 demographic groups between 1980-2016.

The left panel of Figure 3 summarizes the industry labor share trends. The blue bars
show the observed labor share declines (in percent). The orange bars depict the component
attributed to our proxies of automation, which jointly explain 50% of cross-industry changes

in labor shares since 1987.
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The right panel of Figure 3 depicts our measure of task displacement from automation
during 1980-2016 for 500 US demographic groups, plotted against their baseline hourly
wages in 1980 in the horizontal axis. Groups with post-college degrees lost few tasks due
to automation between 1980 and 2016, while workers in the middle and lower middle of

the wage distribution lost 15%-20% of their 1980 tasks to automation.'6

3.2 Automation and Average Group Wages

As a benchmark, we first explore the reduced-form relationship between automation and
average group wages. This involves estimating (11) with the change in group log average
wages between 1980 and 2016 as dependent variable and is the analogue of the results in
Acemoglu and Restrepo (2022).
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FIGURE 4: REDUCED-FORM RELATIONSHIP BETWEEN AVERAGE GROUP-LEVEL WAGE CHANGES
AND TASK DISPLACEMENT. The left panel plots the bivariate relationship between change in
group average real wages and task displacement. The right panel partials out the effects of gender
and education dummies and sectoral demand and rent shifts.

The left panel in Figure 4 plots the bivariate relationship between changes in average
group wages and their exposure to automation. The point estimate indicates that a 10
percentage point increase in task displacement is associated with a 24% reduction in group-

level (relative) wages. This single measure of exposure to automation explains 66% of the

6The measure in (12) is the same as in Acemoglu and Restrepo (2022), except for the term ji., /p;, since
our previous work did not consider the role of rents. There are also minor differences in weights explaine
previ k did not ider the role of rents. Th 1 i diff i ights explained
in Supplement S3. These adjustments account for the differences in point estimates in this paper.
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variation in wage changes between demographic groups in the US since 1980.

The right panel in Figure 4 depicts this relationship when we control for potential
determinants of the demand for the labor of a group, including: (i) gender and education
dummies, which allow for other forms of skill-biased technological change impacting groups
with a college or post-college degree and other technological or social changes impacting
the demand for women relative to men; and (ii) changes in sectoral composition affecting

labor demand, measured by the following three terms:

Lyi
Sectoral demand shifts, = Z gi - Allnvalue added;,

i ‘g
which accounts for exposure to expanding sectors (in value added);

loi [ Wy
Sectoral rent shifts, = Z . (w—g - 1) - Alnvalue added;,

7l \ Wy

which allows financial effects on groups earning above-average rents in expanding sectors (in
this expression, w,, /1w, is the ratio between the average wage earned by a group in industry
i and the average group wage).!” Finally, the third term is the employment shares of groups

in manufacturing in 1980, which controls for shocks affecting all US manufacturing workers.

The point estimate for the right panel is now B = -1.98, and implies that a 10 percentage
point increase in task displacement from automation is associated with a 20% reduction in
average group wages. Differences in exposure to automation continue to account for 53%

of the variation in wage changes between US demographic groups since 1980.

Our theory implies that the relationship shown in Figure 4 reflects both direct displace-
ment effects from automation (which reduce the relative base wage of exposed groups) and
rent dissipation (which shifts exposed groups towards lower-rent paying jobs). The next

section separates their roles and quantifies the importance of rent dissipation.

3.3 Evidence for Rent Dissipation

We first explore the within-group wage changes associated with automation, and document
that, in line with the presence of rent dissipation, a sizable share of the wage decline in
exposed groups takes place at top percentiles. We then use proxies for rents to show that

automation shifts exposed groups of workers away from high rent jobs.

"For these covariates, we measure ¢4; /¢, and w,;/w, from the 1980 Census. We also measure the change
in value added from the BEA industry accounts for 1987-2016, converted to a 36-year equivalent change.
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Automation and within-group wage changes: We estimate a variant of equation
(11) with the dependent variable as the change in log wages at the p-th percentile of the
within-group wage distribution between 1980 and 2016, Alnw}, for p = 5,10,...,95,99.
To facilitate the interpretation of our findings, Figure 5 plots the effects of automation at

these different percentiles relative to the wage change for the 30th percentile.!®

Effects of task displacement on within-group
wage changes, 1980-2016

e

-o— sectoral shifters

-1.54 =sgectoral rents

Coefficient estimate relative to 30th percenti

+gender and education

94 +manufacturing

10th 20th 30th 40th 50th 60th 70th 80th 90th 99th
Wage percentiles within exposed groups

FIGURE 5: REDUCED-FORM RELATIONSHIP BETWEEN WAGE CHANGES ACROSS PERCENTILES OF
THE WITHIN-GROUP WAGE DISTRIBUTION AND TASK DISPLACEMENT. The figure plots estimates
from a group-level quantile regression of changes in d In w} against task displacement for percentiles
p ranging from the 5th to the 99th relative to the 30th percentile. Different colors represent
estimates from different specifications.

The black line depicts estimates from a specification that controls just for sectoral shifts.
The remaining lines add sectoral rent shifts (orange line), gender and education dummies

(blue line), and exposure to manufacturing (pink line).

In all specifications, a clear U-shaped pattern is visible. Groups exposed to automation
saw a more pronounced decline in wages between the 70th and 95th percentiles of the within-
group distribution. There is no differential decline below or around the 30th percentile,

and no additional decline at the 99th percentile, consistent with Proposition 5.

18This specification is equivalent to an unconditional group-quantile regression, as in Chetverikov et al.
(2016), and reveals the impact of automation on within-group wage dispersion. Because the impact on the
30th percentile varies somewhat between specifications, benchmarking to the 30th percentile makes the
specifications easier to compare. We show the same figure in levels in Supplement S3.
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One concern in interpreting Figure 5 is that minimum wages or other factors preventing
low wages from falling further may account for the weaker effects at the bottom. Supple-
ment S3 shows that our results are not impacted by these factors. The U-shaped pattern
is robust to controlling for the incidence of the minimum wage or restricting the sample
to groups with average real wages above $13 in 1980. We also show that the results are

similar when we control for declining unionization rates.?

Measuring rent dissipation from within-group wage changes: The results in Fig-
ure 5 motivate our first strategy for estimating the contribution of rent dissipation. In our
theory, automation reduces wages at bottom percentiles of the within—group distribution by
dInw,, since these workers earn no rents. All declines beyond this level are due to the loss
of rents, as workers are displaced from high-rent tasks. The pattern in Figure 5 suggests
that workers below the 30th percentile in exposed groups earn no rents and are impacted
only by changes in base wages, while above the 30th percentile there are worker rents.
We can then separate the average wage change in exposed groups dInw, into a base wage
component, given by the decline at the 30th percentile Aln wg’oth, and a rent dissipation

component, given by the additional decline above the 30th percentile Alnw, — Aln w30,

The left panel in Figure 6 depicts estimates of the first component (estimates from
equation (11) with Alnw}" as the dependent variable), and the right panel presents
estimates of the rent dissipation component, by running the same regression with Alnw, -
Alnw3®" as the dependent variable. Both specifications partial out gender and education

dummies, sectoral demand shifts, rent shifts, and exposure to manufacturing.

The left panel shows that a 10 percentage point higher task displacement is associated
with a 15.3% decline in wages at the 30th percentile of exposed groups. The rest of the
average wage effect is due to rent dissipation, as depicted in the right panel. A demographic
group experiencing a 10 percentage point higher task displacement sees an additional 3.5%
decline in wages above the 30th percentile. These numbers imply that a fifth of the overall
impact on average wages in Figure 4 are due to rent dissipation, with the rest driven by

changes in base wages.

Supplement S3 shows that these results are not sensitive to the use of the 30th percentile
is our measure of base wages. The estimates are similar when we use the 20th and 40th.

It also presents similar results when the sample is restricted to high-wage groups, when it

19A separate concern is that, in low-wage groups, workers between the 70th and 95th percentiles may be
more exposed to routine jobs, for example, because these jobs are available to the most skilled workers in
these groups. The fact that the pattern applies among higher-wage groups weighs against this concern.

24



40% 40%

Postgraduate
. & College
0%+ Some college
LY . . Highschoal
Highschool dropout

Postgraduate
#* College
. 30% Some college
Highschool

202 Highschoa dropout

—agse -
10% 4 Pt 2
0%
0% 4 v <,

-10%

-20% 4 e

=-1.53

-20% A

3 B=-0.37
(s.e= 0.33) (s.e=0.11)

0% s, 10% 15% 0% 5% 0% 5% 10 15% 20% 25%
Direct task displacement, 1980-2016 Direct task displacement, 1980-2016

-30% -30%

Wage changes at 30th percentile of exposed group, 1980-2016
2
Wage changes above 30th percentile of exposed group, 1980-2016

FIGURE 6: REDUCED-FORM RELATIONSHIP BETWEEN RENTS AND TASK DISPLACEMENT.
The left panel plots estimates of equation (11) using the change in wages at the 30th percentile of
a exposed group as a measure of base wage changes, Aln wSOth. The right panel plots estimates
of equation (11) using the change in wages beyond the 30th percentile of a exposed group as a
measure of rent dissipation, namely Alnw, — Aln wgom_ Both specifications partial out gender
and education dummies, sectoral demand and rent shifts, and exposure to manufacturing.

is limited to non-college groups, and when limited to workers with college education.

Measuring rent dissipation using proxies for rents: Our second strategy for esti-
mating the effects of automation via rent dissipation uses time-invariant proxies for rents

and traces the change in task composition for groups across jobs with different rents.

A key prediction of our theory is that automation dissipates rents by shifting workers

away from high-rent jobs. We measure these shifts in job composition as

Aln uzomp(’s‘tm“ = Z worker rent proxy,, - Aly,,
n

where worker rent proxy,,, is one of our time-invariant proxies for rents in job n (defined by
industry or industryxoccupation) relative to the average job, and Afy, is the change in the
share of hours worked across jobs by workers from group g between 1980 and 2016. We then
estimate equation (11) using Aln g™ " a5 the dependent variable. The coefficient on
task displacement gives the extent to which automation shifted exposed groups of workers

away from high-rent jobs, and provides direct estimates of its rent dissipation effects.

25



Our first proxy for rents uses inter-industry and occupation wage differentials in 1980.
This approach builds on the wage differentials literature, which documents that such dif-
ferences are persistent and largely unrelated to observable worker characteristics and job
attributes (see Krueger and Summers, 1988; Katz and Summers, 1989). We measure the
relative rent paid in an industry and occupation to a worker from group g as wg;,/w,, where

Wi, is the average wage earned by group ¢ in industry ¢ and occupation o in 1980.2

The top-left panel in Figure 7 depicts results using this proxy for rents, controlling for
our baseline covariates. We find that a 10 percentage point increase in task displacement
reduces group rents by 3.9% by reallocating workers away from higher-wage industries and
occupations. The similarity of the magnitudes of the estimates in this and the previous
strategy suggests that, consistent with our modeling of constant wedges, automation re-
duces group rents primarily by reallocating workers away from high-rent tasks, and not by

reducing rents within jobs.

The remaining panels present results using alternative proxies, aimed at building the
case that the relationship in the top-left panel is not due to the loss of compensating differ-

entials or a higher incidence of automation on workers of higher unobserved productivity.

First, we use estimates of wage losses due to displacement as an alternative proxy for
rents, based on the idea that displacement losses proxy for rents in previous jobs, while also
controlling for differences in worker skills (e.g., Krueger and Summers, 1988; Ruhm, 1991;
Jacobson et al., 1993). We compute wage losses using the Displaced Worker Supplement
from the CPS, and focus on workers who found a new job after displacement. Because the
sample of displaced workers is small, we estimate wage losses by industry and six broad
occupations, allow these to vary by gender and education (rather than at the more granular

level of 500 demographic groups), and averaged them over 1984-2022.2!

The top-right panel in Figure 7 depicts our findings using this rent proxy, and controlling
for our baseline covariates. We find that a 10 pp increase in task displacement reduces
group-level rents by 2% by reallocating workers away from jobs where rents—as measured

by wage losses due to displacement—are higher.

20This is equivalent to measuring worker rents by a group-specific industryx occupation intercept in
a Mincer equation, while controlling for a full set of interactions between age, gender, education, race
and birthplace. Our baseline results use wage differentials for the 49 industries in our analysis and 300
detailed Census occupations. Supplement S3 provides robustness checks using wage differentials computed
for broader occupational groups or only across industries.

21'We compute wage losses for workers with at least one year of tenure in their pre-displacement job.
A higher tenure threshold reduces the sample of displaced workers, but does not affect our estimates.
Supplement S3 also reports robustness checks using a common wage loss, instead of a gender and education-
specific wage loss as our proxy for rents.
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FIGURE 7: REDUCED-FORM RELATIONSHIP BETWEEN RENTS AND TASK DISPLACEMENT.
The figures show the reduced-form association between automation and the reallocation of
groups across jobs paying different rents. The outcome is measured as Aln ,u;eauocation
>, worker rent proxy,, - Afg,, where worker rent proxy, measures rents paid in job j to group g.
The top-left panel presents results using inter-industry and occupation wage differentials in 1980
to proxy for rents. The top-right panel presents results using wage loss from job displacement
to proxy for rents (computed from the CPS Displaced Worker Supplement). The bottom-left
panel presents results using the employment-to-employment monthly transition rate as an inverse
proxy (computed from the Basic Monthly CPS). The bottom-right panel presents results using
the voluntary employment-to-unemployment monthly transition rate as an inverse proxy for rents
(computed from the Basic Monthly CPS).

Our final two proxies for rents are based on worker quit behavior. The idea is that

workers are less likely to quit jobs that pay higher rents (as opposed to jobs that pay
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higher wages as compensating wage differentials or in return for their greater unobserved
skills). We use the Basic Monthly CPS and compute employment-to-employment (EE) and
voluntary employment-to-unemployment (EU) monthly transition rates following Fujita
et al. (2024). In line with the interpretation above, industries where workers see a 10%
larger drop in wages following a job loss have 0.37 pp lower EE rates and 0.065 pp lower
voluntary EU rates per month. The EE and EU measures are computed for broader groups
defined by gender and education across industries and occupations. The EE measure is
averaged over 1994-2023 and the EU measure is average over 1976-2023.%2

The bottom two panels of Figure 7 depict the estimates using the negative of EE and
voluntary EU rates as proxies for rents, controlling once again for baseline covariates. We
find that a 10 pp increase in task displacement pushes workers away from jobs with a 0.15
pp lower EE rate and a 0.03 pp lower voluntary EU rate per month. These results suggest
that automation displaced workers from jobs that they themselves were less likely to leave.
Using the association between wage losses and quit rates reported above, these estimates
imply that automation reduced worker wages via rent dissipation by 4%-4.6%, which is of

similar magnitude to those obtained from our other proxies.

All proxies for rents in Figure 7 show that there has been a pervasive shift away from
high-rent jobs for most groups of US workers since 1980, and identify the automation of
high-rent jobs as a plausible driver of this trend. Our regression results indicate that 33%
(in the top left panel) to 68% (in the bottom left panel) of these shifts across groups during

this period can be explained by differences in exposure to automation.

Taking stock: The results in Figures 5, 6, and 7 support the key implication of our
theory—that automation reallocates workers away from higher-rent jobs, generating rent
dissipation and compressing within-group wage differences. All our strategies and proxies
for rents provide broadly similar estimates for rent dissipation ranging from 0.2 and 0.46,
with a central estimate of 0.35. The estimates imply that workers used to earn an average
rent of 35% (fi., /ity = 1.35 in the theory) in jobs automated between 1980 and 2016.

22We compute average quit rates for the 49 industries in our analysis and 300 detailed occupations. We
also partial out time trends in the CPS from these industryxoccupation averages. Supplement S3 reports
robustness checks where we use average quit rates at different levels of aggregation.
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4  EQUILIBRIUM EFFECTS OF AUTOMATION

This section estimates the equilibrium effects of automation in the US between 1980 and
2016, focusing on the role of rent dissipation and its implications. We first extend our
model to a multi-sector economy to account for differences in automation and rents across
industries. We then derive formulas for the effects of automation and describe how we

measure and estimate the objects needed to quantify the effects of automation.

4.1 Multi-Sector Model

Supplement S1 provides the details of the multi-sector economy. The main difference is
that it introduces multiple sectors ¢ € II, each with its own set of tasks 7;. Sectoral outputs

are combined into a final good via an aggregator with elasticity of substitution n > 0.

We model new automation technologies as an exogenous increase in ¢, from zero to
q. taking place at tasks {%Ti’}ielge([} assigned to workers across industries. As before, o7,
denotes the subset of tasks that are actually automated. Additionally, dIn FZZ. denotes the
direct task displacement for group g in industry i (with dInT’ g the total task displacement
across all industries), my; denotes the cost savings from automating tasks in o7, and i,

is the average rent in these tasks (with ., its average across all industries).

Our main result extends Proposition 3 to the multi-sector economy. This extension is

the basis for our quantitative exercise.

PROPOSITION 6 (EFFECTS OF AUTOMATION IN MULTI-SECTOR ECONOMY)

Consider new automation technologies in small interior sets {%{}iemgeg with direct effects
({dInT g }ier gecs {7gi biet e {{fher,; biergec }). The first-order impact on base wages wy, sec-
toral prices p;, and output y are given by the solution to the system of equations:

1
e

1

dlnF?+X-Z%-(/\—n)-dlnpi) for ge G

(2

1
(13) dlnwg:@g-stack(x-dlny—

14 dlnp; =) s, -dlnw, — srwdlnfd‘wri oriel
g g g gt g
g g

gt

(15) ng-dlnwgzZsyi-25m~m-dlnfgi-ﬂgi,
g 1 g Hgi

where s4; is the share of group g’s earnings in industry i’s output and s, is the output share
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of industry i in GDP. Moreover, the change in group rents is given by

1 1 1 Ui
(16) dlnug=./\/lg-stack(x-dlny—x~dlnF?+X-Z£—;

7

O-)-ainp

i Uyi
_(M% ‘1)'dlnFZ+Z(M_g_1)'%'(A—n)-dlnpi forgeG
Hg i g 9

and the change in aggregate consumption is dInc = (1/sp)-dIntfp, where sy, is the economy-

wide labor share and dIntfp is the contribution of new automation technologies to TFP:

(17) dintfp= Zsyi Y Syt Mjgi dInTd; mgi + ) s+ dIn gy,
i g g

gt

From the proposition, we obtain the effect of automation on average group wages as

1 2

dlnrg+x-zf-(A—n)-dlnpi)

% J

1
A

1

dlny -
ny -+

(18) dlnwg = (0, + M) - stack(

pﬂﬁzfg d (,U/gi ) ggi
-|—-1]-dInT¢ + —-1]-—-(A-n)- -dlnp,.
(Mg ) ! Zz: Hg ly ( )

Relative to Proposition 3, these formulas account for the changes in sectoral prices
and the induced shifts in sectoral composition due to automation (for example, because
automation in one industry reallocates expenditure towards or away from that industry due
to price changes). Equation (14) shows that sectoral prices change due to base wage changes
(from Shephard’s lemma) and decrease in proportion to cost savings from automation. The
induced changes in sectoral composition affect base wages by shifting demand across groups

(the term Y; KE—JJ -(A=mn)-dlnp; in 13 and 18) and rents by shifting workers to or away from

sectors where they earn above-average rents (the term Y, (’;gg - 1) : % -(A=n)-dlnp; in
(16) and (18)).

4.2 Measurement and Estimation

The formulas in Proposition 6 allow us to compute the first-order effects of automation on
group wages, rents, output, TFP, and welfare in terms of the following objects (all of which

can be directly measured or estimated):

(i) the direct task displacement from automation for all demographic groups across in-

dustries d1In ng and in the aggregate dInT'%;
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(ii) rent dissipation due to automation, fi., /iy and piey, [jg;

(ili) cost savings from automation, m;;

(iv) the propagation matrix, ©, and the rent-impact matrix, M;

(v) the elasticities of substitution between tasks, A, and between sectors, 7;

(vi) factor and labor shares by industry at the initial equilibrium.

Because we lack disaggregate data for different types of automation, we assume that
the cost savings from the adoption of industrial robots in manufacturing—about 30% in
Acemoglu and Restrepo (2020)—applies across the board and set 7y = 30% for all industries
and groups. We also assume a common rate of rent dissipation across industries and groups,
i.e., foy,;[lgi = 1+ p. Finally, we obtain initial factor and labor shares from BEA industry
accounts, and set A = 0.5 from Humlum (2020) and 7 = 0.2 from Buera et al. (2015).

We next explain how we measure task displacement across sectors, and estimate the

rate of rent dissipation p and the propagation and rent-impact matrices, ©, and M.

Measuring task displacement: We use the 500 demographic groups from our reduced-
form analysis. We measure task displacement based on industries’ labor share decline due
to automation, as in the previous section. We then apportion this across groups based on
revealed comparative advantage in routine tasks. Specifically, using Assumption 3, the task

displacement from automation for group ¢ in industry ¢ can be computed as

—dln sgli 1

dl Fd- :RCArqutine_ .
i g T+su-(A-1)-7m 1+p’

while the total task displacement across all industries is computed as

Cy;
dlan = Zé -dlnf‘g.

i

This equation is a special case of (12) above, under the assumption that there is a common

rent dissipation p. We treat p as an unknown to be estimated.
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Estimating the propagation and rent-impact matrices: The changes in base wages

and rents in response to shocks in the multi-sector model are

1 ; 1
(19) Alnwg =5 - X ~dInlg + 3 Zy+ h - Jr,g - stack(Alnw;) + u,
(20) Alnpy =) = p-dInl+ - ZF + J, ;- stack(Alnw;) + e,

The constant term [y captures common shifts that benefit all workers equally, such as the
expansion of GDP, Alny. Additionally, Z; denotes observable shocks affecting the demand
for workers of group j directly (such as sectoral demand shifts), while Z;‘ corresponds to
these shocks’ effects on rents (such as sectoral rent shifts). The terms Jr, - stack(AInw;)
and J, ,-stack(AInw;) account for ripple effects and the endogenous reallocation of tasks.
The error term u, represents unobserved labor demand shocks for demographic group g,

while e, corresponds to any unobserved influences on group g¢’s rents.

We estimate p, © and M from the system of equations (19) and (20) via GMM. Follow-
ing our reduced-form analysis, we measure the change in base wages dInw, by the change
at the 30th percentile of the within-group distribution, and take the decline in wages above
the 30th percentile of exposed groups as a measure for the change in rents, dlnp,. This
procedure requires parameterizing the Jacobians Jr and J,, and estimating p and the

parameters of the Jacobians from the orthogonality conditions
dInT¢ Zy, Zt L uj,e; for all g, j.

and then computing the propagation and rent-impact matrices as © = (]l - % . j[‘)_ and
M=7,- (Il - %j{‘)_l at the estimated parameters.

We parameterize the entries of the Jacobian matrices in terms of job and demographic

group-level similarities. For the diagonal terms, we take:

Lyn e o
Trgg = (54g=1)-0=> > %'89'”'[6 + Ojop, - job similarity, , + fequ-age - edu-age 81m11ar1tygg,]

n g'+g ~9

and the off-diagonal terms, for ¢’ # g, are parameterized as:

l
Trgg =5q 0+, % +Sgrn + |0 + Bjon, - job similarity, , + fedu-age - edu-age similaritygg,] .
n Ly

Our parameterization assumes that competition between groups for marginal tasks takes

place within job categories, denoted by n, and defined in the data at the level of 16 industries
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and six occupations. The impact of competition from demographic group ¢’ on group g in
job category n depends on the importance of this job category for group g, £4,/¢,, and sy,
which captures the share of earnings in job category n accruing to group ¢’, both measured
from the 1980 Census. Intuitively, groups with greater which shares should generate more

competitive pressure on other groups in the same job category.

The parameters 0, Oiop, Gedu-age > 0 represent the extent of competition for marginal
tasks across groups. In particular, # summarizes the competition for tasks common to all
workers in a job category,?® while 6., parameterizes the extent to which competition is
more intense for workers performing similar jobs to group ¢’ in the economy as a whole.
This is measured by the cosine similarity in job categories performed by groups ¢’ and ¢ in
the 1980 Census. Finally, fcqu-age parameterizes the extent to which competition for tasks
is stronger for workers of similar education and experience, as in Card and Lemieux (2001).
This is measured by one minus the difference in experience and education (converted to

wages using a Mincer equation) between groups ¢ and g'.

The parameter ¢ > 0 controls the extent of competition between capital and workers
for marginal tasks. Recall that the row sums of the task Jacobian are equal to —si - ¢, and
thus summarize the extent to which marginal tasks are reallocated towards capital when
all base wages increase by a common amount. We calibrate ¢ externally, exploiting the fact
that, with this parameterization, the aggregate elasticity of substitution between capital
and labor is 0 = A + ¢ (capturing the sum of substitution between tasks and substitution
between demographic groups in marginal tasks), and set ¢ = 0.1 to match estimates of
0 = 0.6 from Oberfield and Raval (2021).

For the rent Jacobian, we follow a similar strategy and parameterize it as

Wen, lon
g = Z Z ( g ) / “Spg'* [0 + Giop, - job similarity,, , + Oedu-age - €du-age similarity ]
n g'+g g

and the off-diagonal terms, for ¢’ # g, as

Wyn, Lon N, o
Tig.9' Z (w_gg - ) £g_g Sng’ - [0 + B0 - job similarity  / + Ocdu.age - €du-age 51m11ar1tygg,] .
The term (% - 1) proxies for rents earned by group g in job category n, and accounts for

whether competition from demographic group ¢’ takes place at jobs where g workers earned

23This form of common competition can be micro-founded by assuming that worker productivity for all
tasks in job category n are drawn from independent Frechet distributions, with a common shape parameter
« and different scale parameters across groups. This specification implies 8 = o+ 1 - A.
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above average rents. We compute this from observed wages in the 1980 Census as well.
The rows of the rent Jacobian sum to zero, which imposes the restriction that substitution

of capital for labor at marginal tasks does not affect group rents on average.

Table S5 in Supplement S3 reports our GMM estimates for p and the 6’s. Here we

summarize the main findings:

e The common rent dissipation coefficient is estimated as p = 0.35 (s.e.=0.12). This

estimate aligns with the reduced-form evidence in Section 3.

e The estimated propagation matrix has an average diagonal of 0.34, and the row
sum of the off-diagonal terms is about 0.6. This implies that workers from exposed
demographic groups bear 36.5% of the incidence of automation, with the rest shifted

to other groups via competition for marginal tasks.

e The entries of the estimated rent-impact matrix are small. This implies that indirect

effects on group rents via endogenous task reassignment are limited.

4.3 Equilibrium Effects of Automation

This section reports our estimates for the effects of new automation technologies on wages,
rents, and TFP in the US between 1980 and 2016 using the formulas from Proposition 6.

Table 1 summarizes the estimates in column 2 alongside the data in column 1.

Effects on wages and group rents: Panel A in Table 1 reports our estimates for wages,
and Figure 8 depicts the same information by plotting the change in average wages for the
500 demographic groups, computed using equation (18). The vertical axis is for the change
in wages during 1980-2016 due to new automation technologies. The horizontal axes in all

panels sort groups according to their average hourly wages in 1980.

The panels of Figure 8 show the (cumulative) implications of different economic forces,
starting from the productivity effect (1/A)-dIny in Panel A. We estimate an expansion in
output of 14.4% over 1980-2016 in response to automation, which raises wages by 28.8%.
Panel B adds sectoral shifts induced by automation, and plots (1/A)-dIny+(1/X)-X;(¢:;/¢;)-
(A=n) -dlnp;, and shows that automation generates modest sectoral shifts with limited

wage effects.

Panel C adds the direct displacement effects from new automation technologies working
through base wages by plotting (1/A)-dIny+(1/A)-¥,;(¢;/4;)-(A=n)-dInp;—(1/X)-dInT'¢.
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FIGURE 8: WAGE EFFECTS FROM AUTOMATION. The figure plots estimates of the esti-
mated effects of automation on between-group wage changes. In all panels, the horizontal
axis gives each group’s hourly wage in 1980.

Consistent with the reduced-form evidence, task displacement has sizable effects on the
wage structure and generates a decline in the real wage of highly exposed groups, while

groups not exposed to automation enjoy real wage gains.

Panel D illustrates the equalizing implications of ripple effects. This panel plots ©, -
stack ((1/A) -dlny — (1/A) - dInT9 + (1/X) - 3;(4:./¢;) - (A= n) - dIlnp;), and shows a less
pronounced response in wage changes across groups than in Panel C. This is because
workers directly impacted by automation suffer wage declines and this makes them more
effective in competing for marginal tasks previously allocated to other factors. These ripple

effects spread two thirds of the incidence of automation across demographic groups.

Panel E adds the change in group rents, dln,. It confirms that new automation tech-
nologies generated sizable rent dissipation effects during 1980-2016. Most of the decline
in rents across groups comes from direct rent dissipation—automation targeting jobs with
higher than average rents—rather than the indirect effects working through the rent-impact
matrix. As explained in the theory, exposed groups bear the full incidence of rent dissipa-
tion. This is why rent dissipation intensifies income losses for these groups, exacerbating

the inequality implications of automation.

To further illustrate the contribution of rent dissipation, Figure 9 plots observed group-
level wage changes in the vertical axis against the estimated wage changes due to new
automation technologies between 1980 and 2016 in the horizontal axis. The left panel plots

the effects of new automation technologies via base wages, omitting the contribution of rent
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dissipation. The right panel plots the full effects including rent dissipation. The change in
base wages explains 42% of the observed wage changes, while the estimates on the right,
incorporating rent dissipation, explain 52% of observed wage changes. New automation
technologies, in total, explain 52% of the rise in between-group wage inequality in the US
between 1980 and 2016, with a fifth of this effect being due to rent dissipation.?*
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FIGURE 9: WAGE EFFECTS FROM AUTOMATION: MODEL VS DATA. The left panel plots
the predicted wage changes, without the effects of changes in rents, against observed wage
changes from 1980-2016. The right panel plots the predicted wage changes in our model,
incorporating the change in rents, against observed wage changes from 1980-2016.

Rent dissipation is particularly relevant for explaining the lack of real wage growth
among low-education groups. The left panel shows several groups below the 45° line,
indicating that without rent dissipation, new automation technologies cannot account for
the real wage decline seen for various groups from 1980 to 2016. In contrast, in the right
panel, where we incorporate the rent dissipation effects, automation accounts for most of

the observed real wage declines and stagnation.

As a further illustration, Table 1 reports our estimates of the change in wages and rents
for non-college men and women. Without rent dissipation, automation would have led to a
2.4% decline in the real wage of non-college men during 1980-2016 (compared to 6.5% in the
data) and a 2.4% increase in the real wage of women. Once rent dissipation is factored in,

we estimate an 8% decline for non-college men and a 2.2% decline for non-college women.

24The 42% number is lower than the 50% estimate in Acemoglu and Restrepo (2022) from a model with
competitive labor markets. This is because our current framework separates out the role of rent dissipation.
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Rent dissipation also implies that automation brought essentially no aggregate wage
gains in this period. Without rent dissipation, automation would have led to approxi-
mately 4.5% average increase in the real wage of US workers during 1980-2016. Once rent

dissipation is factored in, we estimate a small 0.5% increase.

Effects on TFP and consumption: Panel B in Table 1 reports our estimates for aggre-
gate quantities and TFP. Our benchmark value for cost savings of 7 = 30%, combined with
the extent of automation observed in the data, implies that new automation technologies
contributed a 3% increase in TFP to the US economy via cost savings from 1980 to 2016.
However, our estimate for fi., /[, of 35% means that new automation technologies also
created inefficient rent dissipation. Our estimates imply that new automation technologies
worsened allocative efficiency by about 2.7% during this period. This inefficiency offset
90% of the positive cost savings and led to a net contribution of automation to TFP of
0.3% in total over the time period 1980-2016.%°

Turning to consumption, and using the formula dlnc = (1/s) - dIntfp, we estimate
that new automation technologies increased aggregate consumption by about 0.46% during
1980-2016. This is smaller than the estimated increase in GDP of 14.4% because the
GDP increase reflects greater investment to produce capital equipment. According to our
estimates, new automation technologies raised the capital-output ratio—a measure of the
share of resources invested—by 27.9%. The increase in investment is in line with BLS data,

which indicate a 30% increase in the aggregate capital stock relative to GDP.

4.3.1 Robustness

Table 1 also reports a number of robustness checks. Column 3 reports estimates obtained
by assuming a rate of rent dissipation of 25%, as opposed to our baseline estimate of 35%.
The impact of rent dissipation on wages and TFP is less pronounced, but it still offsets

70% of the cost savings and average wage gains from new automation technologies.

Column 4 reports estimates obtained by assuming a rate of rent dissipation of 50%. At
this rate of rent dissipation, we estimate that automation between 1980 and 2016 would

reduce average wages by 0.7%, the wages of non-college men by 9%, and the wages of

25US TFP increased by 30% over this time period. Our estimates imply that almost all of this increase
was due to other technologies—not due to automation. These other technologies include those that create
new tasks for workers or new products, those that provide better information or tools to workers, raising
their productivity in tasks already assigned to them, or improvements in capital productivity in tasks that
were already automated.
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non-college women by 3.3%. We also estimate that the worsening allocative efficiency
due to rent dissipation would overwhelm the cost saving gains from automation, reducing
aggregate TFP by 0.47% during 1980-2016.

Column 5 reports estimates from a simple specification of the Jacobians where we
set 0 = 1.6 = X\, Gioh = Oeduage = 0 and the rate of rent dissipation equal to 35%. This
specification imposes a common elasticity of substitution of 1.6 between groups, as in
Katz and Murphy (1992), and leads to very similar similar estimates of the effects of new

automation technologies on wages and productivity.

5 CONCLUSION

This paper developed a framework for studying the effects of automation in labor markets
with worker rents—meaning that workers earn above their opportunity cost in some tasks.

Our main finding is that the presence of worker rents alter the consequences of automation.

We show that automation has targeted higher-rent tasks, which are more expensive
for firms to perform using labor and hence more attractive to automate. This has novel

implications for within-group inequality, wages, and efficiency:

1. Within-group wage effects of automation: Because higher-rent tasks are automated

first, automation reduces within-group wage dispersion in exposed groups.

2. Wage effects of automation: The impact of automation on group-level wages is am-

plified, precisely because it targets higher-rent tasks and thus reduces worker rents.

3. Allocative efficiency: Automation worsens allocative efficiency because it tends to
target higher-rent jobs, which are the ones that were undersupplied before automation
(in the sense that these are the tasks where the value marginal product of labor is
typically greater). As labor is eliminated from higher-rent tasks, productivity suffers.
Consequently, automation may reduce TFP and (utilitarian) welfare, or at the very

least, it increases these quantities less than its direct cost saving effects.

The paper also explored the empirical implications of automation in labor markets with
worker rents, using both reduced-form and more structural approaches. Our reduced-form
econometric work provides support for the rent dissipation mechanism. Most importantly,

we find evidence for the distinctive U-shaped pattern of wage changes within groups exposed
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to automation predicted by our theory. We also find evidence of a shift away from high

rent jobs for exposed groups exposed to automation using several distinct proxies for rents.

We complemented the reduced-form evidence with a quantitative exercise that estimates
the impact of automation accounting for rent dissipation on aggregates. This exercise
suggests that the baseline (“competitive”) effects of automation account for 42% of the
increase in between-group inequality in the United States since 1980, while rent dissipation
adds another 10 percentage points to automation’s explanatory power for between-group
inequality and is responsible for pushing several demographic groups from stagnant into
negative real wage changes. We also estimate that because of worsening allocative efficiency,

automation brought small gains in TFP, average wages, and consumption since 1980.

APPENDIX: PROOFS OF PROPOSITIONS 1-5

This appendix proves Propositions 1-5. We first derive the equilibrium conditions in the

text and provide a lemma for the Jacobian of task shares that will be used in our proofs.

Preliminaries: This section derives the equilibrium conditions E3 and E4. The produc-

tion of the final good is perfectly competitive, so p, = M- (y/yx)% , and

1

21 = — Y P
(21) Yo=37Y Pa

For tasks in 7T,(w), equation (21) implies

1 i -
€g$'¢g$:M.y'(wg'¢gx) ’
gx

which can be rearranged into E3. For tasks in 7;(w), equation (21) implies

1 1 -A
o= (L)
Gk =01 Y\ G i

which can be rearranged into the capital demand equation in E3. Multiplying equation

(21) by p, and integrating yields

Canceling y on both sides yields the ideal-price index equation E4.
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Jacobian lemma: The following lemma will be used in our proofs.

LEMMA 1 Let ¥ =1 - %alanlzgu)' For all wage vectors w, the matrix ¥ is non-singular.
Moreover, ¥ is a P—matriz of the Leontief type (i.e., with non-positive off-diagonal entries)

whose inverse © has all entries non-negative.

PROOF. Assumption 1 ensures that task shares are a continuous and differentiable function

of wages. We now establish the properties of 3.
First, because 0I'y/Owy > 0 for ¢’ # g, ¥ is a Z-matrix (it has negative off diagonals).

Second, Y has a positive dominant diagonal. This follows from the fact that g, =
dInT dlnT : . .
1- %alng >0, and Ygg = Yy [Bgel = 1 -2, %Blnn—wgg/ > 1. This last inequality follows
because gll:ig, < 0: when all wages rise by the same amount, workers lose tasks to
g

capital but do not experience task reallocation among them.

Third, all eigenvalues of 3 have real parts that exceed 1. This follows from Gershgorin’s
circle theorem: for each eigenvalue e of ¥, we can find a dimension g such that ||e — X, <
Y g+g|2gg|- This inequality implies R(e) € [Egg = Ygreg | Bggr]s g + Zg,¢g|Egg/|]. Because

Ygg = Lgreg |Sggr| > 1 for all g, all eigenvalues of ¥ have real parts greater than 1.

Fourth, since ¥ is a Z-matrix whose eigenvalues have positive real part, it is also an
M-matrix and a P-matrix of the Leontief type. The inverse of such matrices exists and

has non-negative real entries, 6, > 0. m

Proof of Proposition 1. We first show that equilibrium wages and output solve (1)
and (2). Aggregating the labor demand equation in E3 over tasks in 7,(w), we obtain
ly=y-T'y(w)-w,*. This can be rewritten as the market-clearing condition in (1). Likewise,

using the definitions of I'y(w), I'y(w), and p,(w), we can re-write E5 as (2).

To show (1) and (2) admit a unique solution, we first show that, given a level for output
y, there is a unique set of wages {w,(y) }, that satisfies the market clearing conditions in (1).

We then show there is a unique level of output that satisfies (2) (evaluated at {w,(y)},).
For the first step, Assumption 1 implies that I',(w) lies in a compact set [[,T']. The

mapping T : w - (Twy,...,Twg)’ defined by Tw, = (%)i ~Fg(w)§ for g=1,2,...,G is a

continuous mapping from the compact convex set X = Hgazl[(y/ﬁgﬁ -E%, (y/ﬁgﬁ -1;%] onto

itself. The existence of a positive wage vector {w,(y)}, solving this fixed-point problem

follows from Brouwer’s fixed point theorem.

We now turn to uniqueness of {w,(y)},. We can rewrite the system of equations

{wy(y)}y defining {wy(y)}, inlogs as F(z) = +-stack(lny-In¢;), where z = (Inwy, ..., Inwe)
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and F(z) = (fi(2),..., fe(z)) with fy(z) =z, -3 -InTy(z).

The Jacobian of F'is given by the M-matrix ¥. Theorem 5 from Gale and Nikaido
(1965) shows that the solution to the system F(z) = a is unique if the Jacobian of F'is a
P-matrix of the Leontief type. The theorem also shows that the unique solution z(a) is
increasing in a. As a result, the unique solution to the system of equations in (1) is{w,(y)},
with wy(y) strictly increasing in y. We also note that (y/£,) /ALY <w,(y) < (y/€,)V TV,
so that w,(y) - oo as y - oo, and w,(y) -0 as y - 0.

To conclude, we show that there is a unique y that satisfies the ideal-price index equation

(2). This condition can be written as I(y) = 1, where

0 (57 f oo 22} )] )

Because wages are strictly increasing in y, I(y) increases in y. Assumption 1 also en-

1/(1-X)

sures that a positive mass of tasks must be allocated to labor at any wage level, which
implies that I(y) is strictly increasing in y. The function I(y) can be written as I(y) =
(Te(w(y)) + £y Ty(w) - prg(w) -1y (y)12) " ™00 As y = 00, Ty(w) - py(w) - wy ()1 = oo
(since I'y(w) is bounded from below, p,(w) > 1, and A < 1) and I'y(w(y)) > 0. This implies
I(y) — oo. Moreover, as y - 0, I'y(w) - py(w) - wy(y)=> - 0 (since I'y(w) and py(w) are
bounded from above and A < 1) and I'y(w(y)) = 0 (since, by Assumption 1, all tasks can
be produced by at least one type of worker). This implies I(y) — 0.

Because I(y) is strictly increasing in y, there is a unique y € (0, c0) for which I(y) =1
and, therefore, a unique equilibrium with wages w, = w,(y). The equilibrium wages and the

tie-breaking rule for tasks where there is indifference uniquely determine the task allocation.

Our argument for uniqueness also shows that, under Assumption 1, the unique equi-
librium features finite output, positive wages, and positive task shares for all workers.

Moreover, from I(y) = 1, we obtain that, in equilibrium, 1 =T, >0. m

Proof of Proposition 2. Starting at the equilibrium allocation, reallocate a mass € of g
workers from task z to task =’ with  and 2’ in 7, and 14,7 > pt4,. This perturbation raises
aggregate output and consumption per reallocated unit of labor by py/ - Vge — ps - Vge =

Wy« [fhgar = fg] > 0. Hence, there is underemployment and high-rents tasks.

We now show that tasks x that satisfy (3) are inefficiently automated. The right-hand
side of the inequality implies these tasks are automated in equilibrium. Starting at the

equilibrium allocation, reallocate a mass € of ¢ workers drawn proportionally from tasks in
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7, to task z. This perturbation raises aggregate output and consumption per reallocated

unit of labor by px-ng—fnpz-ww-%’—:-dxz qu}j;x — Wy g >0. W

We now define the notion of small interior automation shocks.

DEFINITION 1 Suppose that the task space is a subset of R® with d > 2. An automation

shock is small and of order € if:
o The d—dimensional sets /] are measurable and have measure O(e).

o The d-1—dimensional hyper-surfaces By(w,) = {x el wfp—;:“”” = m} are smooth,

measurable, and have surface area O(e'=1?) for all g.

e The rate of change in B,(w,) is bounded from above by D. That is: D,(z) =

limy,o ¢ MiNgreB, (w,+h) || = 2| < D for all z € By(w,).
We also say that an automation shock is interior if <7 is in the interior of T,.

Our derivations assume we have small interior automation shocks. The requirements
that shocks are interior and that the newly-introduced boundary tasks in By(w,) have
surface O(e'~1/?) and their rate of change is bounded are needed to ensure that advances

in automation do not have first-order effects on the task and rent Jacobians.26

Proof of Proposition 3. Consider a small interior automation shock in .&/7 of order e.
For functions over the task space, F(w), we denote by F*(w) the new function obtained

after ¢, increases from zero to ¢, in &/7.

Derivation of equation (4): Lemma S1 in the Supplementary Materials shows that

+l.8lan(w)

. 2-1/d
N amw stack(dInw) + O(e*~ %)

1 1
(22) dInw, = LAY (InT¥ (w) = InTy(w))

This expansion decomposes the effects of wages into the productivity effect, the direct effect

of automation on task shares, and the reallocation of tasks in response to wages.

We now approximate InI'¢ (w) —InT'g(w). Let dly(x) =yt - pgs - da:

_f% dl,(z)
/7;, dly()

26We need the dimension of the task space to be at least two, since otherwise, any nonzero automation
shock has a first-order effect on substitution patterns. In Acemoglu and Restrepo (2022), this requirement
was not needed because we assumed all tasks for which advances in automation occurred where automated,
and so B, (wy) was an empty set. The requirement that advances in automation are interior can be relaxed
by imposing bounds on the hyper-surfaces at the intersection of szgT and the initial set of boundary tasks,
but this requires additional notation and complicates the proofs.

Iy (w) - Ty(w)

I'y(w) Ol =

+0(?) = =dInT¢ + O(€%).

Inl?(w) -InTy(w) =
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The first equality follows from an approximation of log changes. The second and third use

the definitions of I' (w) and dInT'%. Plugging in (22), we obtain

dny- L dmpe L I0T(w)

2-1/d
)\ y X omw stack(dInw) + O(e*71%).

dlnw, =
Lemma 1 implies that this system has the unique solution (to a first-order approximation)

1 1
dInwg = @g'StaCk(X ~dlny - N 'dlnl—‘?) +O(e¥ 1),

Derivation of equation (5): We turn to the ideal-price index condition, written as
I(w) = 1, where we now define I(w) = I'y(w) + ¥, T'y(w) - pg(w) - wi™. From Lemma S1,

the change in I(w) following a small interior automation shock is

OlnI(w)

(23) dl = I’ (w) - I(w) + I(w) - T

dlnw + O(e27 V),

Note that aln[(w) -dInw captures the effect of a change in wages on the cost of producing
the final good. Because tasks are allocated in a cost-minimizing way (given wedges), the

envelope theorem implies alnl(w) “dlnw=(1-X)-Y, s, dlnwy + O(e?).

The term I“(w) — I(w) in (23) captures cost savings from automating tasks in o7

holding wages constant. We have
17 (w) = I(w) =T () = Te(w) + Y0 (w) - 5 (w) -1, = 3Ty (w) -y (1) -1,
g g9
1 f _ _ _
=L (q;'wkm)Al_(ww/Mx)Al'wl>\ ~dx
Zg: M 'Q{gl: g g g ]

=Y [ Walig ) [(q‘% e 1] de
g ‘9

wgm
3L (e [ttt 1] g
a My Mg\ 79T Hga Yga v
:ng~dlnfg~ . T -
g Hg M f% (Vga/ge) ! - dz

=(A-1)-> s,-dInT?. '[:% ‘T
g

g

In the last step, we used gy - fige o< (Vgu/pige)* ™ (from E3).

Because in equilibrium I(w) =1, we have dI = 0. Equation (23) then implies

ng-dlnwg = ng-dlnf‘g- Fhery .7Tg+0(€271/d).
9 g

g
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Derivation of equation (6): Lemma S1 implies that

Oln puy(w)

-stack(dlnw) + O(e21/).
Olnw

dInpig =In 2 (w) = In gy (w) +
We can rewrite the direct effect of automation on rents, In p” (w) — In py(w), as

pg (w) = prg(w)

Inpi (w) - In py(w) = () +0(€)
g
to Sy @) ~ oy oy @)
o dbg(w) - [, dby(2) g +0(e?)
Fg
(i, dInTd 2
) e

= - (,u% - 1) -dInT? +O(e?).
Fg

The first line approximates the change in logs. The second line uses the definition of uﬁ’ (w)

and the fact that pz(w) = g1y The third line divides by g, cancels terms, and uses the

d
definition of dInT'?. The last line uses the fact that lilclﬁ—flig =dInTd+ O(e?).

These derivations show that the equilibrium change in rents satisfies

Oln pg(w)

-stack(dlnw) + O(e*1/?).
Olnw

din i = - (“‘Q’g - 1) LdInT? +

Hg

Plugging the expression for the change in base wages in (4), this can be expressed as

A
Hg

dnpg = —( - 1)-dlnfg+/\/{g.3ta(}k(% dlny - %,dlnpg) Jr(r)(ez—l/d,).

Derivation of equation (7): We first prove the dual of the Solow residual. Because all

income accrues to capital or labor, we have y = ¥ w, - £, + k. Differentiating yields

diny = s, -dInk + ng-dlnwg =dlny—s-dlnk = ng-dlnwg.
g g

=dIntfp

The dual of Solow implies dIntfp =3, s, -dlnw, + ¥, s,-dInp,. Plugging the formula for
Y.y 8¢ - dInwy in equation (5) yields equation (7) in the proposition.

Turning to consumption, we have ¢ = y — k. Differentiating, dlnc = (1/c) - (dy — dk) =
(1/s%) - (dlny - (k/y)dInk) = (1/s*) -dIntfp. The last step uses the fact that s; =c/y. ®
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Proof of Proposition 4. Let W = (q, ¢, {t,},) be the vector of technological attributes
of tasks. For any set § ¢ T, define the CDF of ¥ in S by

/S x:q). < < 2< dx
O 3y et
S

and denote its pdf by h(¥|S).

From condition (i), it suffices to show Fy(uleZ,) > Fy(u|l<7F). For all > 1, we have
/| /N Fy(u W, T - h(W]T) - du- A fﬂ £, (u ) - du
L e,y n(we - du-av [ f () - du

Fy(pler)) =

where the last equality follows from condition (ii). Turning to Fy(u|<,), we have

” F (U, /T (U T - du - dT
[v/max{u,g(w}fg( V) (Vi)

Fyller) - - F (W 7Y h(U| /T - du-db
fmfmax{l’gm}fg(m ALY BT - du-

Here, o(V¥) = ng - Ly gives a threshold value for yg, above which tasks with technological

q Yk
attributes U will be automated. Using condition (ii) we can write this as

f f b £, (u 7Y - h(W| T - du - AV
Fg(m%)_ U Jmax{p,0(V)}}

. B (a7 h(O| T - du-dT
o Sy, Fol ) (W)
We now show that, for all o and p > 1, we have

[ Rl de [ o) du

ax{u,0}}

(24) o))~ ydn T
A R A AT AR

= Fg(ﬂ|%T)a

with strict inequality if o, > 1. When p < 1 both sides in (24) are equal to 1. When
o€ (1,u], (24) becomes

[ R -du [T f ) du
MDO? > uoo?
| Rl -du [ Rl -

<:>floofg(u|%T)-du>fgoofg(u|%T)-du,
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which holds as a strict inequality for ¢ > 1. Finally, when ¢ > p, (24) becomes

[T ey A .
1>~ g fg( |427T)'d > fg( |427T)'da
[ fg(u|%T)du [ u|\z, U //; uj, U

which holds as a strict inequality for p > 1. To conclude the proof of the proposition, re-
write (24) as [0 0 fo(ul ) - du > Fy(ula]) - [ }fg(u|ﬂng) -du. Letting o = o(¥)

ax{1,0
and integrating over szng, we get

- 7 (ultT) - h(U| AT - du - AT
s PR (CEARICIERD

U, [ P ML) 00

The inequality is strict because not all tasks in o/ are automated, which means that
o(¥) > 1 for a positive mass of tasks in @7 for which (24) holds with strict inequality.
This inequality can be rearranged as Fy(pley) > Fy(ul«Z]). m

Proof of Proposition 5. The automation of tasks in .7, shifts the distribution of rents
for workers in group g from F,(u|7,) to F,(u|T,~ <,). Consider the old quantile functions
for wages (inclusive of rents) in 7,, denoted by Inwj and the new quantile function for
wages (inclusive of rents) in 7, \ o7, denoted by Inw} new. Because Fy(ul<,) > F,(u|T,), we
have F,(u|T,) > F,(u|T, ~ <,), and the distribution of wages (plus rents) for workers in 7,
dominates, in the first order stochastic sense, their new distribution of wages (plus rents)

in 7, \ 47, (holding w, constant, as in the proposition).

Below my, both quantile functions equal w,, since the share of workers earning no rents
in T, \ 47, is greater than or equal to the share of workers earning no rents in 7,. This

shows that dInwj = Inw} new — Inwh = 0 for p € [0,m,].

First-order stochastic dominance also implies that the quantile function for wages in
Ty \ 2, is strictly below the quantile function for wages in 7, for all ;1 > 1. This shows that

dInwy = Inwj new — Inw} <0 for all p e (my,,1).

To conclude, suppose that for all g > 1, there is a positive measure ¢ of tasks with
rent iy = p¢ in T, that cannot be automated. For p =1, In wh = dInw} pew = In wy + In fig,
where fi, is the maximum rent earned by group g workers. This is because, by assumption,
not all jobs paying a rent fi, can be automated. This implies Inw} = 0 for p = 1. For
p=1-¢ we have a mass € of workers earning a wage above Inw} ™ initially. Of these,

a fraction ¢ workers is still earning a wage above Inwj after the automation of tasks in
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. This implies Inw}™ < Inw}7&d < Inwl=¢9. Taking limits as ¢ - 0 and we obtain

lim,; Inwy = lim,; In W} new, as wanted. m
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Supplementary Materials for “Automation and Rent
Dissipation”

Daron Acemoglu and Pascual Restrepo

S1 PROOFS AND DETAILS FOR THE MULTI-SECTOR MODEL.

S1.1 Description of multi-sector model and preliminaries

Description: There are multiple sectors indexed by i € I (where I denotes the set of

sectors). Sectoral production functions are given by

1 A-1
i =\ 77 M;-y.) > -d

The sets of tasks across sectors {7} are sector-specific, which is without loss of generality

)A/(A—l)

since tasks can be relabeled.

Sectoral outputs are combined into a final good that can be used for consumption or
to build productive capital. The transformation of sectoral output into the final good y is

described by a CES production function with an elasticity of substitution n > 0:

n-1 )77/(7]1)

y=(2a{1"y/"dl’

We denote sectoral prices by {p; }ia and normalize the price of the final good to 1.

The total quantity produced of task z is
Yz = ¢kx : kx + Z¢ga: 'ng'
g

Here, /4, is the amount of labor of type g allocated to task x, while k, is the amount of

task-specific capital used for this task.

A fixed supply /¢, of workers of type g is allocated across tasks and industries, so that
Z[Tegx-dxgeg.

We treat task-specific capital, {k, }.c7, as intermediate goods. They are produced within

the same period using the final good at a constant unit cost 1/q,. If ¢, =0, task = cannot

S1



be performed by capital. This implies that total consumption equals net output:
c=y=3 [ (kofar)-do.

As in the single-sector model, we assume there are task specific rents fig,.

A market equilibrium is given by a vector of base wages {w, }, output y, sectoral prices p;,
an allocation of tasks {7y }:4, {Tki }:, task prices p,, hiring plans ¢ ,, and capital production

plans k, such that:

E17 Tasks prices equal the minimum unit cost of producing the task

P = Min L w A
’ qgc'q/}k:x7 g wgz p

E2’ Tasks are allocated in a cost-minimizing way. The set of tasks

Eiz{xeﬁ:px=w9~zﬁ}
fetia

will be produced by workers of type g, and the set of tasks

1
Zk:{xEpr:qzdsz}

will be produced by capital.

E3" Task-level demands for labor and capital are given by

1
low =Y Sy, pt U ~¢;\;1 (pga - wg)_’\ for x € Ty,

1
k’xzy-syi-p;\‘l-— 2;1.%\ for x € Ty;.

M;
Here s,, = oi; - pz_" is the share of industry 7 in output.

E4” Sectoral prices are given by

1 1y 1/(1-X)
e (i )
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E5” The ideal-price index condition holds
1/(1-n)
1= (Zai-p;_") )

Preliminaries: We first derive the equilibrium conditions E3” and E4’. The production
of the final good is perfectly competitive, and so tasks are priced at their marginal product.
_1 1
This implies p, = p; - M, * - (y;/y.)* , which can be rearranged as
A1 X

1
(S1) Yo= 37 Y Su DT D

For tasks in 7,, equation (S1) implies

-2
1 B oz

ggx.wngﬂ.y.syi.pik 1(%.1/)9 ) ’
gz

which can be rearranged into the labor demand equation in E3’.

For tasks in T, equation (S1) implies

1 N A
kx'wkx:M'y'Syi'pi m )

which can be rearranged into the capital demand equation in E3’.
Finally, multiplying equation (S1) by p, and integrating over 7; yields

1 i .
Syi-y=frpm-ym~dx=M‘Syi-ym?l'priA-drr.

Canceling s,, -y on both sides of this equation yields the sectoral-price index condition E4’.

Equilibrium representation: Before deriving the effects of new automation technology,
we extend the representation result in Proposition 1 to the multi-sector economy. As in

the single-sector economy, define

1
Lyi(w) =37 ) ;\;1 -/,L;;\ -dx for each ge G and 7 €I
1
i (w) =3 ) , )(wkz -qz)M1 - dw for each i el
7 kilW
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The integrals are computed over the set of tasks in industry ¢ allocated to different groups

and capital when base wages are w, denoted by 7T,;(w) and Ti;(w). In addition, define

1
ng(w)

pgi(w) = f » e Hpg - dx for each g € G and i €L
Tgi(w

PROPOSITION S1 The equilibrium base wages {w,}, industry prices {p;}, and output y

solve the system of equations

>
>l

(S2) Wy = %) '[Z@i'p?_n'rgi(w)]
1/(1-3)
(S3) pi = | Tri(w) + Y. Tgi(w) - pg(w) -w;‘A) ,
1/(1-n)
(S4) 1= Z@ipg_n) :

Proof of Proposition S1. Aggregating the labor demand equation in E3’ over tasks in

Ty for all industries, we obtain

[Zal p; 1Ty w)] A.

This can be rewritten as (S2).

Equation E4’ implies that sectoral prices satisfy

1

1—

p= (57 Lo df”) (sz W)+ D L) i) 0 )

Finally, equation E5’ is the same as (S4). m

S1.2 Effects of new automation technologies

Before proving Proposition 6, we generalize the definition of a small and interior automation

shock to the multisector economy.

DEFINITION 2 An automation shock is small and of order € if:

1. The d—dimensional sets szgf are measurable and have volume O(e).
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2. The d —1—dimensional hyper-surfaces

. 1
Bi(w :xedf:wg gz _ }
9( g) { g ng qgcwk:r:

are smooth, measurable, and have surface area O(e=Y4) for all g.

3. The rate of change in By;(w,) is bounded from above by D. That is:

.1 : =
Dgi(z) = }g% Ea:’eBgl(lzitﬁh) |z — || < D for all x € Byi(w,).

We also say that an automation shock is interior if %:f is in the interior of Tg;.

Proof of Proposition 6. Define aggregate task shares at wages w and prices p as
Ly(w,p) = 8y, 0t Tyi(w) for all g,

Fk(w;p) = Z Sy, 'pi)\_l 'Fki(w)'

Note that s,, = ;- pg “7 is a function of sectoral prices.

Consider a small and interior automation shock in 7] of order e. For functions over
the task space, F'(w,p), denote by F*(w,p) the new function obtained after ¢, increases

from zero to ¢, in .27l

Derivation of equation (13): effects on base wages dlnw,. Lemma S1 shows that we

can do a “Taylor expansion” of equation (S2) (in logs) to express the change in equilibrium

wages as
(S5) dlnwg:X'dlny+X~(1an (w) -InTy(w))
OlnTl
+ % : # -stack(dInw)
1 0InTy(w,p) _
Z 9V stack(d] 2-1/d
3 Tlnp stack(dInp) + O(e* %)

This expansion decomposes the effects of wages into the productivity effect, the direct effect
of automation on task shares, the reallocation of tasks in response to wages, and the effect

of changes in sectoral prices on task shares.
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We now approximate InT'y (w,p) - InT'y(w,p). Letting dly(x) = ¥p;! - pgp - d, we have

F_Z;Qi(u%p) _Fg(w7p)
Fg(w7p)
Zisi'p?_l' dl (CL’)
S ’ — f%l 0 O(e?)
2i Sy " P; [7;, dly(x)
Sy "Dy f7; dly(x) f%i dly(x)

T LSy, Py 'ngi, dly () | -/:7:;1‘ dly(x)

=-— Z% -dInTY; + O(€?).
i tg

Ty (w,p) -InTy(w,p) = +0(e%)

+0(e)

The first-line follows from an approximation of log changes. The second line uses the
definition of task shares and of I' (w, p). The last line is the definition of dInT%.

Turning to the effects of sectoral prices on task shares, amar+n(w,m -stack(dInp), we have
p

OlnT,(w,p) Sy PN Ty ly;
—— =2 .dlnp-= i Z_.(A=-n)-dlnp; =) Z-(A-n)-dlnp;.
alnp np ZZ: Zil Syi, _pg\,_l . ng' ( 77) np Zz: gg ( T]) np
Plugging our approximation for InT'y (w,p) —InT'y(w,p) and our formula for %§+n(;"’p)-

stack(dInp) into equation (S5), we obtain

Cyi
(S6) dlnwg:l'dlny—l~dlan+l~Zi-()\—n)-dlnpi
) ) 7,
1 0InTy(w) 2-1/d
+X'W~Stack(dlnw)+(9(e )

Lemma 1 implies that this system has the unique solution (to a first-order approximation)

1 i
dinTf++- 0= (A=m) -dlnpz-) +O(21).

7 J

1

1
(S7)  dlnw, = @g-stack(x-dlny— 3

Derivation of equation (14): effects on sectoral prices dlnp;. Equation (S3) can be

written as p} = = I;(w), where

Li(w) = Tri(w) + Y Lyi(w) - pgs(w) - wy ™.
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Lemma S1 shows that we can expand [;(w) as

Oln I;(w)

(S8) dl; =I7 (w) - Ij(w) + I;(w) - T

~dlnw + O(¥7Y9).

Note that M dInw captures the effect of a change in wages on the cost of producing
the final good at the initial equilibrium allocation. Because tasks are allocated in a cost-

minimizing way (given wedges), the envelope theorem implies

Oln I;(w) d

= —_ . .. 2
T Inw=(1-X\) zg:sgz dlnw, + O(€?)

The term I (w) — I(w) captures the cost saving gains from automating tasks in 7,

holding wages constant. We have
I (w) = Li(w) =T (w) = T (w) + ZF (w) - i (w) - wy' ™ = STy (w) - prgs(w) - wy >
= Z [_ ) f (Q:,v ’ 7,/)]“3))\_1 ~dx - Mil : Lg}d{qm//‘gm)Aﬂ ‘wgl_kdx-‘l
2 R (RS UL R

S [ Gl [(q; ks 0y Myryaer 1] dr

Vga
e, T f%l ,lvbgac/,ugx))\ 1 [(qgc wkzqizg Moz YA-1 _ ]
:Ii(w)-ngi-dlan . -
9 Hgi M; fmgi(¢gx/ﬂgx) ~dx

=Ij(w) - (A=1)-> 54 -dInT? - Hely S Tgi
I
g

g’L

In the last step, we used the fact that £y, - f1g, oc (Vgu/ptg.)* " (from equilibrium condition
E3’), which gives the expression for 7, in the main text. We also used the fact that
5gi - li(w) = gi -w}™ (also from E3’).

Plugging our formulas for %ﬁg") ~dlnw and I/ (w) — I(w) in (S8), we obtain

/’L fygz

gt

AL == 1) B sl 22 (120) B ol + O 1),
9 g

Using the fact that (1 -\)-dInl; = dlnp;, we can rewrite this as

gt

(89) dlnpz = Z‘Sgi'dlnwy— ngi.dlnrgi' ’LLQ/% '7ng‘ +0(62_1/d)'
Ui
9 g
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Derivation of equation (15): effect on base wage levels. This can be obtained from
the ideal-price index condition in equation (S4). The envelope theorem applied to the

production of the final good implies
0=> sy -dlnp;.

Substituting the expression for dlnp; in (S9) and rearranging yields

Z 54 dInwy = Zsyi . Z Sgi - dlani e ST+ (9(52—1/d).
g i g Hgi

gt

Derivation of equation (16): effects on group rents dlnp,. Lemma S1 implies that we

can approximate the equilibrium change in group rents as

91n 1, (w, )

dlnp, = lnu:f(w,p) —Inpy(w,p) + S -stack(dInw)
01
, SH T P) ty (10,) -stack(dlnp) + O(e2719).
Olnp

We can rewrite the direct effect of automation on rents, In i (w, p) - In pig(w, p), as

In 12/ (w, p) = In g (w, p)
_ /fgﬂ(uﬂp) _Mg(w7p) + (9(62)
f1g(w,p)

YiSy 0 'ngi fgz - Aly(T) = X sy, - 'fg/gi fige - Aly(z)

_ Zisyi'pz/‘\_l'fni dfg(x)—zisyi-p;\‘l-f%i dly(x) s 2
= " +0(€%)
TPEDYENEY qul Aly(T) = oy, - i Sy, - D3 './;zfgi dly(z)
~ 2i Sy: 'pzf\il'fni dlg(z) = X sy, 'pz?\il'f%i dly(z) o +O(&)
g
) Yisy 0t [y, dlg(x) - % XSy 0 [, dlg(@) L0

YiSy 0! 'ngi dly(x) = i sy, -} 'Lz{gi dly()

,u% dlan 9
Y | P S,
(Mg ) —amri *9)

. (“—” - 1) AdInT? + O(e)
Hg

The first line approximates the change in logs. The second line uses the definition of

1 (w,p) and the fact that pgy(w,p) = pg. The third line uses the definition of average
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group rents and average group rents at automated jobs, p.,. The fourth line divides by u,
and cancels terms. The fifth line uses the definition of dInT'?. The last equality uses the

dinld d 9
fact that m =dInT?+O(€?).

We now turn to the effects of sectoral prices on group rents, which can be written as

Yi Sy DY i '[7;”. dly(z)
XSy ! f7; dly()

:ug(w’p) =

The effect of sectoral prices on rents is then given by

Oln piy(w, p) dlnp = Z Sy, DAL g -ffrgi dly(x)
dlnp < Y Sy Dy Mg 'f7;i, dly(x)

B EZ: Y Sy Dy ‘ngi, dly(x)

“(A=n)-dnp;

“(A=n)-dnp;,
which can be rewritten in terms of average group wages and employment as

alnlu’g(wap) Hgi ggi
— 7 7.l = - 1) -=. - -dlnmn;.
Sl p = 3 (B2 -1)- 2 (=) -

These derivations show that

g g
+ Oln pg(w)
Olnw

i Cyi
dlnug:—(/jj{g—1)-dlnfg+2('[;—g— )-Ei-()\—n)-dlnpi
) 9
-stack(dlnw) + O(e2719).

Using the expression for the change in base wages in (13), we obtain

i Lyi
(S10) dlnugz—(‘fg )-dlan+Z(Z—g—1).i.(,\—n).dlnpi

9 9 ty
1 1 d gji 2-1/d
+ M, - stack X~d1ny—x~dlnfj+Z€—'(x\—7))-dlnp,- +0O0(e7 ).
i Y

Derivation of equation (17): effects on TFP, consumption, and mean wages. As in
the single-sector economy, the dual version of Solow implies dIntfp = ¥, s, dInw, =
Yy 8¢ dInw, +3 s4-dlnp,. Plugging the formula for ¥, s, - dInw, in equation (15) yields

equation (17) in the proposition.

Turning to consumption, we have ¢ = y — k. Differentiating, we get dlnc = (1/c) - (dy -
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dk) = (1/s")-(dIny - (k/y)dInk) = (1/s")-dIntfp. Note that s, = ¢/y since there is no net

capital income in our model, as capital is produced linearly from the final good. m

S1.3 Approximation Lemma

A key technical step in the proofs of Proposition 3 and 6 involves the approximation of
the effects of automation in three parts: the effects of the automation shock holding prices
constant, the effect of prices governed by the Jacobians of task shares with respect to
prices, and a small approximation error. This is similar to a first-order Taylor expansion,
but instead of considering a change in real arguments, we approximate the effects of a direct
change in task allocations generated by automation. The following lemma shows that this

expansion provides a valid approximation for “small” automation shocks of order e.

We give a general version of the Lemma that accommodates the multisector economy.

Its application to the single-sector economy follows as a corollary.

LEMMA S1 (TAYLOR EXPANSIONS OF FUNCTIONS ON TASK SPACE) Consider a function
of the form

fw.2) = h({ Loy Vot t) -dx}

The sets Tyi(w) and Ti;(w) are defined by E1 and E2, N and Ny, are continuous functions
of task attributes to R™ that are bounded in their domains (T, (w) and Ti;(w) for allw > 0),
z 1s a vector of s additional arguments, and h is a continuously differentiable function from
(G+1)xIxR"+Rs to R.

? { fmw) Nilder Vi) 'dx}’ Z)’

g,t 7

Let 7;‘;7(10) and TZ (w) denote the new task allocation after a small and interior au-

tomation shock of order € at wage levels w. Define

fﬂ(w’ Z) = h({ /7;‘?{(11}) N(#g:ca¢gx) ’ dl’} '7 { ‘/727(11}) Nk(lemdjkx) ’ dx},z),

g,? ?

where ¢’ = q, outside /7.

Suppose that the automation shock changes z and w by dz and dw, both of which are
O(e). Then the total effect of this shock on f can be approrimated as
f of

0 cdw + == - dz + O(¥7 )
w

(S11) dfzf%(w,z)—f(w,z)+a— 5
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ProoOF. Let w and z be the initial equilibrium values of wages and z and w’ = w + dw
and 2’ = z + dz the final equilibrium values. The total change in f due to new automation

technologies can be written as

df zf”(w’,z')—f(w,z)
=f(w,z) = f(w,2) + f7(w',2") = [ (w,2)
Of7(w, z of 7 (w, z
=f“(w,z) - f(w,z) + %-dw+ %’) dz + O(€?),

where the last line does a first-order Taylor expansion of f<(w’,2") around (w, 2).

We now show that automation in small interior sets does not affect %. Specifically:
of(w,z) If(w,z)
S12 ) J 1-1/d
(512) ow ow +O(e )

Let ag; = fT;f(w) N(piga, hga) - do and aj; = f@i(w) N;(ttjz; Yja) - dr. We have that ay,

agi + O(¢€), since oy (w) is of measure O(e) and Ny is bounded in its domain.

Let a}; = fmf(w) Ni(q., Yre) - dx and ay; = fm(w) Ni(qo, Yry) - dz. We have al, =
me(w) Ni(qh, gz ) -dx+O(€), since &/T has measure O(e¢) and Ny, is bounded in its domain.

Moreover, because ¢}, = ¢, in Tp;(w), we have a, = ag; + O(€).

We can express the derivatives of f with respect to wages as

017 (w, z) Oh({agi}ginlap1i?) 0
) A N, .
ow ; (9agi ow Eﬁg(w) g(ﬂgwa¢gw) dx
Oh({a;i}w? {al,}i,2) O ’

Using the fact that the derivatives of h are continuous, we can approximate this as

of 7 (w, 2) _ oh({agi}gi {aniti,2) O
(813> ow B ; 8agl. ow 7_;;{(11)) Ng(,ug:ra 7vbgon) dx
oh({agi}tgi, {aki}i,z) O ,
2 Dayi '8_wfﬂ;‘?’<w> Nidz, o) - dw + O(e)
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For workers, we approximate the own-wage derivative of integrals over tasks as

0 9 5
N T T dr =—— N o - -dr - [ N . N d
awg -/7;?/(11]) (Mg ¢g) ’ awg Té”'(w) (/”LS] ¢g) * awg ,ngi(wg) (Mg ¢g ) *
0
) N gz, gz ) - d _[ Dyi(0) - N(phgo: Vg0 ) - d
awg /;—gi(w) (lug wg ) v Bgi(wg) g (0) ('ug wg ) o

0
= N -d 1y,
Gur .y Vo ) -+ O

The first-line decomposes the integral over 7 (w) into an integral over Tg;(w) minus an
integral over 7, (w,) (defined as the set of tasks in %{ automated at a wage w,). The
second line uses the general version of Leibniz integral rule. It replaces a derivative of a
volume integral over .o7,;(w,) by an area integral over the boundary tasks By (w,) (and
where do is the induced Lebesgue measure over the hyper-surface B,;(w,)). This surface

integral is O(e!'~1/4) because D and N are bounded and the surface By; has area O(e!~1/4).

For cross-wage derivatives, we use the fact that the automation shock is interior. This

implies that for all ¢’ # ¢

0

8wg:

0

awg/

N (ttge tge ) - o = [ N (ttgas ge) - dz
[Eﬁ"(w (g V) Ty o o)

This follows from the fact that changes in other group wages do not affect the task allocation

in the interior of 7, (w).
For capital, we approximate the wage derivative of integrals over tasks as

0 0

0
7 N’,x.d=—f No(d ) - d —f No(d ) - d
ow, ng(w) #(e Vka) - Owy JT5.i(w) G 0wy J i (wy) e(dr Vhe) - d

0

= N ’7 )" d [ D i .N /’ o) d
awg [7762(11)) k(Qw wk ) T + Bgi(wg) g (0') k(qa' ’([}g ) o

i[ NGy pa) - d + O 717,
Tri(w)

:3wg
The first-line decomposes the integral over 7, (w) into an integral over 7, (w) plus an
integral over <7;(w,) (defined as the set of tasks in </ automated at a wage w,). The
second line uses the general version of Leibniz integral rule. It replaces a derivative of a
volume integral over .27,;(w,) by an area integral over the boundary tasks By (w,) (and
where do is the induced Lebesgue measure over the hyper-surface B,;(w,)). This surface
integral is O(e'~1/4) because D and Nj are bounded and the surface By(w,) has area

O(e'-1/4), This last line also replaces ¢/, for ¢, in the first integral since these interior
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changes in capital productivity do not affect substitution patterns across initial boundaries.

Plugging the approximations for these wage derivatives in (S13) yields (S12).

To conclude, we show that 8fda(zw’z) = 6fg*z”Z) +O(e). We have

of 7 (w,z) ah({algi}g,i7{a;ﬁ}i7z) ~Oh({agitgi, {ani}i, 2)

8f(w z)
0z - 0z - 0z +0() = +0(e).

Here we used the fact that the derivatives of h are continuous, and aj; = ag + O(e) for

workers and aj, = ag; + O(€) for capital. =

Remark: when applying Lemma S1 in our proofs, we use the fact that task produc-
tivities and rents are bounded from above, which ensures that the functions N and N are

also bounded in the relevant domains of integration.

S1.4 Measuring task displacement

This subsection derives the measure of direct task displacement in equation (12) for a

multi-sector economy under Assumption 3

Let Ry denote the set of routine tasks in industry 7 assigned to group g. Define

Froutlne _ / w )\ A dx,

as the task share of group ¢ in routine jobs at industry .

Assumption 3 implies that all routine jobs in industry ¢ are automated at the same
rate, so that dln F;‘Z“ﬁne’d = xfeutine where dln F;?“tme’d is the share of group g employment
in routine jobs in &7, as a fraction of all routine jobs employing g workers in industry 7. In

addition, the fact that non-routine jobs are not automated implies
(814) dln Fd _ (groutlne/egl) Xroutlne

where ﬁgguﬁm /¢4i is the share of employment of group g¢ in industry ¢ earned in routine jobs

(out of all employment of group ¢ in industry 7).

Let’s now turn to the labor share in industry ¢. This is given by

L it
Zgrgl ,ng wg

(S15) S6i = -
pi
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The direct effect of automation on the labor share s, holding wages constant is

dlnsd = - 20 g e, B2 (123 - dlnp,.
L

g St 9

Using the formula for dlnp; in (S9), we obtain

dinsd, =— 3 20 g e B0 4 (12 0) S sy din T B

g Sti Kgi g Kgi
Sqi Moz
:—Z#-dlani- Mg' (L=sp-(1=X)-7g).
) gi

Define the average cost-saving gains and average rent dissipation in industry 7 as

;Uuzf

Yy s dInTd - S, %, sgi-dInT?, -
. - s 1+ pPi =
S Sgi-dIn T, - 220 Y, g dln rgi

gt

T =

Using these definitions, we can write the change in labor shares as

dlnst = —(1+p) - (1=sp-(1=A)-m) - 3 22 . dInT?,.
g Sei

Using equation (S14), we can rewrite the change in the labor share as

(S16) dlnsf = =(1+p;) - (1=sg- (L= X)-m;) - ZSL‘” (€Egutine /g ;) - xrontine,

Using this equation, we can solve for the common rate of automation y°utine as

Xroutme — 1 . 1 . _d ln S(Zii
1 Sgi (eroutme/ggi) 1+pz 1—851'-(1—)\)-7'(7;'

gS(

A second use of equation (S14) then implies

1 —dIn SZ

dIn?, = RCAT7“"ne. -
B gi g L+p; 1=su-(1=-N)-m’

where the revealed comparative advantage measure is constructed as

Eroutine/ggi
Zg ™ . (groutlne/ég z)

(S17) RCA™me =
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S2  MICROFOUNDATIONS FOR WEDGES.

S2.1 Efficiency wage considerations

We consider a static version of an efficiency wage model (i.e. Shapiro and Stiglitz, 1984;
Bulow and Summers, 1986).

On the one hand, there is a positive mass of tasks where workers earn a wage w, and
do not have to be monitored or receive extra incentives to work. Workers can always take

these jobs freely.

On the other hand, there is a positive mass of tasks where workers need to be monitored
and are paid an efficiency wage wy,. In these tasks, workers have two options. They can
stick to their duties, produce, and obtain a wage wgy,. Or they can shirk. In this case
they put no effort on their main job and collect some income e -w, by moonlighting in the
no-rent sector. If not found, they obtain an income wy, + e -w,. However, workers who

shirk are detected with probability P,

o, fired, and forced to take a job that pays no rents.

The no shirking condition is then
Wy 2 (1= Pyy) - (wyy + €-wy) + Py - wy.

This can be rearranged as

P,

agr

( 1- P, )
Wez =€ +1)-w,.

This model thus provides a micro-foundation for wedges pg, = € - # + 1 derived from
efficiency wage considerations. Our treatment assumes there are no other contracts that

can solve the monitoring problem.

S2.2 Bargaining models

Consider a one-shot model where firms must make an investment to create a position before

matching with a worker, as in Grout (1984).

A firm producing task z can create {4, positions for workers of type g. Creating each
position takes up x € (0,1) units of labor, which implies that the total amount of labor
available for production is /g4, - (1 — k). The firm must pay this cost in advance, which

implies that once workers are matched to their positions, there is a surplus to bargain over.
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The firm obtains a surplus of p, - ¥y, — wg, if the negotiation succeeds and 0 otherwise.
The worker obtains a surplus of w,, if the negotiation succeeds and w, otherwise. As before,
we assume that there is a positive mass of jobs that pay no rents at which workers can
always access. The wage wg, is determined by Nash bargaining, with workers’ bargaining

power given by Sy, € (0,1 - k).

LEMMA S2 (REPRESENTATION RESULT) The equilibrium of the bargaining economy coin-

cides with that of our baseline model by taking ng =Ygs- (1 - k) and pigy = %ﬁ:z) >1.

PROOF. Free entry for firms implies

(1 _Bgz’) ' (px '¢g:c _wg) SK: Pz '@ng:v-

This can be written as

Hgz
Vgr - (1 - k) ’

pxgwg'

which coincides with E1 and E2 for Jgfc = 14 - (1 = k). Thus, the bargaining model gives
the same rule for allocating tasks across workers and capital than our baseline model with

exogenous wedges.

Moreover market clearing for task x € 7, requires

Y (1= ) Ly = (W (L= R (g )

which coincides with E3 for ng =g, - (1 — k). Thus, the bargaining model gives the same

allocation of labor by tasks as our baseline model with exogenous wedges.

Turning to wages paid to workers, we have

Wy = 6936 * Dz '¢gz’ + (1 _Bgl‘) "Wy = Kgz - Wy

This implies the bargaining model gives the same wage payments by task as our baseline

model with exogenous wedges. m
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S3 EMPIRICAL DETAILS.

S3.1 Data sources and details

Our main data sources are the same used in Acemoglu and Restrepo (2022), and we refer
readers to this paper for details. This paper brings in new proxies for rents, described in
detail below.

Wage differentials: our first proxy for job-specific rents is the inter-industry and oc-
cupation wage differentials. As explained in the text, we compute this using 1980 Census
data as wy;,/w,. In this expression, Wy, is the average wage earned by group ¢ in industry
1 and occupation o in 1980. This is computed for the 49 industries in our analysis and 300

detailed Census occupations.

Wage losses from job displacement: our second proxy for job-specific rents is the
industry-specific wage loss from job displacement, computed separately for workers by
gender and education. As explained in the text, we compute this using the CPS Displaced
Worker Supplement as the average change in (log) wages before and after a displacement
event. We restrict the sample of displaced workers to those with at least a year of tenure
before the displacement episode who have since then found a new job. The resulting sample
contains 37,355 displaced workers, observed between 1984 and 2022. We winsorize previous
job and current job wages from below at 100 dollars per week and we also winsorize the

change in log wages at the 5th and 95th percentiles to avoid outliers.

We compute the average wage loss for these workers for the 49 industries in our analysis
and in sic broad occupations. We allow these to vary by worker education (grouping only
college vs non-college groups) and gender. We do not compute this measure by detailed

worker demographic characteristics because the resulting cells would be too small.

Quit rates: our last proxy for job-specific rents is the (inverse of the) monthly quit rate

from jobs in an industry and occupation. This is computed from the panel component of
the Basic Monthly CPS.

We consider two forms of quits. First, we compute the EE rate, following the cleaning
procedure in Fujita et al. (2024). EE transitions are identified using a new question added
to the CPS in 1994, and so this measure is only available for 1994-2023. As pointed out
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in Fujita et al. (2024), there is a growing share of workers reporting “not knowing” if they

still work for the same employer, which we treat as missing observations.

Second, we compute voluntary EU transitions per month. For this, we consider a
separation into unemployment as voluntary if workers report that the reason for being
unemployed is that they are “job leavers”. This measure is available for the 1976-2023
period. For our analysis, we average EE and voluntary EU rates over these years and by
industry, occupation, and group (only in terms of gender and for college vs non-college
workers). We use the 49 industries in our analysis and 300 detailed Census occupations,
which we match to the CPS.

S3.2 Main estimates reported in paper

Table S1 provides a summary of the reduced-form evidence in the paper. The panels
report estimates of the reduced form equation (11) for different outcome variables. The
specification in column 1 reports a bivariate regression. The specification in column 2 adds
sectoral demand shifts, gender and education dummies as covariates. The specification in
column 3 adds sectoral rent shifts as a covariate. The specification in column 4 adds the

share of employment in manufacturing from the 1980 Census as a covariate.
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TABLE S1: SUMMARY OF REDUCED-FORM EVIDENCE, 1980-2016.
) 2) 3) (4)
PANEL A. DEPENDENT VARIABLE: percent change in group average wage, Aln,
Direct task displacement -2.36 -2.06 -2.06 -1.90
ect task displaceme (0.13) (0.25) (0.27) (0.29)
R? for task displacement 0.67 0.58 0.58 0.54
Observations 500 500 500 500

Direct task displacement

R? for task displacement
Observations

Direct task displacement

R? for task displacement
Observations

Direct task displacement

R? for task displacement
Observations

Direct task displacement

R? for task displacement
Observations

Direct task displacement

R2? for task displacement
Observations

Direct task displacement

R? for task displacement
Observations

Covariates:

Education and gender
Sectoral demand shifters
Sectoral rent shifters
Manufacturing share

PANEL B. DEPENDENT VARIABLE: wage change above 30th percentile,
Alniwg - Alnw3oth

-0.35 -0.53 -0.50 -0.37
(0.06) (0.13) (0.11) (0.11)
0.23 0.34 0.32 0.24
500 500 500 500

PANEL C. DEPENDENT VARIABLE: wage changes at 30th percentile, Aln w30t

2,01 -1.53 -1.55 -1.53
(0.14) (0.29) (0.30) (0.33)
0.57 0.43 0.44 0.44
500 500 500 500

PANEL D. DEPENDENT VARIABLE: change in group rents due to reallocation
wage differentials from Census

-0.46 -0.36 -0.35 -0.39
(0.06) (0.10) (0.11) (0.11)
0.39 0.31 0.30 0.33
496 496 496 496

PANEL E. DEPENDENT VARIABLE: change in group rents due to reallocation—
wage loss due to displacement from CPS

-0.17 -0.19 -0.18 -0.20
(0.02) (0.03) (0.03) (0.04)
047 0.53 0.51 0.56
500 500 500 500

PANEL F. DEPENDENT VARIABLE: change in group rents due to reallocation—
(minus) EE rates from CPS

-1.276 -1.273 -1.332 -1.506
(0.085) (0.278) (0.255) (0.253)
0.58 0.57 0.60 0.68
500 500 500 500

PANEL G. DEPENDENT VARIABLE: change in group rents due to reallocation—
(minus) voluntary EU rates from CPS

-0.223 -0.292 -0.286 -0.300
(0.023) (0.043) (0.045) (0.050)
0.43 0.56 0.55 0.58
500 500 500 500

v v v
v v v
v v
v

Notes: This table presents estimates of the reduced-form relationship between the direct task displacement
due to new automation technology from 1980 to 2016 and various group-level outcomes. The sample
includes 500 demographic groups, defined by gender, education, age, race, and native/immigrant status.
The dependent variable is indicated in the panel headers. All regressions are weighted by total hours
worked by each group in 1980. Standard errors robust to heteroscedasticity are reported in parentheses.
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S3.3 Robustness checks

Acemoglu and Restrepo (2022) report several robustness checks for the reduced-form rela-
tionship between group average wages and the task displacement due to automation. Here,
we provide robustness checks for the relationship between automation and within-group

wage dispersion and rents, which is the novel empirical aspect in this paper.

Automation and within-group wage changes: We first asses the robustness of the
U-shape pattern in Figure 5. Figure S1 reports estimates by percentile in levels and not

relative to the 30th percentile as in the main text.

Effects of task displacement on within-group
wage changes, 1980-2016

-5
2
5 11
e
@
(=
R
[&]
8 -151
=
£
E
ﬁ _2 .
@
=
@
(=) .
£ 95 sectoral shifters
] +sectoral rents
+gender and education
3] +manufacturing

10th 20th 30th 40th 50th 60th 70th 80th 90th 99th
Wage percentiles within exposed groups

FIGURE S1: REDUCED-FORM RELATIONSHIP BETWEEN WAGE CHANGES ACROSS PER-
CENTILES OF THE WITHIN-GROUP WAGE DISTRIBUTION AND TASK DISPLACEMENT. the
left panel plots estimates from a group quantile regression of changes in d1lnwj against task
displacement for percentiles p ranging from the 5th to the 99th. The lines provide estimates
for different specifications. The right panel excludes worker groups with an average hourly
wage below $13 dollars in 1980. This panel reports estimates relative to the 30th percentile.

Figure S2 shows the U-shape pattern is robust to including additional controls or re-
stricting the sample to high-wage groups. The left panel reports estimates constraining the
estimation sample to groups with an average real wage in 1980 above $13 dollars. For these

groups, wage changes become flat below the 30th percentile. We continue to see a clear

S20



U-shape pattern of withing-group wage changes, with a more pronounced decline between
the 30th and 95th percentiles. The right panel shows that this pattern is also robust to
controlling for the incidence of the minimum wage and declining unionization rates across
industries. For the minimum wage, we control for the share of workers in each group earning
an hourly wage below 3.1 dollars in 1980 (the Federal minimum wage). For unionization,
we control for groups’ exposure to industries with declining unionization rates. These are

computed from the CPS as in Acemoglu and Restrepo (2022).

Effects of task displacement on within-group Effects of task displacement on within-group
wage changes, 1980-2016 wage changes, 1980-2016
151 151 8 =ectoral shifters
+sectoral rents
11 1 +gender and education
+manufaciuring
B +unions

+minimum wage

-8 sectoral shifters

Goefficient estimate relative to 30th percentile
Goefficient estimate relative to 30th percentile

454 +zectoral rents
+gender and education
24 +manufaciuring 24
10th 20th 30th 40th 50th 60th 70th 80th 90th 95th 10th 20th 30th 40th 50th 60th 70th 80th 90th 95th
Wage percentiles within exposed groups Wage percentiles within exposed groups

FIGURE S2: REDUCED-FORM RELATIONSHIP BETWEEN WAGE CHANGES ACROSS PER-
CENTILES OF THE WITHIN-GROUP WAGE DISTRIBUTION AND TASK DISPLACEMENT. The
figure plots estimates from a group-level quantile regression of changes in dIlnw} against
task displacement for percentiles p ranging from the 5th to the 99th relative to the 30th
percentile. Different colors represent estimates from different specifications.

Measuring rent dissipation from within-group wage changes: Table S2 provides
estimates of the decline in wages within exposed groups above their 20th and 40th per-
centiles. The table also reports these estimates for groups with an average wage above $13
in 1980, no college degree, or a college degree, respectively. These estimates point to a rent

dissipation of 19-40% in jobs automated during 1980-2016 by new automation technology.
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TABLE S2: ROBUSTNESS CHECKS: INFERRING RENT DISSIPATION FROM WITHIN-GROUP
WAGE CHANGES.

(1) (2) (3) (4)
PANEL A. DEPENDENT VARIABLE: wage change above 20th percentile,
Alnwg - Alnw2oth

. . -0.42 -0.45 -0.42 -0.19
Direct task displacement (0.08) (0.20) (0.18) (0.16)
R? for task displacement 0.20 0.21 0.20 0.09
Observations 500 500 500 500

PANEL B. DEPENDENT VARIABLE: wage change above 40th percentile,
Alnwg - Alnwioth

. . -0.31 -0.56 -0.52 -0.41
Direct task displacement (0.07) (0.15) (0.13) (0.11)
R? for task displacement 0.21 0.38 0.35 0.28
Observations 500 500 500 500

PANEL C. DEPENDENT VARIABLE: wage change above 30th percentile,
Alnwg - Alnwi—only groups with average wage above $13 in 1980

. . -0.25 -0.30 -0.31 -0.27
Direct task displacement (0.07) (0.14) (0.12) (0.14)
R? for task displacement 0.16 0.19 0.20 0.18
Observations 364 364 364 364

PANEL D. DEPENDENT VARIABLE: wage change above 30th percentile,
Alnw, - Alnwi—includes only groups without a college degree

. . -0.19 -0.54 -0.47 -0.32
Direct task displacement (0.10) (0.15) (0.13) (0.13)
R? for task displacement 0.04 0.10 0.09 0.06
Observations 300 300 300 300

PANEL E. DEPENDENT VARIABLE: wage change above 30th percentile,
Alnw, - Alnwi®—includes only groups with a college degree

Direct task displacement (_((]) ;323) (_(?2385) (_é) :?37) {é) ?if)
R? for task displacement 0.12 0.07 0.07 0.07
Observations 200 200 200 200
Covariates:

Education and gender Ve v v
Sectoral demand shifters v v v
Sectoral rent shifters v e
Manufacturing share v

Notes: This table presents estimates of the reduced-form relationship between the direct task displacement
due to new automation technology from 1980 to 2016 and various group-level outcomes. The sample
includes 500 demographic groups, defined by gender, education, age, race, and native/immigrant status.
The dependent variable is indicated in the panel headers. All regressions are weighted by total hours
worked by each group in 1980. Standard errors robust to heteroscedasticity are reported in parentheses.
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Measuring rent dissipation using proxies for rents: Table S3 and S4 provide ro-
bustness checks for our measures of reallocation away from high rent jobs. For these tests,
we focus on a specification that includes all our baseline covariates and change the way we

measure rents across specifications.

Panel A provides robustness checks for our measure of rent reallocation based on inter-
industry and occupation wage differentials. Column 1 reports our baseline estimates. Col-
umn 2 uses a measure of wage differentials that partials out differences in wages across
states. This accounts for the possibility that jobs are located in areas with different costs
of living, which would generate wage variation in the form of compensating differentials.
Column 3 uses a broader occupational grouping with 6 occupations in total (instead of the
300 in our baseline). Column 4 also uses this broader occupational grouping and partials
out regional wage differences. Column 5 computes a common inter-industry and occupation
wage differential averaging across all groups. Column 6 uses this common differential and

also partials out regional wage differences.

Panel B provides robustness checks for our measure of rent reallocation based on wage
losses from displacement. Column 1 reports our baseline estimates. Column 2 uses a
common wage-loss measure averaging across all workers, and not only across workers of the
same gender and education of a group. Column 3 also uses a common wage-loss measure
averaging across all workers, but controls for the observable characteristics of displaced
workers when computing these losses. For these columns, we compute wage losses for the
49 industries in our analysis and six broad occupational groups. Columns 4-6 report similar

specifications but now compute wage losses at the industry level.

Panels C and D provide robustness checks for our measure of rent reallocation based
on (the inverse of) monthly quit rates. Column 1 reports our baseline estimates. Column
2 uses a common quit rate averaging across all workers, and not only across workers of the
same gender and education of a group. Here we only control for differences in EE rates
and voluntary EU rates over time, to account for trends in EE and EUV rates. Column
3 also uses a common wage loss measure averaging across all workers, but controls for
the observable characteristics of displaced workers across industries and occupations when
computing monthly transition rates. Columns 4-6 report similar specifications but now
compute wage losses by industry and broad occupational group. For these we use the 49

industries in our analysis and 6 occupational groups.
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S3.4 Estimates of the propagation and rent impact matrices

The estimation assumes the parameterization of the task-share and rent Jacobians in Sec-

tion 4.2. Setting ¢ = 0 — A, we can rewrite (19) and (20) as

cAlnw, +dlan =5 +B-Zg + > 04 (Alnwy — dlnwy) + ug

g'#g

Alnpy =B - p-dInTd+ . z0+ 0y (Alnwy —dlnw,) +eg.

9'+g

Here, Bo = Ao+ ¢ 2y Sy - Alnwy, B = \F and the spillover terms are given by

lyn,
Ogg = 27 *Sngr - 0
n Ly
1
+ Y -2 - Sng - Oion - job similarity,,
w Ay

l
gn . .
+ Z 7 Sng' * Oedu-age - €du-age similarity
n ‘g

Wyn, lyn
959’22( ’ _1)'%'3719"9

g

Wen, Com ) e
+3° ( 9 1) : EL + Sng * Biob - job similarity,,
n g

+ ; (@ - ) : % *Sng * Oedu-age - edu-age similarity,

Table S5 reports estimates of p, 0, Ogimj, and Ocquage Obtained from estimating this
system of equations via GMM. Columns 1-3 allow for ripple effects separately along each
of the dimensions considered. Column 4 reports our baseline estimates. Column 5 report
estimates imposing the restriction 6, Osimj, Gedu-age > 0. In all specifications, the covariates
for the wage equation are: education and gender dummies, sectoral demand shifts, and
the share of employment in manufacturing in 1980. The covariates for the rent equation
are: education and gender dummies, sectoral rent shifts, and the share of employment in

manufacturing in 1980.
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TABLE S5: GMM ESTIMATES OF THE PARAMETRIC TASK SHARE AND RENT JACOBIANS.

) (2) (3) (4) ()
Rent dissipation 0.409 0.422 0.394 0.355 0.405
(0.137) (0.140) (0.134) (0.119) (0.127)
Ripples, 6 1.536 -0.476
(0.647) (1.076)
Ripples, Oion 2.986 1.861 2.301
(1.390) (1.686) (1L.677)
Ripples, Ocqy-age 1.967 0.714 0.684
(0.867) (1.039) (0.815)
Joint significance spillovers 0.98 0.07
(p-value)
Observations 500 500 500 500 500
Covariates in wage equation (19):
Education and gender, sectoral
demand shifters, manufacturing v v v v v
Covariates in rent equation (20):
Education and gender, sectoral v v v v v

rent shifters, manufacturing

Notes: This table presents GMM estimates of equations (19) and (20). The estimation assumes the pa-
rameterization of the task-share and rent Jacobians in Section 4.2. Columns 1-3 allow for ripple effects
separately along each of the dimensions considered. Column 4 reports our baseline estimates. Column 5
report estimates imposing the restriction 0, Ogimj, fedu-age > 0. Standard errors robust against heteroscedas-
ticity are given in parenthesis. The table also reports a test for the joint significance of ripples.

S27



	Introduction
	Theory: Automation and Labor Market Distortions
	Single-Sector Model
	Equilibrium with Labor Market Rents
	Effects of Automation
	When Does Automation Target High-Rent Tasks?

	Reduced-Form Evidence
	Measuring Task Displacement
	Automation and Average Group Wages
	Evidence for Rent Dissipation

	Equilibrium Effects of Automation
	Multi-Sector Model
	Measurement and Estimation
	Equilibrium Effects of Automation
	Robustness


	Conclusion
	Proofs and details for the multi-sector model.
	Description of multi-sector model and preliminaries
	Effects of new automation technologies
	Approximation Lemma
	Measuring task displacement

	Microfoundations for wedges.
	Efficiency wage considerations
	Bargaining models

	Empirical Details.
	Data sources and details
	Main estimates reported in paper
	Robustness checks
	Estimates of the propagation and rent impact matrices


