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Supplemental Appendices: For Online Publication

APPENDIX A. DERIVATIONS OF HOUSEHOLD’S OPTIMIZING CONDITIONS

Denote by V;(B;_1, N;_1) the value function for the representative household. The house-

hold’s optimizing problem can be written in the recursive form
V;S(Bt—lu Nt—l) =max InC; — xNV; + 5]Et9t+1vt+1(3t, Nt)7 (A-l)
subject to the budget constraint

B
Co+ T_t =B+ wuNe+ o(1 = Ny) +dy — T4, (A.2)

t

and the law of motion for employment
Ny = (1 = 0y)Ni—1 + gy, (A.3)
where the measure of job seekers is given by
up=1—(1—08)Ny_. (A.4)

The household chooses C;, B;, and N,, taking prices and the average job finding rate as
given.
Denote by A; the Lagrangian multiplier for the budget constraint (A.2). The first-order

condition with respect to consumption implies that

A, = Oit (A5)
The optimizing decision for B, implies that
/:—: = BEtQtH%g:’Nt). (A.6)
Using the envelope condition with respect to B;_ 1, we obtain the intertemporal Euler equa-
tion
1= E/%LA”% (A7)

A"
Denote by u,; the Lagrangian multiplier associated with the employment law of mo-

tion (A.3). The first-order condition with respect to N; implies that

8‘/t+1(Bta Nt)

fnt = 1y (wt —¢— l) + BE0; 11 N,

i (A.8)

After substituting out u; in Eq. (A.3) using Eq. (A.4), we obtain the envelope condition

with respect to N;_;
av;ﬁ(-Bt—h Nt—l)
ON;1

= pne(1 = 0¢) (1 — g1). (A.9)
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Define the employment surplus as SH = £t The first-order condition (A.8), together

Ay
with the envelope condition (A.9) implies the Bellman equation
0,1 A
5= we-g— X+ B LR (1 - gt )SE (A10)
t

APPENDIX B. SUMMARY OF EQUILIBRIUM CONDITIONS: BENCHMARK MODEL
A search equilibrium is a system of 22 equations for 22 variables summarized in the vector
[Ot) Tty }/;7 M, Uty Vg, q1'€u7 q;U7 q;l7 Nt7 Utu M, Jf7 J12U7 Jfa At7 I:7 W, Yntv Yatapnt)pat] .

We write the equations in the same order as in the dynare code.

(1) Household’s bond Euler equation:

C,
1= EtﬁetHC (B.1)
t+1
(2) Matching function
my = pudv; ", (B.2)
(3) Job finding rate
my
vt B.3
i u (B.3)
(4) Vacancy filling rate
my
= — B.4
4y o (B.4)
(5) Employment dynamics
Nt = (1 — 5t)Nt—1 + my, (BS)
(6) Number of searching workers
Uy = 1— (1 — (St)Nt,h (B6)
(7) Unemployment
Ut == 1 - Nt, (B7>
(8) Vacancy dynamics
vp= (1= ¢/ 1)(1 = g )ve—1 + 0 Ne—1 + 1, (B.8)
(9) Automation dynamics
Ap=(1=p) A1+ ¢/ (1 = ¢/1)ve-a, (B.9)
(10) Employment value
e O e
Ji = pntZy — wi + Etﬁeﬂ-lc (601 y + (1= 6i01) Jf 1] (B.10)
t+1
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(11) Vacancy value

C a v a a xt*+1
C ! {(1 —qi) I At i — / xdG(x)} . (B.11)
t+1 0

JP = —r+ql Jy+ (1= )Euf0i1
(12) Automation value

C
S = paZiCe — Ko + (1 — po)EtﬁetHC—tJfH, (B.12)
t+1

(13) Automation threshold

xp = J¢ = J., (B.13)
(14) Robot adoption
Tt Na
¢ = (—) | (B.14)
z
(15) Vacancy creation
JU e
m = (gt) : (B.15)

(16) Aggregate output

V= [ + (- oy |7 (B.16)
(17) Intermediate goods produced by workers
Yo = ZuNy, (B.17)
(18) Intermediate goods produced by robots
Yor = Zi G A, (B.18)

(19) The relative price of intermediate goods produced by workers

v\ #
Dt = Qin (Y—tt) (B.19)

(20) The relative price of intermediate goods produced by robots

1
Y, \ 7
= (1—ay) [ =~ B.20
p= (1= ) () (B.20)
(21) Resource constraint
Na Te
C A + ——qri (1 — qf _ J =Y, B.21
t + KU+ Ko Ar + 14_%%%( f—1)ve-1 + 1+77e77t t t ( )

(22) Nash bargaining wage

50,4:1C,
t+1

b u b (5 v
m(‘]te —Jy) = w — ¢ — xCr + E (1 =gy - 6t+1)m<‘]t+1 — J), (B.22)
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APPENDIX C. ADDITIONAL IMPULSE RESPONSES
We report some additional impulse responses in this section.

Impulse responses to a job separation shock in the benchmark model. A job
separation shock raises both unemployment and vacancies and mechanically boosts hiring
through the matching function, as shown in Figure C.1. This finding is consistent with
Shimer (2005), who argues that the counterfactual implication of the job separation shock
for the correlation between unemployment and vacancies renders the shock unimportant for
explaining observed labor market dynamics. The shock reduces the automation probability.
Labor productivity increases slightly, since the decline in employment outpaces the decline
in aggregate output. The shock also leads to small declines in real wages and the labor

income share.
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Ficure C.1. Impulse responses to a job separation shock in the benchmark

model.

Impulse responses to a neutral technology shock: benchmark vs. no-automation
counterfactuals. We compare the impulse responses to a positive neutral technology shock
in the benchmark model with those in two counterfactuals: (1) raising the worker’s value
of non-market activity (i.e., the unemployment insurance benefits), and (2) reducing worker
bargaining weight. In both counterfactuals, we turn off the automation threat channel by
keeping the automation probability constant at the steady-state level.

Figure C.2 compares the impulse responses to a positive neutral technology shock in
the benchmark model (the black solid lines) to the no-automation counterfactual (the blue
dashed lines) and the high UTI benefit counterfactual (the red dashed lines).

Figure C.3 compares the impulse responses to a positive neutral technology shock in
the benchmark model (the black solid lines) to the no-automation counterfactual (the blue

dashed lines) and the low worker bargaining weight case (the red dashed lines).

APPENDIX D. MODEL WITH PRODUCTION LAGS

Summary of equilibrium conditions. A search equilibrium is a system of 22 equations

for 22 variables summarized in the vector
U v a € v a *
[Ct7 T, Y;fa myg, Ug, Vg, Qt ) qlf ) Qt ) Nt7 Uta T]tv Jt ) Jt 9 Jt ) Ata :L‘t , We, Ynt7 }/;ltapntapat] .

We write the equations in the same order as in the dynare code.
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Ficurge C.2. Impulse responses to a positive neutral technology shock in the

benchmark model (black solid lines), the counterfactual with no automation

(blue dashed lines), and the counterfactual with no automation and high un-

employment insurance (UI) benefits (red dot-dash lines).
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Ficure C.3. Impulse responses to a positive neutral technology shock in the

benchmark model (black solid lines), the counterfactual with no automation

(blue dashed lines), and the counterfactual with no automation and low worker

bargaining weight (red dot-dash lines).
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(1) Household’s bond Euler equation:

C
1= Etﬂ9t+1c ¢ Tt (Dl)
t+1
(2) Matching function
my = pulv; T, (D.2)
(3) Job finding rate
my
= — D.3
q u (D.3)
(4) Vacancy filling rate
my
= — D4
q o (D.4)
(5) Employment dynamics
Ny = (1= 0;)Ne_1 + my, (D.5)
(6) Number of searching workers
U = 1-— (1 - 5t)Nt—17 (D6)
(7) Unemployment
Ut = 1 - Nta (D?)
(8) Vacancy dynamics
vp = (1 —q_1)(1 — ¢ )vim1 + 6 Ne1 + i, (D.8)
(9) Automation dynamics
A= (1= p°) A1+ ¢/ (1 — g/ 1)ve, (D.9)
(10) Employment value
e Ct v e
Jt = pntZt - wt ‘I’ Etﬁ9t+lc_ |:6t+1‘]t+1 + (1 - 5t+1)Jt+1:| 3 (DlO)
t+1

(11) Vacancy value

C Tiiq
J = _’f"‘qzjjf‘f‘(l_q:)EtﬁetHG tl {(1 —qi) I At i — / xdG(x)} . (D.11)
o 0

(12) Automation value

Ji = (1= p")EiDy i [Pais1Ze41Cer1 — Ka + I ] (D.12)

(13) Automation threshold
xy = Jp = J7, (D.13)
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TMNa
i
4 = (5) : (D.14)

N = (J%)n ; (D.15)

(14) Robot adoption
(15) Vacancy creation

(16) Aggregate output
Y, = [anyn?l (- an)ygl?l} o (D.16)
(17) Intermediate goods produced by workers
Yo = Z,N;, (D.17)
(18) Intermediate goods produced by robots
Yu =2 A1, (D.18)

(19) The relative price of intermediate goods produced by workers

Y, \ 7
Pnt = Qp, (Y_tt) (D]_g)

(20) The relative price of intermediate goods produced by robots

Pat = (1 — ay,) (%); (D.20)

(21) Resource constraint

Ci + Kvy + KA1 + J—“anﬂfl‘(l —q_1)v—1 + 1 _7_677 ey =Y, (D.21)
(22) Nash bargaining wage
b e v /80 C u b e v
T =) =w—d—xC +E, Ctﬂ (1 g (1 - Oer1) 7 (Jipn = Jia), (D-22)
t+1

Impulse responses. We calibrate the parameters in the model with production lags to the
same values as those in the benchmark model.

Figures D.1-D.3 show the impulse responses of several macro and labor market variables
to a positive, one-standard-deviation shock to the neutral technology, the discount factor,

and the automation-specific technology, respectively.
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F1GURE D.1. Impulse responses to a positive neutral technology shock in the

model with prod

uction lags.

Unemployment Vacancy Hiring
0.02
3 -0.05 0.06
g 0.015
0.05
(0]
o -01
[ 0.01
o 0.04
0.15
0 10 20 0 10 20 0 10 20
0.2 Automation prob Vacancy creation Vacancy value
0.1 1 1
0 0.5 0.5
-0.1 0 0
0 10 20 0 10 20 0 10 20
«10Productivity 10 <103 Wage 0 «1oBabor share
10 B
5 2
5 -4
0
0 -6
0 10 20 0 10 20 0 10 20
Quarter Quarter Quarter

FiGure D.2. Impulse responses to a positive discount factor shock in the

model with with production lags.
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FiGUure D.3. Impulse responses to a positive automation-specific technology

shock in the model with production lags.
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APPENDIX E. MODEL WITH AUTOMATED JOBS

Summary of equilibrium conditions. A search equilibrium is a system of 22 equations

for 22 variables summarized in the vector
u v a e TV 7Ja *
[Ct7 Tt, }/:‘,7 M, Uty Uty 4y 5 4y 5 Gy s Nt7 Ut7 Mt Jt ) Jt 9 Jt ) At7 Ty, W, Ynt7 }/;Ltupmhpat] .

(1) Household’s bond Euler equation:

C
1= Etﬁ9t+1c i Tt (El)
t+1
(2) Matching function
my = puv, 7, (E.2)
(3) Job finding rate
my
u —_ — E-
4y Uy ) ( 3)
(4) Vacancy filling rate
my
L E.4
Qt vy ) ( )
(5) Employment dynamics
Nt = (1 — (St)(l - Q?)Nt—l + my, (E5)
(6) Number of searching workers
Ut = 1— (1 — 5t)(1 — Q?)Ntfl, (E6)
(7) Unemployment
Ut - 1 - Nt7 (E?)
(8) Vacancy dynamics
Uy = (1 — qffl)vt_l + 5tNt—1 + Ny, (ES)
(9) Automation dynamics
Ap=(1—=p°) A1+ ¢ (1 = ) Ny, (E.9)
(10) Employment value
e Ct v a a T a e
Ji = ptZy—wi+E 8044 Cror 5t+1Jt+1 + (1 = 0¢41) Gi1dii1 — rdG(z) + (1 - qt+1>‘]t+1 )
+ 0
(E.10)
(11) Vacancy value
C
TP ==k + @ Jf + (1= ¢V EBOp =T}, (E.11)

Cri1
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(12) Automation value

C,
Ji = paZiC — K + Ei 8011 C :
t+1

(1 - po)‘];l-i-l?

(13) Automation threshold
xy = JP = Jg,

(14) Robot adoption
(15) Vacancy creation

(16) Aggregate output
V= [an¥u + -y |7
(17) Intermediate goods produced by workers
Y = Z; Ny,
(18) Intermediate goods produced by robots
Yo = ZiGi Ay,

(19) The relative price of intermediate goods produced by workers

Y, \ 7
nt — Op |
Pnt Y,

(20) The relative price of intermediate goods produced by robots
Y, \ 7
at — 1-—- n e
Pat = ( ) (Y;1 t)

Na Ne
(1 — 0;)N,_ J' =Y,
1+77atht( ) N1 + 1+n€77t ¢ ts

(21) Resource constraint

Ct + KUy + /ﬁ)aAt +

(22) Nash bargaining wage

b . " B0:1C, u b
E(Jt —Jf) =w — ¢ — xCy + Eq Ct':jl t(l_qt+1)<1_5t+1>1_b

(JteJrl - Jthrl) )

13
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Fi1GURE E.1. Impulse responses to a positive neutral technology shock in the

model with automating jobs.

Impulse responses. For ease of comparison, we calibrate the parameters in the model with
automated jobs to the same values as those in the benchmark model.

Figures E.1-E.2 show the impulse responses of several macro and labor market variables
to a positive, one-standard-deviation shock to the neutral technology, the discount factor,

the automation-specific technology, and the job separation rate, respectively.
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FicUure E.2. Impulse responses to a positive automation-specific technology
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shock in the model with automating jobs.
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APPENDIX F. MODEL WITH HETEROGENEOUS WORKER SKILLS

Summary of equilibrium conditions. A search equilibrium in the model with heteroge-

neous workers is a system of 23 equations for 23 variables summarized in the vector
U v a (& v a *
[Cta Tt, }/;57 my, Ug, Vg, Qt 9 Qt ) Qt ) Nt7 Ut7 77t, Jt ) Jt ) Jt 9 At7 mt y Wni, Wst, Ynt7 Yat»pntapat] .

We write the equations in the same order as in the dynare code.

(1) Household’s bond Euler equation:
Cy

1= Etﬁ9t+1C—Tt, (Fl)
t+1
(2) Matching function
my = puv, 7, (F.2)
(3) Job finding rate
my
w T F.3
4, Uy ’ ( )
(4) Vacancy filling rate
my
v I F.4
4y vy ) ( )
(5) Employment dynamics
Ny = (1—0,)Ny—1 +my, (F.5)
(6) Number of searching workers
Ut = 1-— (]_ - 5t)Nt—17 <F6)
(7) Unemployment
Ut = 1 - Nta (F?)
(8) Vacancy dynamics
ve= (1= ¢/ )(1 = ¢ )vr1 + 6:Newy + 1, (F.8)
(9) Automation dynamics
Ap=(1=p) A1+ ¢ (1 = ¢/1)ve-a, (F.9)
(10) Employment value
e Ot v e
Jt = pntZt — Wnpy + Etﬁet—l-lo [5t+1<]t+1 + (1 - 5t+1)<]t+1} ) (F.IO)
t+1

(11) Vacancy value

C
J = —r+q J;+(1 _Qf)EtﬁetHC -
41

T
(1= qi1) I + i Jia — /0 de(@} . (F.11)
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(12) Automation value

G

1—va
S
J¢ = %patZtC;’“ (Z) — Kq + (1 - pO)EtBQH-l_Ct ) Jta+h
_l’_

(13) Automation threshold
= Jr = J7,

*\ Ma
a_ (%t
Qt (.T ) 9
Jv Ne
nt — (_t) 9
e

o—1 o—1 o—1
Y

Y, — [anYmT N

(14) Robot adoption
(15) Vacancy creation

(16) Aggregate output

at

(17) Intermediate goods produced by workers
Yo = Zi Ny,
(18) Intermediate goods produced by robots
Yor = Zi(GA) 5,
(19) The relative price of intermediate goods produced by workers

Y, \ 7
nt = Qn |
Pnt Y,

(20) The relative price of intermediate goods produced by robots
1
Y\ 7
at = (1 —ap e
Par = (1~ ) (m)

TNa

(21) Resource constraint

a .k v 778 ()
Cy + kv + ko Ay + ——qi 2] (1 — ¢ vy + ——nJ) =Y,

147, 147
(22) Nash bargaining wage

b 0;11C,
(U 0 = w6 XC B

b
23) Skilled wage
(23) g

t+1

S

Wst = (1 - fYa)Zt (Ct%t)va

17

(F.12)
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(F.21)

u b . .
(1= qf)(1 = §t+1)ﬁ<Jt+1 —J{), (F.22)

(F.23)
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FiGURE F.1. Impulse responses to a positive discount factor shock in the

model with heterogeneous skills.

Impulse responses. We use the calibrated and estimated parameter values in the bench-
mark model where appropriate and calibrate three additional parameters in this generalized
model. We set vy, = 0.32, such that the skilled labor share is 68% of the revenue generated by
the technology using robots and skilled workers as inputs. We normalize the supply of skilled
workers and calibrate the average level of the automation-specific productivity (relative to
the neutral technology) such that the model implies a steady-state skill premium of 55%, in
line with the ratio of median weekly earnings of workers with a bachelor’s degree or higher
to those of workers with some college or associate degrees.

We have shown the impulse responses to a neutral technology shock in the main text.

Here, we present the impulse responses to the other three shocks, shown in Figures F.1-F.2.
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FiGUure F.2. Impulse responses to a positive automation-specific technology

shock in the model with heterogeneous skills.
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