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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(Bt, 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 = £2t. 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 18 equations for 18 variables summarized in the vector
[Ot7 Tty }/157 Mty Uty Vg, q;L’ qz)a ql?v Nt7 Ut) M, Jfa Jf? Jgu At7 .ZU;; wt] .

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

(1) Household’s bond Euler equation:

Ct
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 C e
Jt = Zt W + Etﬁeﬂ_lo [5t+1Jt+1 -+ ( — 5t+1)Jt+1} y (BlO)
t+1
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(11) Vacancy value

v v 7€ v C a v a a
==kt + (1= ) Ee50 C:rl [(1 — Giy) I T dl t+1] : (B.11)
(12) Automation value
C
J* = Zy( — kg + (1 — p")]EtBGtHC—t . (B.12)
t+1
(13) Automation threshold
xf=Jr = J7, (B.13)
(14) Robot adoption
T* Na
i (%) (B.14)
(15) Vacancy creation
J Tle
= (gt) : (B.15)
(16) Aggregate output
}/;g = ZtNt + ZtCtAt' (B16)
(17) Resource constraint
Na Te
C WA et (1 — g oy JU =Y, B.17
t+ KU+ R t+1+na€It$t( q—1)ve 1+1+ne77t t t ( )
(18) Nash bargaining wage
80111 Cy

b
1_b(Jt(i_Jt1}>:wt_¢_XCt+]Et

u b € v
Cos (1= ¢i0)(1 = 0er) 7— (Jia = Ji), (B.18)
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) reducing worker bargaining
weight and (2) raising the worker’s value of non-market activity (i.e., the unemployment
insurance benefits). In both counterfactuals, we turn off the automation channel by keeping
the automation-related variables to their steady-state levels and shutting off the automation-
specific shock.

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

bargaining power (red dot-dash 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 high UT benefit counterfactual (the red dashed lines).
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Ficurge 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 high un-

employment insurance (UI) benefits (red dot-dash lines).

Impulse responses to a neutral technology shock: benchmark vs. low search fric-
tions. Figure C.4 shows the impulse responses of the macro variables following a positive
neutral technology shock, and compares the impulse responses from the benchmark model
(the black solid lines) with those from the counterfactual with low search frictions (the blue
dashed lines). Although both models have the automation channel operating, the bench-
mark model produces much stronger amplification effects of the shock on unemployment and
vacancies than does the counterfactual with low search frictions.

In the benchmark model, automation displaces workers directly, but it also creates jobs by
raising the present value of a job vacancy and therefore boosting the incentive for vacancy
creation. In an economy with a spot labor market without search frictions, an employment
relation would cease to be a long-term relation, and the option of automation in the fu-
ture would not directly affect current hiring decisions. In that case, robots would replace
workers, and increased automation in response to a positive technology shock would raise
unemployment and reduce vacancies. The counterfactual model with lower search frictions

lies between our benchmark model and the spot labor market, with mitigated job-creating



ONLINE APPENDIX TO ROBOTS OR WORKERS 8

effect of automation, and thus more muted responses in unemployment and vacancies than
those in the benchmark economy.!

With low search frictions, the present value of a vacancy responds less to the technol-
ogy shock (because the model becomes closer to a spot labor market). Since the neutral
technology shock directly raises the productivity of both workers and robots, the value of
automation rises on impact. Thus, the automation threshold (i.e., zj = Ji* — J;) and the
automation probability rises more sharply than in the benchmark model, as shown in Fig-
ure C.4, leading to stronger increases in labor productivity. Although the real wage rate also
increase more than that implied by the benchmark model, the productivity effects dominate,

leading to a more pronounced and persistent decline in the labor share.

We have also considered the case with a higher average job separation rate of 6 = 0.8 (not reported in
the paper). In that case, we find that a positive neutral technology shock raises unemployment and lowers

vacancies, because the forward-looking job-creating effect becomes further mitigated.



ONLINE APPENDIX TO ROBOTS OR WORKERS

Unemployment Vacancy Automation prob
—  0.06 0.25
\ - -
002 S—=—" 0.05
-0.04 0.04
-0.06 0.03
-0.08 0.02
-0.1 0.01
0.12 0
0 10 20
Productivit 3 Wage Labor share
0.04 y 9 x10 g 0
0.035 -0.005
0.03 -0.01
0.025 -0.015
0.02 -0.02
-0.025
0.015
-0.03
0.01
0 10 20 0 10 20 0 10 20
Quarter Quarter Quarter
‘ Benchmark — — Low search frictions ‘

FiGure C.4. Impulse responses to a positive neutral technology shock in the
benchmark model (black solid lines) and the counterfactual with low search

frictions (blue dashed lines).

APPENDIX D. SUMMARY OF EQUILIBRIUM CONDITIONS: MODEL WITH AUTOMATED

JOBS

A search equilibrium is a system of 18 equations for 18 variables summarized in the vector

u v a e v a *
[Ct7/rt7}/;57mt7uta Ut, Qt aqu ) qlf ) Nt7 Ut777ta to Jt ) Jt aAt7xt7wt] .

(1) Household’s bond Euler equation:

Ci
Cia

1 =E80,11

Tt,

(2) Matching function
my = pudv T,

(3) Job finding rate

u _ T
4y = u_ta
(4) Vacancy filling rate
v my
q4; = 'U_t’

(5) Employment dynamics

Ny = (1 =0)(1 = ¢ )Ny +
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(6) Number of searching workers

U = 1 — (1 — (St)(l — q;:l)Nt—b (D6)
(7) Unemployment
Ut - 1 - Nta (D?)
(8) Vacancy dynamics
vp = (1= q;_1)vi-1 + N1 + i, (D.8)
(9) Automation dynamics
Ar=01-p)Ai1 + ¢/ (1 —0) N, (D.9)

(10) Employment value

Cy
Cim

Ji = 2y — we + Ko 5014 {0011 + (1= 0up1) [0 04 + (L= af41) o]}, (DA10)

(11) Vacancy value

C
J=—k+qJf+(1- Qf)EtﬁetJrlC_tJthrlv (D.11)
t+1
(12) Automation value
C
Ji = Z1G — Ko+ (1 — Po)EtﬁetHC—tJfHa (D.12)
t+1
(13) Automation threshold
xp = J¢ = Jf, (D.13)
(14) Robot adoption
*\ Ta
" x
i (%) (D.14)
(15) Vacancy creation
Jv Te
w= (%), (D.15)
(16) Aggregate output
Y, = ZiN, + Z,G Ay (D.16)
(17) Resource constraint
Na Te
C At + ——qixi (1 — 0) Ny + ——— i J) = Y4, D.17
t + KU+ R t+1+na%$t( t) t1+1+nentt t (D.17)
(18) Nash bargaining wage
B0 Ct b

b
=) = w = d = XCi + K (1= q41)(1 = 6e41)

b=b Cry LT — (i = T, (D8)



ONLINE APPENDIX TO ROBOTS OR WORKERS 11

APPENDIX E. SUMMARY OF EQUILIBRIUM CONDITIONS: MODEL WITH HETEROGENEOUS
WORKER SKILLS

A search equilibrium in the model with heterogeneous workers is a system of 19 equations

for 19 variables summarized in the vector
u v a € v a *
[Cta T, Yt7 my, U, Vg, Qt ) Qt ) qt ) Nta Utv nta Jt ) Jt ) Jt ) Ata $t y Wnt, wst] .

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

(1) Household’s bond Euler equation:

C
1= Etﬁetﬂc Ly (E.1)
t+1
(2) Matching function
my = pugv, 7, (E.2)
(3) Job finding rate
my
p=— E.3
Qt Uy ) ( )
(4) Vacancy filling rate
my
L E.4
4, v ) ( )
(5) Employment dynamics
Ny = (1= 0¢) N1 + my, (E.5)
(6) Number of searching workers
Uy = 1— (1 — 6t)Nt—17 (E6)
(7) Unemployment
Ut - 1 - Nt7 (E?)
(8) Vacancy dynamics
ve= (1= ¢ ) (1 = ¢i)vra + 6 Newy + 1, (E.8)
(9) Automation dynamics
A= (1 =p) A1 + ¢ (1= g )ve, (E.9)
(10) Employment value
e C v e
Jp = Zy — Wy + Etﬁetﬂc— [5t+1Jt+1 + (1 - 6t+1)‘]t+1} ) (E.10)
t+1
(11) Vacancy value
v v 7e v C a v a a
S ==kt g+ (1= q))Ee 50, Ctj—l [(1 — 1) + Qt+1Jt+1} : (E.11)
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(12) Automation value

_ 11—
5 ‘ C
Jta = aaZt tOéa (I) — KRq + (1 — po)Etﬁ9t+1C—tJf+1, (El?)
t t+1
(13) Automation threshold
xf=Jr = J7, (E.13)
(14) Robot adoption
*\ Ta
" x
i (%) (514
(15) Vacancy creation
Jv e
N = (—t) : (E.15)
é
(16) Aggregate output
Y, = ZiNy + Z; (G A 5%, (E.16)
(17) Resource constraint
Na TNe
C WA g1 — g oy JU =Y, E.17
t T RU t R t+1+naqt$t( q—1) vt 1"’1_'_776771? t t ( )

(18) Nash bargaining wage

b B011Ct
— (= J) =wu— o —xC +E
1_ b( ¢ () = wn — ¢ — xCr + Eq Cros

(19) Skilled wage

u b e v
(I —gi)(d - 5t+1)m(Jt+1 = J{), (E.18)

S

we = (1— a2 (Q—f‘t)% , (F.19)
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