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Abstract

This study explores the effects of minimum wage on automation and innovation
in a Schumpeterian growth model. We find that raising the minimum wage decreases
low-skilled workers’ employment and has an ambiguous impact on innovation and au-
tomation. Specifically, suppose the substitution elasticity between low-skilled workers
and high-skilled workers in production is less (greater) than unity. In that case, raising
the minimum wage leads to an increase (a decrease) in automation and innovation.
We also provide a quantitative analysis by simulating the effects of minimum wage on
the macroeconomy. Finally, we test our theoretical results by estimating the elasticity
of substitution between low-skilled and high-skilled workers and the minimum wage
impact on automation and innovation in China.

JEL classification: E24, 030, 040
Keywords: minimum wage, unemployment, innovation, automation

Chu: angusccc@gmail.com. Department of Economics, University of Macau, Macau, China. Cozzi:
guido.cozzi@unisg.ch. Department of Economics, University of St. Gallen, St. Gallen, Switzerland. Fan:
fan _haichao@fudan.edu.cn. Institute of World Economy, School of Economics, Fudan University, Shang-
hai, China. Shanghai Institute of International Finance and Economics, Shanghai, China. Furukawa:
you.furukawa@gmail.com. Faculty of Economics, Chuo University, Tokyo, Japan. Liao: chihhsingliao@gmail.com.
Department of Economics, National Central University, Taoyuan, Taiwan. The previous version was circu-
lated under the title "Effects of Minimum Wage on Automation and Innovation in a Schumpeterian Econ-

omy".



Higher minimum wages could stimulate the economy and boost wages, for
example. Or if employers focus on high-skilled workers in the short term, that
could boost productivity and the economy in the long term, eventually providing
jobs for the low skilled. The Economist (2016)

1 Introduction

Would a higher minimum wage boost automation and innovation? Or would the consequent
decrease in low-skilled production lead to a reallocation of high-skilled labor from innovation
and automation to the production of goods and services? An answer to these questions
is essential for the assessment of minimum wage policies on macroeconomic growth. An
example is Former President Biden’s proposal to double the US federal minimum wage from
$7.25 to $15, which was ultimately purged by Congress from the final version of the America
Rescue Plan of 2021. Is more expensive unskilled labour a sufficient incentive for automation?
Was that decision beneficial or harmful for the innovative future of the US economy? We find
that both scenarios are possible. Which scenario occurs crucially depends on a structural
parameter that determines the elasticity of substitution between low-skilled workers and
high-skilled workers in production.

Specifically, we consider a Schumpeterian growth model in which the production of goods
requires both low-skilled workers and high-skilled workers. In contrast, the automation
process and the innovation process require only high-skilled workers. Within this growth-
theoretic framework, we find that raising the minimum wage decreases the employment of
low-skilled workers and has ambiguous effects on automation and innovation. Specifically,
the minimum wage impact on automation and innovation depends on the elasticity of substi-
tution between low-skilled workers and high-skilled workers in production. If this elasticity
of substitution is less (greater) than unity, raising the minimum wage leads to an increase
(a decrease) in automation and innovation.

The intuition of the above results is the following. Because the minimum wage is binding
in the low-skilled labor market but not in the high-skilled labor market, raising the minimum
wage reduces low-skilled employment but does not affect high-skilled employment. The
decrease in low-skilled production workers leads to a reduction (an increase) in high-skilled
production workers if the two types of workers are gross complements (substitutes), in which
case the amount of high-skilled workers for automation and innovation increases (decreases).
We also provide a quantitative analysis by simulating the quantitative effects of minimum
wage on unemployment, capital intensity, automation, innovation, economic growth and
social welfare.

Finally, we test our theoretical results by estimating the elasticity of substitution between
low-skilled and high-skilled workers and the effects of minimum wage on automation and
innovation in China. We find that the substitution elasticity between low-skilled workers and
high-skilled workers in China exceeds unity. In this case, our theory predicts that increasing
the minimum wage harms automation and innovation. Using patent data in China, we
indeed find that minimum wage negatively affects both invention patents and automation
patents.

This study relates to the literature on innovation and economic growth. The seminal arti-



cle by Romer (1990) develops the first R&D-based growth model in which the creation of new
products drives economic growth. Then, subsequent studies by Aghion and Howitt (1992),
Grossman and Helpman (1991) and Segerstrom et al. (1990) develop the Schumpeterian
growth model in which the quality improvement of products drives economic growth. In this
literature, some studies, such as Askenazy (2003), Meckl (2004), Agenor and Lim (2018),
Chu et al. (2020, 2021), introduce minimum wage to variants of the R&D-based growth
model to explore the relationship between unemployment and innovation.! This study dif-
fers from these previous studies by introducing automation to the analysis and analyzing
the relationship between minimum wage and automation. Suppose we set aside automation
in the model. In that case, our result relates to previous studies on minimum wage and
innovation by showing that the elasticity of substitution between low-skilled workers and
high-skilled workers in production determines the effect of minimum wage on innovation.

This study also relates to the literature on directed technical change. The seminal studies
by Acemoglu (1998, 2002) explore how skill-biased technical change causes the rising skill
premium in the US. Subsequent studies by Acemoglu and Zilibotti (2001), Acemoglu (2003),
Gancia and Bonfiglioli (2008), Acemoglu et al. (2015) and Chu et al. (2015) instead consider
the implications of international trade on skill-biased technical change and productivity
differences across countries, whereas Acemoglu et al. (2012) and Hassler et al. (2019) consider
the direction of innovation towards "clean" versus "dirty" inputs for the environment. In
this literature, the elasticity of substitution between inputs is the key determinant of the
direction of innovation. Our result relates to this literature by showing that the elasticity of
substitution between low-skilled workers and high-skilled workers in production determines
the effect of minimum wage on both automation and innovation.

Therefore, this study also relates to the literature on automation and economic growth.?
The seminal study in this literature is Zeira (1998), who develops a growth model with
capital-labor substitution. Subsequent investigations by Zeira (2006), Peretto and Seater
(2013), Aghion et al. (2017), Acemoglu and Restrepo (2018) and Hemous and Olson (2022)
introduce this capital-labor substitution to variants of the R&D-based growth model to
explore the relationship between automation and innovation.® This study complements these
interesting studies by introducing minimum wage to a Schumpeterian growth model with
automation to explore the relationship between unemployment and automation. Alesina et
al. (2018) examine the effects of labor market regulation (modelled as the firing cost of
workers) on the skill premium and technologies in the high-skilled sector relative to the low-
skilled sector. Prettner and Strulik (2020) develop a variety-expanding R&D-based growth
model with unemployment driven by fair wage as in Akerlof and Yellen (1990) to analyze
the effect of automation on unemployment. Instead, we focus on the impact of minimum
wage on the relationship between unemployment and automation, which turns out to be
ambiguous and depends on the elasticity of substitution between low-skilled workers and
high-skilled workers in production.

Finally, our study also relates to the growing empirical literature on how minimum wage

!There are other approaches of incorporating unemployment into the R&D-based growth model; see
Mortensen and Pissarides (1998) for search frictions, Parello (2010) for efficiency wage, Peretto (2011) for
wage bargaining, and Ji et al. (2016) and Chu et al. (2016, 2018) for trade unions.

2See Aghion et al. (2017) for a comprehensive discussion of this literature.

3See Chu et al. (2023) for a discussion of these studies.



affects the automation of low-skilled jobs.* In summary, recent studies in this literature
find different effects. For example, Logan and Neumark (2018) find that raising minimum
wage increases the automation of low-skilled jobs, whereas Downey (2021) find that raising
minimum wage decreases the profitability of automation and reduces the automation of low-
skilled jobs. Our growth-theoretic model shows that the elasticity of substitution between
low-skilled workers and high-skilled workers in production determines which effect prevails
in the economy.

The rest of this study is organized as follows. Section 2 describes the theoretical model.
Section 3 presents the results. Section 4 provides empirical evidence. Section 5 concludes.

2 A Schumpeterian growth model with automation and
minimum wage

The Schumpeterian growth model originates from Aghion and Howitt (1992). Chu et al.
(2023) incorporate capital-labor substitution as in Zeira (1998) into the Schumpeterian
growth model with an automation-innovation cycle. We generalize their production func-
tion to allow for a non-unitary elasticity of substitution between low-skilled workers and
high-skilled workers in production and introduce minimum wage to the model to explore its
effects on unemployment, automation and innovation.

2.1 Household

The utility function of the representative household is given by

U:/ e ' 1n ¢,dt, (1)
0

where ¢; is the household’s consumption of final good (numeraire) and the parameter p > 0
determines the rate of subjective discounting. The household maximizes (1) subject to the
following asset-accumulation equation:

az + kt =riar + (Re — 0)ky + wp e H +Wi4ly + by (L — 1) — 7 — 1. (2)

a, is the value of assets owned by the household. r; is the real interest rate. k; is the amount
of physical capital owned by the household. R; — ¢ is the rental price of capital net of
depreciation. The household has H + L members. Each of H members supplies one unit
of high-skilled labor and earns the high-skilled wage rate wy,;, which is above the minimum
wage and determined as an equilibrium outcome in the high-skilled labor market. Each of
L members supplies one unit of low-skilled labor. Employed low-skilled workers [; earn the
low-skilled wage rate w; ¢, which is determined by the minimum wage set by the government.
Unemployed low-skilled workers L — [; receive an unemployment benefit b, < w;;. The

4There is also a branch of studies that examine the effects of minimum wage on the level of employment;
see Cengiz et al. (2019) for a recent study and a discussion of earlier studies.
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household pays a lump-sum tax 7; to the government. Dynamic optimization yields the
Euler equation as '

¢
L= —p. (3)

(&7

Also, the no-arbitrage condition r, = R; — 0 holds.

2.2 Final good

Competitive firms produce final good y; using the following Cobb-Douglas aggregator over
a unit continuum of differentiated intermediate goods:

i = exp ( /0 1 In xt(i)di) . (4)

x4(7) denotes intermediate good i € [0, 1]. Profit maximization yields the conditional demand
function for x,(i) as

(i) = 2, (5)

where p;(7) is the price of 4(i).

2.3 Unautomated intermediate goods

There is a unit continuum of industries ¢ € [0, 1] that produce differentiated intermediate
goods. If an industry is not automated, then the production process uses low-skilled labor
l;(7) and high-skilled labor h, (7). An industry leader, who owns the latest technology in an
unautomated industry, dominates the market until the arrival of an automation or the next
innovation. The industry leader’s production function is given by

€

zi(i) = 2O { (1= ) [L(0) 7 + B lhoel@)) = | (6)

where the parameter z > 1 is the step size of a quality improvement and the integer n;()
is the number of quality improvements that have occurred in industry i as of time ¢. The
parameter 3 € (0, 1) determines the intensity of high-skilled labor relative to low-skilled labor
in production, whereas the parameter ¢ € (0,00) is the elasticity of substitution between
l4(i) and h,(i). From cost minimization, the conditional demand functions for /;(i) and
h, (1) are given by

— 7 Z?’Lz(i) e—1 e-1 5—%
o= C= R {0 1 a7 ) )
1) 2"t (@) e—1 1Y =
e R (L ICO ROl S ®)

where &, is the Lagrange multiplier from the cost minimization problem. Using (7) and
(8), we obtain 1;(i)/h.+ (i) = {[B/ (1 — B)] (W+/wns)} °. We substitute this relative labor
demand function into (6) to derive



t J t 1 -
heali) = 250 (1242 ) (1)

where we have defined the following transformed variable:

oeoen(es) )]

Using (9) and (10), we find that the marginal cost of production for the leader in an
unautomated industry 4 is given by 1, /2", Aghion and Howitt (1992) and Grossman and
Helpman (1991) assume that the markup ratio is given by the quality step size z, due to
limit pricing between current and previous quality leaders. Here we follow Howitt (1999)
and Dinopoulos and Segerstrom (2010) to assume that previous quality leaders exit the
market and need to pay a re-entry cost. In this case, the unconstrained profit-maximizing
monopolistic price would be infinite, so we consider price regulation as in Evans et al. (2003)
to impose a policy constraint on the markup ratio p such that

p(i) < /szzbzii)' (11)

To maximize profit, the industry leader chooses p,(i) = u,/2"@. In this case, the wage
payment in an unautomated industry is

. . 1 . . 1
Wyl (1) + wphe (i) = ;pt@)ﬂ?t(l) = ;yta (12)

and the amount of monopolistic profit in an unautomated industry is

T4 (6) = pe(0) 24 (1) — [W1,ele (1) + whphy s (3)] = a ; lyt- (13)

2.4 Automated intermediate goods

If an industry is automated, then production uses capital as in Zeira (1998). The production
function is

(1) = =2 Ok, (i), (14)

where A > 0 is a relative productivity parameter and k;(i) denotes capital input used in
an automated industry . Z; = exp ( fol ny(i)diIn z) denotes aggregate technology across

industries and captures an erosion effect of new technologies that reduce the adaptability
of existing physical capital. Given the productivity level 2™ the marginal cost function



of the leader in an automated industry i is Z;R;/[Az™¥].° Due to price regulation, the
monopolistic price p;(i) is once again a markup p over the marginal cost Z;R;/[Az™)] such
that

. Zth
pli) = 'qu”t(i)' (15)
The capital rental payment in an automated industry is
Rikyli) = ~pi(i)a(i) = (16)
1) = —pe(2)xe (i) = —y,
tihvt 1 t t 1 t
and the amount of monopolistic profit in an automated industry is
7y (1) = (1) (1) — Reky (1) = . Yi. (17)

2.5 Automation-innovation cycle

This section derives the equilibrium condition that supports a stylized and tractable automation-
innovation cycle, which can be explained as follows. When the next automation arrives and
an industry becomes automated, it uses capital as the factor input. In order for the automa-
tion to reduce the marginal cost of production (so that the automation is adopted), we need
the following condition to hold: Z;R;/A < 1,. Then, when next innovation arrives and an
automated industry becomes unautomated, it uses the two types of workers as factor inputs.
In order for the innovation to reduce the marginal cost of production (so that the innovation
is adopted), we need the following condition to hold: v,/z < Z;R;/A. Combining these two
conditions yields 1,/z < Z;R;/A < 1,. In Lemma 1, we derive the steady-state equilibrium
expression for this condition, in which g, = 9;/y: denotes the steady-state growth rate of
output and 6 denotes the steady-state share of automated industries.

Lemma 1 The steady-state equilibrium condition for the automation-innovation cycle is
1

1 0 =y
- < |= ) < 1.

Proof. See Appendix A. =

® Alternatively, one can consider a simpler production function (i) = Ak (i), in which case the marginal
cost function is simply R;/A. However, the aggregation for Z; would become much more complicated.



2.6 Innovation and automation

Equations (13) and (17) imply 7l(i) = 7! and 7¥(i) = 7¥. Therefore, we follow the standard
treatment to focus on the symmetric equilibrium in which v!(i) = v! and vf(i) = vF.° where
vl denotes the value of an unautomated invention and v¥ denotes the value of an automation.
The no-arbitrage condition that determines the value v! of an unautomated invention is

7Ti + Ui — (Oét + )\t)’l}i
ry = 1 ;
Ut

(18)

which equates the interest rate to the rate of return on v! given by the sum of profit 7!
and capital gain ©! minus expected capital loss (a; + A¢)v!, where oy is the arrival rate of
automation and )\; is the arrival rate of innovation. Similarly, the no-arbitrage condition

that determines the value v of an automation is

ko ok k
_ Tt — Ay

vk ’

(19)

Tt

which equates the interest rate to the rate of return on v given by the sum of profit 7% and
capital gain ©F minus expected capital loss \vF, where )\; is the arrival rate of innovation.
The condition in Lemma 1 ensures that the previous automation becomes obsolete when the
next innovation arrives.

Competitive entrepreneurs perform innovation in industry ¢ by employing high-skilled

labor h,(i). The arrival rate of innovation in industry ¢ is given by

>\t<Z) - gpthr,t(i% (20)

where ¢, = gphﬁgl in which ¢ > 0 is an innovation productivity parameter. The aggre-
gate arrival rate of innovation is Ay = @h;;, where h,; denotes aggregate R&D labor, and
the parameter € (0,1) captures the intratemporal duplication externality in Jones and
Williams (2000).” To ensure equilibrium uniqueness, we will restrict the parameter space to
n € (0,0.5], which is sufficient for the equilibrium to be unique as we will show below. In a

symmetric equilibrium, the free-entry condition of R&D becomes
Mol = W thet < vl = wh,th}n;”. (21)

Competitive entrepreneurs also perform automation in industry ¢ by employing high-
skilled labor h, (7). The arrival rate of automation in industry i is given by

(1) = ¢ha(i), (22)

where ¢, = ¢(1 — Gt)hZ;1 in which ¢ > 0 is an automation productivity parameter and 6;
is the endogenous share of automated industries at time ¢. As in Chu, Cozzi, Furukawa

6See Cozzi et al. (2007) for a microfoundation of the symmetric equilibrium in the Schumpeterian model.

"Davidson and Segerstrom (1998) show that constant returns to scale in multiple R&D actitivities can lead
to equilibrium instability and perverse comparative statics. Our model features innovation and automation,
so the decreasing returns to scale in innovation and automation helps to ensure equilibrium stability.



and Liao (2019), the term 1 — 6, in ¢, captures an increasing difficulty effect of automation
under which more industries that are already automated make the next automation more
difficult.® The aggregate arrival rate of automation is o;; = ¢hg ;, where h,, denotes aggregate
automation labor and we have used the condition that h,+(i) = het/(1—6;). In a symmetric
equilibrium, the free-entry condition of automation becomes

Oét’U)iC = wh,thfa,t/(l — Ht) = ¢(1 — Ht)Uf = U}hﬂghi;n. (23)

2.7 Government

To be consistent with balanced growth, we assume that the government sets the minimum
wage as a certain percentage 7 of average wage income, where v > 0 is the minimum-wage
policy instrument. We will show that the minimum wage w;, is binding in the low-skilled
labor market if v is sufficiently large. The government collects a lump-sum tax 7, to finance
the unemployment benefit subject to the balanced-budget condition given by

Ty = by (L - lt) . (24)

2.8 Aggregation
Once again, aggregate technology 7, is defined as

1 ¢
Z; = exp (/ n¢()di In z) = exp (/ Awdw In z) , (25)
0 0

where the second equality uses the law of large numbers, which equates the average number
of quality improvements fol n¢(i)di that have occurred as of time ¢ to the total number of
innovation arrivals fot Awdw up to time ¢. Then, differentiating the log of Z; in (25) with
respect to time yields the growth rate of technology given by

Z

G210 = 7 = M\Inz. (26)

Substituting (6) and (14) into (4) yields the following aggregate production function:’

Iny, = /0 § In [ézm@;@ (i)] di + /9 tl In {znt“) [(1 — B) L)) + B [hua(i)] } = } di

t

1 1-0;

ae\* | Z |- pue 8 |
)

_£€_
e—1

— = ( (27)

8Otherwise, hg (i) = hat/(1 — 0;) would become unbounded as 6; — 1.
90ne can easily allow for an exogenous technological process Z; (capturing e.g., foreign technical progress)
in (27) by introducing Z; to (6) and (14).



where we have used k:(1) = k/0;, 1:(i) = l;/ (1 —6;) and hy+(i) = hys/ (1 —6;). The
share 6; of automated industries determines the degree of capital intensity in the aggregate
production function. The evolution of 6, is determined by

ét = Oét(l - Gt) - )\tﬁt, (28)

where a; = ¢h, , and A, = ph,!, are respectively the arrival rates of automation and innova-
tion. Using (2), one can derive the familiar law of motion for capital as follows:'?

i{ft =Y — Ct — 5kt (29)

From (9), (10) and (16), the capital and labor shares of income are respectively

Rtkt = %yta (30)
— 1—e
Wil = W (1-8) (“jp—l) , (31)
1—¢
Whthe = u _jt) o B° (lj;:) : (32)

2.9 Decentralized equilibrium

The equilibrium is a time path of allocations {ay, k¢, ¢t, Yr, ©(2), 1(2), kt(3), ha 1 (2), Ryt (2), hat(2) }
and a time path of prices {r;, Ry, W4, wn¢, (i), vi(i), vF (i)} such that the following conditions
hold in each instance:

e the household maximizes utility taking {r;, Ry, W, wp} as given;
e competitive final-good firms produce y; to maximize profit taking p;(i) as given;

e cach monopolistic intermediate-good firm i produces (i) and chooses {l;(7), hy (7)), ke (7), p:(7) }
to maximize profit taking {w;;, wp, R:} as given;

e competitive entrepreneurs choose {h, (i), h, ()} to maximize expected profit taking
{wh,ta Uz{ (2>7 'Uf (Z)} as given;

e the market-clearing condition for final good holds such that y, = ¢; + l%t + 0ky;

e the market-clearing condition for capital holds such that foet k(1) di = ky;

e the market-clearing condition for high-skilled labor holds such that fol i (i)di+ |, 01,5 o (i)di+
Jos Mot (D)di = B + hay + hay = H;

e the minimum wage in the low-skilled labor market implies felt L(i)di =1; < L

10Tn Appendix B, we provide the detailed derivations.

10



e the value of inventions is equal to the value of the household’s assets such that foet oF (i) di+
fglt vi(i)di = as; and

e the government balances the fiscal budget.

2.10 Steady-state equilibrium allocation

From (13) and (17), the amount of monopolistic profit in both automated and unautomated
industries is

—1
m=nh =By, (33)

The balanced-growth values of an innovation and an automation are respectively

1 l
1 4 Ty

- — : 34

TR At A p+ ohl+ bl 34
K K

— ik (35)

T Ot prohl
Substituting (34) and (35) into the free-entry conditions in (21) and (23) yields

ehy™  p+ ohl + oh?
¢(1 — O)hy " p+ phi

)

which can be reexpressed as

e (ha\" (RN (RN 0
W(hi) ‘(h_a) *(a) ot IR (36)

This R&D condition shows that there is a positive relationship between h, and h, if n <
1/2;" see Figure 1 for an illustration. Intuitively, when automation labor h, increases, it
reduces the value of innovation v! in (34), so R&D labor h,. should also increase to reduce the
value of automation vF in (35), such that the wage rate of high-skilled workers in automation
and innovation is equalized as required by the free-entry conditions in (21) and (23).

We make use of (32) to obtain

(1—06,)y, B* (wh,t/wl,t)l_a
K (1- 5)6 + 5° (wh,t/wl,t)l_s.

(37)

wh,thx,t =

HEquation (36) can be rewritten as

P ¢ _
- —n (pa

h? ha 1-2n ha 1—n ha
s(e) () ()

where the left-hand side is decreasing in h, and the right-hand side is decreasing in h, /h, given nn < 1/2. Thus,
we can define a monotonically increasing function f(.) such that h,/h, = f(h,). It implies h, = h, f(h;),
which is increasing in h, because f’ > 0.

11



Based on (31) and (32), we can derive wy, /W, = [8/ (1 — )] (lt/hm)l/s. Substituting this
condition into (37) and using (23), (33) and (35), we obtain

) h1-n
b1y = e , (39
(1_6)l € (H_ha_hr)s +B(H_ha_h7")
where we have used the market-clearing condition for high-skilled labor h, + h, + h, = H.
The labor-market condition in (38) shows that for any given amount of low-skilled labor [,
there is a negative relationship between h, and h,..
Low-skilled labor [ in (38) is still an endogenous variable. To solve for I, we use the
following rule that sets the minimum wage as a percentage v of the labor share of output
per capita:

1-46, Yt
H+L

where (1 —6,)/p is the labor income share. Substituting (5), (6) and &,(7) = p(¢)/p into (7)
and then the resulting expression into (39) yields

l:min{H+L (1:_15)16; L} (40)
ToA=8)lF +B(hy) F

In summary, (36), (38), (40) and h, + h, + h, = H together solve for the steady-state
equilibrium allocation {h,., ha, hy,[}. We can substitute h, = H — h, — h,. into (40) to obtain
the following implicit function:

(39)

Wy =y

l(hx) = Z(H - ha - hr) (41)
Then, we substitute (41) into (38) to obtain

m) h1-1m
5(n—1) = Hprehihe @
(1_5) [Z(H_ha_hr)] € (H_ha_hr)s +6(H_ha_hr)

This labor-market condition continues to feature a negative relationship between h, and
h, as shown in the proof of Lemma 2. Intuitively, an increase in high-skilled labor for
automation leads to less high-skilled labor available for innovation, and vice versa. Therefore,
the equilibrium allocation {h,,h,} is unique; see Figure 1 for an illustration. Finally, we
obtain {h,, !} using h, = H— h, — h, and (40).

Lemma 2 The steady-state equilibrium allocation {h,, hg, h,, 1} is unique.

Proof. See Appendix A. =

12



ha ¥ 3

labor-market condition in (42)

R&D condition in (36)

Figure 1: Steady-state equilibrium

3 How minimum wage affects R&D and automation

In the proof of Proposition 1, we show that if v is sufficiently large, then the minimum
wage is binding in the low-skilled labor market and causes unemployment such that [ < L.
Intuitively, a binding minimum wage gives rise to an excess supply of low-skilled workers
and causes their employment level to be below full employment. Then, any further increase
in the minimum-wage policy instrument v reduces the level of low-skilled employment such

that
dl

dry
Intuitively, raising the minimum wage reduces the demand for low-skilled workers [ and
their employment level. Given that the employment of low-skilled labor is already below
full employment (i.e., [ < L), any increase in the minimum wage  would increase the
unemployment rate u that is given by

<0. (43)

) = g B 10 (44)

As for the effects of the minimum wage on the allocation of high-skilled workers, we need
to consider two cases for the elasticity of substitution between low-skilled workers and high-
skilled workers in production. If € > 1, then the right-hand side (RHS) of (38) is decreasing
in [. In this case, an increase in [ must be accompanied by an increase in h, and h, and a
decrease in h,; see Figure 2 for an illustration. Conversely, if ¢ < 1, then the RHS of (38) is
increasing in /. In this case, an increase in [ must be accompanied by a decrease in h, and
h, and an increase in h,; see Figure 2 for an illustration. We summarize the above results
as follows:

13
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Figure 2: Comparative statics

Therefore, if the elasticity of substitution between low-skilled workers and high-skilled
workers in production is less than unity (i.e., € < 1), then we obtain

dh, dl dh, dl dh, di

=<0, =2 50, =2 2 0. (45)
dl_ dy dl_ dy dl_ dy
+ — —_

In other words, the decrease in low-skilled production workers [ (due to the higher minimum
wage) leads to a decrease in high-skilled production workers h, given the gross complemen-
tarity between the two types of workers. As a result, the amount of high-skilled workers for
automation h, and R&D h, increases.

If the elasticity of substitution between low-skilled workers and high-skilled workers in
production is greater than unity (i.e., € > 1), then we obtain

dh, di dh, di dh, di

«@ o & L 2, 16
d dv 0 A dy S A dy S (46)
A A N~

In this case, the opposite effects prevail that the decrease in low-skilled production workers [
(due to the higher minimum wage) leads to an increase in high-skilled production workers h,,
given the gross substitutability between the two types of workers. As a result, the amount
of high-skilled workers for automation h, and R&D h, decreases.
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We now explore the effects of minimum wage on economic growth. The steady-state
equilibrium growth rate of aggregate technology Z; is

9:(7) = Ay)Inz = [h,(7)]"¢In 2. (47)

Given that y; and k; grow at the same rate on the balanced growth path, the aggregate
production function in (27) implies that the steady-state equilibrium growth rate of output
y; is also

9y(7) = 9:(7) = [he(7)]"0 In 2. (48)

Therefore, whether the equilibrium growth rate is increasing or decreasing in the minimum
wage also depends on the elasticity of substitution between low-skilled workers and high-
skilled workers in production.

Finally, we also explore the effects of minimum wage on the share 6, of automated indus-
tries, which determines the degree of capital intensity in the aggregate production function.
From (28), the steady-state equilibrium value of 6 is given by

om=zix={rs el ) @

which uses a = ¢h!l and A\ = ph!l. Appendix A shows that the ratio h,/h, is increasing h,;
therefore, whether the equilibrium share of automated industries is increasing or decreasing in
the minimum wage also depends on the elasticity of substitution between low-skilled workers

and high-skilled workers in production. We summarize all the above results in Proposition
1.

Proposition 1 An increase in the minimum wage has the following effects: (a) a negative
effect on the employment of low-skilled workers; (b) a positive effect on the unemployment
rate; (c) a negative effect on high-skilled production workers and a positive effect on automa-
tion, RED, economic growth and capital intensity if the elasticity of substitution between
low-skilled workers and high-skilled workers in production is less than unity; and (d) a posi-
tive effect on high-skilled production workers and a negative effect on automation, R€D, eco-
nomic growth and capital intensity if the elasticity of substitution between low-skilled workers
and high-skilled workers in production is greater than unity.

Proof. See Appendix A. =

3.1 Quantitative analysis

In this section, we provide a quantitative illustration by simulating the effects of the minimum
wage on the macroeconomy. The model could feature scale effects as in Aghion and Howitt
(1992). We sidestep this issue by normalizing high-skilled labor H to unity. Then, the
model features the following structural parameters {¢, p, i, 1,9, 3, z, p, ¢, A, L} and a policy
variable 7. We assign their parameter values as follows.

15



We consider two values for the substitution elasticity e € {0.5,1.5} that is within the
range of empirical estimates reported in Katz and Autor (1999).'2 Given that the estimates
in Katz and Autor (1999) are based on US data, we also consider US data when constructing
other moments for the calibration. We set the discount rate p to 0.05 and the markup ratio
to 1.05. We follow Jones and Williams (2000) to set the intratemporal duplication externality
parameter n to 0.5. As for the capital depreciation rate ¢, we calibrate its value using an
investment-capital ratio of 0.0768 in the US. We set the distribution parameter 3 between
high-skilled and low-skilled workers to 0.634, which corresponds to a value of 0.366 for the
intensity of low-skilled labor in Ben-Gad (2008). We calibrate the quality step size z using
a long-run technology growth rate of 0.0125 in the US. We calibrate the R&D productivity
parameter ¢ using an innovation arrival rate of one-third as in Acemoglu and Akcigit (2012).
We calibrate the automation productivity parameter ¢ using a labor-income share of 0.56 in
the US; see Karabarbounis and Neiman (2014). For the parameter A, we choose a value that
satisfies the condition for the automation-innovation cycle in Lemma 1. We calibrate the
low-skilled members L using the unemployment rate of 0.06 in the US. Finally, we calibrate
the value of 7 using the skill premium wy,;/w;; = 1.974 in 2008 in the US; see Acemoglu
and Autor (2011). Based on the calibrated values of v, we then compute the implied values
for minimum wage as a ratio of GDP per capita, which range from 0.428 to 0.437.1% These
values are in line with minimum wage as a ratio of GDP per capita in the US, which has an
average value of 0.419 from 1960 to 2019. We summarize all the parameter values in Table
1.

Table 1: Calibration
£ p 10 n 0 B z © ¢ A L gl
0.500 | 0.050 | 1.050 | 0.500 | 0.064 | 0.634 | 1.039 | 1.312 | 1.129 | 0.136 | 1.080 | 0.764
1.500 | 0.050 | 1.050 | 0.500 | 0.064 | 0.634 | 1.039 | 1.284 | 1.105 | 0.136 | 1.216 | 0.780

In the rest of this section, we simulate the effects of the minimum wage + on the output
growth rate g,, the unemployment rate u, labor allocations {h,, h,, h;,l} and the share 6
of automated industries. Figure 3 simulates the effects of the minimum wage v when the
elasticity of substitution between low-skilled workers and high-skilled workers in production
is 0.5 (i.e., ¢ < 1). In this case, Figure 3a and 3b show that raising the minimum wage ~ has
a positive effect on the growth rate of output and the unemployment rate. Quantitatively,
we find that a 10% increase in the minimum wage increases the growth rate of output by 0.01
percentage points and the unemployment rate by 2.63 percentage points. The increase in the
unemployment rate is due to the decrease in low-skilled production labor as shown in Figure
3f. A 10% increase in the minimum wage decreases the employment of low-skilled labor by
5.72 percents, which is within the range of estimates reported in Neumark (2018). As for
the positive effect on economic growth,'* it is due to the positive effect of v on innovation

12The substitution elasticity e is more likely to be greater than unity according to recent estimates, see
for example Ben-Gad (2008) and Acemoglu and Autor (2011); however, ¢ < 1 is still possible empirically.

BData sources: OECD Statistics and Federal Reserve Economic Data.

141n an earlier version of this paper, we also simulate the steady-state welfare effect and find that raising
the minimum wage ~ has a negative effect on social welfare, which is mainly driven by the decrease in the
level of output as a result of the reduction in low-skilled production labor despite the increase in the growth
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labor in Figure 3c, which in turn is due to the negative effect of v on high-skilled production
labor in Figure 3e. The quantitatively small effect of minimum wage on economic growth is
consistent with the empirical evidence discussed in Sabia (2015). Finally, Figure 3d shows
that raising v also has a positive effect on automation labor, which in turn leads to the
positive effect on the share of automated industries in Figure 3g.
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Figure 3a: Effect of v on g, (¢ = 0.5) Figure 3b: Effect of v on u (¢ = 0.5)
0067 FT—" 77 T 0.0445 [1
0.0440 }
0.066 - F
0.0435 |-
o 0065 1 < 0.04305
0.0425
0.064]- ;
0.0420 |
008317 : L L L L L L L L L L L L L L L L L L L L L L L L . L
075 0.80 085 0.90 0.95 100 0.75 080 085 090 095 1.00
1% 14
Figure 3c: Effect of 4 on A, (¢ =0.5) Figure 3d: Effect of v on h, (¢ = 0.5)

rate in this case.
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Figure 4 simulates the effects of the minimum wage v when the elasticity of substitution
between low-skilled workers and high-skilled workers in production is 1.5 (i.e., € > 1). In
this case, Figure 4a and 4b show that raising the minimum wage y continues to have a
positive effect on the unemployment rate but now a negative effect on the growth rate of
output. Quantitatively, we find that a 10% increase in the minimum wage decreases the
growth rate of output by 0.01 percentage points and increases the unemployment rate by
5.56 percentage points, which shows that the effect of minimum wage on unemployment is
increasing in the elasticity e of substitution between low-skilled and high-skilled workers. As
before, the increase in the unemployment rate is due to the decrease in low-skilled production
labor as shown in Figure 4f. As for the negative effect on economic growth,” it is due to the
negative effect of v on innovation labor in Figure 4c¢, which in turn is due to the now positive
effect of v on high-skilled production labor in Figure 4e. Figure 4d shows that raising v has

15Tn an earlier version of this paper, we also simulate the steady-state welfare effect in this case and find
that raising the minimum wage - continues to have a negative effect on social welfare, which is now driven
by the decrease in the growth rate of output in addition to the decrease in the level of output (as a result of
the reduction in low-skilled production labor).
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a negative effect on automation labor, which in turn leads to the

of automated industries in Figure 4g.
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4 Empirical evidence

In this section, we provide an empirical test of the theoretical results by exploring the
effects of minimum wage on innovation and automation using Chinese firm-level patent
application data.'® We first estimate the elasticity of substitution between high-skilled and
low-skilled workers in China using panel regressions based on panel data of Chinese listed
manufacturing firms over the period 2000-2013. Specifically, we define workers with upper
secondary education or below as low-skilled workers and workers with junior college education
or above as high-skilled workers.'”

Combining (7) and (8), we derive the relative wage as a function of the relative employ-
ment of production workers. Then, we take log and adopt the following estimation equation
to estimate the elasticity of substitution as e = —1/0:

ln(wh/wl)it = C +o0- ln(h/l)zt + Vi + U+ €it,

where (wyp,/w;)y and (h/1); represent the relative wage and the relative employment between
high-skilled and low-skilled workers employed by firm ¢ in year ¢, respectively. v; and ¢
control for firm and year fixed effects, respectively. ¢;; is the error term and standard errors
are clustered at the city level. Table C1 in Appendix C provides the estimation results. As
shown in columns (1)-(3), the coefficients on In(h/1);; are negative and statistically significant
across all specifications, ranging from —0.284 to —0.393. Column (1) uses pooled OLS with
no fixed effects. Column (2) adds year fixed effects. Column (3) includes both year and firm
fixed effects.

16See Appendix C for the description of all the data used in the empirical analysis.

17Since the wage levels for workers of different education types are not provided in the data, we take the
local minimum wage as a proxy for the wage rate of low-skilled workers. Then, we use the average wage rate
of other workers as a proxy for the wage rate of high-skilled workers.
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The preferred specification is column (3), indicating an estimated elasticity of substitution
of 2.545 (-1/-0.393). This suggests that, within a panel data framework, high-skilled and low-
skilled workers are gross substitutes.'® We also further estimate the elasticity of substitution
in each sector, and the estimated values of the elasticity are within the range of [1.020,
11.623].19 This is consistent with estimates in the literature; see for example Ben-Gad
(2008) and Acemoglu and Autor (2011).2°

Given that the elasticity of substitution between high-skilled and low-skilled workers is
larger than unity in China, our theory predicts that an increase in the minimum wage leads
to negative effects on innovation and automation. In order to test the impacts of minimum
wage on innovation and automation, we make use of three other databases in China: (1)
annual firm-level manufacturing survey data (Annual Survey of Industrial Firms, ASIF) from
the National Bureau of Statistics of China (NBSC),?! (2) firm-level patent application from
China National Intellectual Property Administration (CNIPA), and (3) city-level minimum
wage and economic data. City-level minimum wages are collected from local government
websites, and city-level economic data come from China City Statistical Yearbook (CCSY').??

For dependent variables, we first proxy firm-level innovation using the cumulative total
number of patents or the cumulative number of invention patents. Consistent with Chen et
al. (2026), we consider both total and invetion patents.?® Moreover, as invention patents
better reflect firms’ innovative capacity, we also use them as an additional innovation proxy.

18 Alternatively, we have used macro-level data from the CEIC Database to estimate the elasticity of
substitution in China. Following Acemoglu (2002), we add a time trend for the annual time-series data.
Wage and labor in high-tech sectors (other sectors) are used to proxy the wage rate and the number of
high-skill (low-skill) workers given that workers in high-tech sectors are largely more educated; see Ciccone
and Giovanni (2005). The estimated value of ¢ is also significantly larger than one.

19We also estimate the elasticity of substitution using firm-level microdata from the manufacturing sector
in the 2004 China Economic Census. This cross-sectional dataset provides comprehensive information on
both the number and composition of employees in each economic unit across China’s industrial sectors. The
estimated elasticity of substitution is 1.94, which is close to the result obtained from listed companies. We
further estimate the elasticity of substitution in each sector, and the estimated values of the elasticity are
within the range of [1.145, 10.725].

20Few studies focus on the Chinese labor market, but several studies have shed light on other developing
countries, with the estimated values larger than one. For example, Psacharopoulos and Hinchliffe (1972)
provide an estimated range from 2.1 to 2.5 for 9 developing countries, Angrist (1995) finds a value of ¢ = 2
for the Palestinian labor market, and Behar (2009) finds an elasticity of about 2 for 43 developing countries.

21 This dataset includes all state-owned industrial enterprises and non-state-owned firms with annual sales
above 5 million RMB—the so-called “above-scale” industrial firms. To address concerns that our results
may be driven by size-related heterogeneity, we follow Cai and Liu (2009) and restrict our sample to firms
with sales exceeding 10 million RMB, which enhances data quality and reliability. As a result, our analysis is
confined to relatively large and established manufacturing firms. While size variation certainly exists within
this group, the lower bound on sales implies that the dispersion in firm size is less extreme than it would be
in an unrestricted sample of all firms. Consequently, the potential for size-driven heterogeneity to drive our
results is attenuated. In addition, we acknowledge that our estimates are internally valid for the above-scale
Chinese manufacturing firms and point out that extrapolating to smaller enterprises should be done with
caution.

22Fan et al. (2018) provide an empirical study on the effects of minimum wage on firm-level FDI in China,;
see their paper for a discussion on the institutional background of minimum wages in China.

Z3Patents in China are classified into three types: invention, utility, and design. Since design patents are
less closely related to firms’ actual innovation or automation output, we focus primarily on invention and
utility patents.
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To capture automation innovation, we employ the cumulative count of automation-related
patents. Specifically, a patent is identified as automation-related if its application description
contains the word “automation,” and as an automation and robot patent if the description
includes either “automation” or “robot.”

Following data cleaning and merging, our final sample consists of 1,862,651 firm-year ob-
servations for Chinese manufacturing firms from 2000 to 2013. Table 2 reports the summary
statistics for the key variables, including the number of observations, mean, standard devi-
ation, 1st, 50th, and 99th percentiles, and skewness. The mean number of total cumulative
patents per firm-year is 1.86, while the 1st and 50th percentiles are both zero, indicating
that at least half of the observations have zero patents. For other dependent variables, the
means are also close to zero, with medians uniformly at zero. The distributions of patent
applications are extremely right skewed, concentrated among a very small fraction of firms.?*

Table 2: Summary statistics of the key variables

(1) 2 ) @ (6 (6 (7)
Variables Observations Mean S.D. P1 P50 P99 Skewness
Dependent Variables
All Patents 1862651 1.86 7588 0 0 28 348
Invention 1862651 0.82 70.10 0 0 8 394
Automation 1862651 0.14  4.47 0 0 3 292
Automation and Robot 1862651 0.15 4.63 0 0 3 293
Control Variables
Minimum Wage 1862651 0.70 0.29 0.24 0.67 1.32 0.46
Population 1862651 6.25 0.61 4.67 6.34 8.05 -0.35
GDP per capita 1862651 10.42 093 8.37 10.41 12.68 0.06
Asset 1862651 391 134 042 396 7.02 -0.27
Capital /Labor 1862651 10.40 1.38 7.78 10.25 14.36 0.70

Notes: The dependent variables are cumulative counts of patents by firm, including
total patents, invention patents, automation-related patents, and automation-plus-robot
patents. Minimum Wage is the city-level minimum wage (in 1,000 RMB) at year ¢ — 1;
Other control variables are in logarithmic form and are measured at year ¢t —1. P1, P50,
and P99 denote the 1th, 50th, and 99th percentiles, respectively.

Given the prevalence of zero values in dependent variables, we estimate the effect of
the minimum wage using Poisson pseudo maximum likelihood (PPML).?® The empirical
specification is as follows:

E [patent,;] = exp (19 -minimum_ wage,; 1 +S2X;1-1+S3X 1 + Ki + /@t) ,

where patent;; is the cumulative number of patent applications by firm 7 in year ¢, minimum_wage. 1

24The independent and control variables exhibit much more symmetric distributions, with skewness close
to zero.

25 As noted by Jonathan et al. (2022) and Chen and Roth (2024), using log(1+4y) transformations for count
dependent variables can lead to inconsistent coefficient estimates.
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is the monthly minimum wage in city ¢ in year ¢ — 1.2° X;; ; is a vector of firm-level con-
trol variables in year ¢t — 1, whereas x,, ; is a vector of city-level control variables in year
t — 1. Firm-level control variables X;, ; include the log of firm-level total asset and the
firm-level factor intensity measured by the capital-labor ratio. City-level control variables
Xet—1 include the log of GDP per capita and the log of population. We include year fixed
effects k; to absorb common macroeconomic shocks that affect all firms in a given year,
such as changes in interest rates, or nationwide policy shifts. In addition, firm fixed effects
k; are also controlled to absorb all time-invariant firm heterogeneity including baseline size
differences. Our coefficient of interest 1, which captures the impact of the minimum wage
on firm innovation and automation. According to our theoretical results, we expect ¥ < 0
given that the elasticity of substitution is larger than unity in China.

Table 3: Minimum wage on innovation

All Patents Invention Patents
(1) (2) (3) (4)
Minimum Wage -0.519%**  -0.290%* | -0.595%**  -0.234*
(0.155) (0.115) (0.160) (0.137)
Firm-level Controls No Yes No Yes
City-level Controls No Yes No Yes
Firm Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Observations 388,775 388,775 | 264,554 264,554
Adj R-Squared 0.899 0.902 0.923 0.926

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. In the PPML estima-
tion procedure, the absorption of fixed effects leads to the exclusion
of singleton observations and perfectly separated groups, thereby
reducing the effective sample size used in the estimation. Robust
standard errors clustered at the city level are reported in parenthe-
ses. Firm-level controls include the log of asset and the log of factor
intensity (capital-labor ratio). City-level controls include the log
of per capita city GDP and the log of city population.

First, we examine the impact of minimum wage on innovation, using the cumulative total
number of patents at the firm level. As expected, columns (1) and (2) in Table 3 show that
minimum wage is negatively and significantly associated with firm’s patents. This implies
that an increase in minimum wage decreases patents at the firm level.?” Taking column (2)

26The average time for patents to be granted from the patent office is about 2-3 years in China and the
output of innovation are still subject to delay. Therefore, we use one-year lagged minimum wage as the
explanatory variable. Moreover, if we use the minimum wage in year ¢, the results still hold. In addition,
consistent with Coviello et al. (2022), we use the minimum wage level (measured in 1000 RMB) as the
independent variable.

2TIn reality, when a city raises its minimum wage, the higher wage level may attract an inflow of low-skilled
workers from other regions, even as local labor demand for this group declines. This supply-side adjustment
can dampen the reduction in low-skilled employment, meaning that the observed employment changes in the
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of Table 3 as an example, the estimated coefficient of the minimum wage on firms’ total
patent applications is -0.29. Based on this coefficient, a 10% increase in the minimum wage
(corresponding to 0.07) implies a decrease in firm patents of approximately 2.01%, calculated
as exp(—0.29 x 0.07) — 1.2 Our simulation results in Figure 4c suggest that a 10% increase
in the minimum wage decreases R&D labor by 1.4%. Consequently, the empirical estimate
(2.01%) and the simulation outcome (1.4%) are relatively consistent in magnitude.

Beyond the baseline results for total patents, we also examine the effects on other in-
novation outcomes. Taking column (4) of Table 3, which corresponds to invention patents
with full controls, the estimated coefficient is -0.234. A 10% increase in the minimum wage
(0.07 units) would therefore reduce invention patents by approximately 1.63%, calculated as
exp(—0.234 x 0.07) — 1.

Table 4: Minimum wage on automation

Automation Automation and Robot
(1) (2) (3) (4)

Minimum Wage -0.573*%*F  _0.380%** | -0.57H**F*F  (0.382%**

(0.178) (0.141) (0.181) (0.00028)
Firm-level Controls No Yes No Yes
City-level Controls No Yes No Yes
Firm Fixed Effects Yes Yes Yes Yes
Year Fixed Effects Yes Yes Yes Yes
Observations 138,877 138,877 143,729 143,729
Adj R-Squared 0.754 0.758 0.757 0.761

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. In the PPML estimation
procedure, the absorption of fixed effects leads to the exclusion of sin-
gleton observations and perfectly separated groups, thereby reducing
the effective sample size used in the estimation. Robust standard
errors clustered at the city level are reported in parentheses. Firm-
level controls include the log of asset and the log of factor intensity
(capital-labor ratio). City-level controls include the log of per capita
city GDP and the log of city population.

Second, we estimate the effect of minimum wage on automation. Table 4 reports results
for two distinct outcomes: automation patents and automation and robot patents, each
with and without controls. The coefficients on minimum wage are negative and significant
across all specifications, supporting our theoretical result: when the elasticity of substitution
between low-skilled and high-skilled workers exceeds unity, an increase in the minimum wage
negatively affects automation. For automation patents in column (2) with full controls, the

data are smaller than what would occur under our closed-economy assumption. Consequently, our empirical
results likely provide a conservative estimate of the true causal effect. If low-skilled workers were instead
immobile across regions and this dilution effect from migration were absent, the negative impact of minimum
wages on innovation would be larger.

ZIn our final sample, the average one-year lagged minimum wage is 0.7 thousand yuan (see summary
statistics). Consequently, a 10% increase corresponds to a rise of 0.07 thousand yuan.
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coefficient of -0.380 implies a 10% minimum wage hike lowers automation patent applications
by about 2.63% (e(~0-380x0.07) _ 1) For automation and robot patents in column (4) with full
controls, the coefficient of -0.382 yields an estimated reduction of 2.64% (e(~%-382x0:00) _ 1),
Our simulation results in Figure 4d suggest that a 10% increase in the minimum wage
decreases automation labor by 1.48%. Overall, these magnitudes are broadly consistent
with our simulation results.

5 Conclusion

This study explored the effects of the minimum wage in a Schumpeterian growth model with
automation. We find that raising the minimum wage has an ambiguous impact on innova-
tion and automation, which crucially depends on substitution elasticity between low-skilled
workers and high-skilled workers in the production process. In an economy in which the
two types of workers are gross substitutes (complements), raising the minimum wage would
have a negative (positive) effect on innovation and automation. Therefore, the substitution
elasticity between low-skilled and high-skilled workers is an essential factor that empirical
studies should consider when evaluating the minimum-wage impact on innovation and au-
tomation. We test our theoretical results by estimating the elasticity of substitution between
low-skilled workers and high-skilled workers and the effects of minimum wage on automation
and innovation in China. We find that the substitution elasticity between low-skilled work-
ers and high-skilled workers in China is larger than unity, with consequent adverse effects
of minimum wage hikes on both invention and automation. Therefore, the government may
face challenges when incentivizing innovation while rebalancing the inequalities.

In the US economy, a higher than unitary elasticity also seems likely, as suggested by
recent empirical analyses. Hence, as in our calibration section’s second scenario, the Biden
administration’s proposed increase in the minimum wage would likely replace unskilled with
skilled workers in production. The resulting research laboratories personnel cuts would then
generate less innovation and less automation.
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Appendix A: Proofs

Proof of Lemma 1. Using the no-arbitrage condition » = R — ¢ and the Euler equation
r = gy + p, we can reexpress the equilibrium condition that supports a cycle of automation
and innovation as

1 Z (g, +p+0d
- < = | == 1. Al
z = A ( Y = (A1)
We substitute (5), (6), (11) and (27) into (A1) to derive
1 1\ (oy\ 70
1— y 1—
< (3) () mwerar<n (42)

From capital income Rk = 0y/u, the steady-state capital-output ratio is given by

ko0 0 0
F_0 _ _ , A3
y wR o op(r+6)  plgy+p+9) (A3)

Substituting (A3) into (A2) yields the steady-state equilibrium condition for the automation-
innovation cycle. m

Proof of Lemma 2. From (36), it is easy to verify that there is a positive relationship
between h, and h, if n < 1/2. Moreover, we reexpress (41) as

[(hy) =1(H —hg — h,), (A4)
where 3
_da [8(e—=1) [e]l[(H = hg — h) ] =

e = e = )12t (30 (H—hy—h) = (A5)

Equation (A5) shows that [ is monotonically decreasing (increasing) in h, if e > 1(< 1). We
make use of (42) and (A5) to derive

dh, L [(1 - ﬁ) (H —hg — hr)é ls;l + 06 (H — hg — h,r)} ngth*1 + & (P+ whg)
e (ot oh) {[(1 = 8) (= ha = 1) U 4 BUH = ha = )| (L= ) /o + @}
(A6)
where S
¢ = [(1 _—26) /E] (H — ha — h?“) : ls—sl A7(1+e) + 67 (A?)
(1-0)1% +(B/e)(H—hg—h,) = 1= =
AE(l—ﬁ)lerg(H—ha—hr)ilz%“)[1_(5_1)2]_ (AS)

Equations (A7) and (A8) show & > 0 and A > 0 if ¢ < 2. Therefore, (42) features a
negative relationship between h, and h, if ¢ < 2. Based on (36) and (42), we obtain that
the equilibrium allocation {h,, h,} is unique. From (A5), we know that [ is monotonically
decreasing in h, or increasing in h,. Using this condition and h, = H — h, — h,, we obtain
that the equilibrium allocation {h,,[} is also unique. =
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Proof of Proposition 1. We make use of (36), (38) and h, = H — h, — h, to derive

_dhy () (e-1)(1-5)
ha,l - dl - <@) g(l/hx)l/s 9 (Ag)
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where
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It is helpful to note that we set n < 1/2 and ¢ < 2 so that the steady-state equilibrium
allocation {h,, hg, hs, [} is unique. Equations (A9) and (A10) show that both h, and h, are
increasing (decreasing) in [ if € > 1(< 1). Given this result, it is easy to verify that there
is a negative (positive) relationship between h, and [ if ¢ > 1(< 1). Based on (40), we take
the differentials of [ with respect to v to obtain

1 e=112
i [(1—3)ze +5th]
¢ . (A12)
/y —(14¢)

(1= B)(H+L){ (1= B)IZ + (8/2) hat 17521+ (e — 1) (I/hy) hl]

—~
=A

1

> 0.

o =[0-pnil* ]+(H+Q)

We substitute (A11) into A and then use the sufficient conditions of the unique equilibrium
(i.e., 7 < 1/2 and € < 2) to obtain

1 1 -1 o _ 125
OA = [(1— 5) kil T 4] [f’ﬁph}? e h")Q]HHm) {m% (hT)

[1— (e — 1)?] } > 0.

As a result, (A12) shows that there is a negative relationship between [ and . Given this
result, we make use of (44) to derive that there is a positive relationship between u and ~.
Combining (A12) and (A9)-(A11), we obtain that both h, and h, are decreasing (increasing)
in vy ife > 1(¢ < 1) and h, is increasing (decreasing) in v if ¢ > 1(¢ < 1). Then, we use (48)
to obtain that ¢ is decreasing (increasing) in v if € > 1(e < 1).

Finally, in the steady state, (28) implies § = a/(a + \) = ¢hl/(¢hl + @hl), which
uses a = ¢h!! and A = ph]. It is useful to note that 6 is increasing in h,/h, and that the
equilibrium value of h,/h, is—along the R&D condition (36)—increasing in h, (see footnote
11). As shown above, if ¢ < 1, then an increase in 7 reduces [ and increases h,., implying
that 6 increases. If ¢ > 1, then the effect is reversed. m

32



Appendix B: The capital-accumulation equation
Using (2) and 7, = b; (L — [;), we obtain

dt + kt = ra; + (Rt - 5)kt + ml’tlt —+ U}h,tH — C¢. (Bl)

Given a; = 0,0F + (1 — 6,) v}, we derive a; = 0,0F + v, + (1 — 6,) 0} — v}f,. Substituting (28)
into this condition, we obtain

dt = 9tvf + 'Uf [Oét(l — 9,5) — )\tet] + (1 - Qt) 'Ué — 'Ui [Oét<1 — et) — )\tet] . (B2)
Substituting (B2) and a; = 0,vF + (1 — ;) v} into (B1), we obtain

Htvf + ’Uf [Oét(l - et) — /\tet] + (1 - 915) ’Ui - 'Ui [Oét(l — 0t> - )\tet] + ift (B3)
= 1 [Opof + (1= 0,)vf] + (R — 6)ke + Wialy + wi i H — ¢
Using (18) and (19) yields
]‘ft = —0y (1 — Qt) Uf —+ etﬂ'f + (1 - Ht) 7Tll€ (B4)
—Atvi + Rtkt — (Skt + wl7tlt + wh,tH — C¢.
Moreover, we make use of (13), (17), (30), (31) and (32) to derive

ift =y —c— 0k — oy (1 —6,) Uf - )\tvllg + wp thg + Wl (B5)
Substituting (21) and (23) into (B5), we obtain

iCt =Y — Ct — 5kt (BG)
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Appendix C: Data and Tables

Data Description

This paper employs four sets of data: (1) annual firm-level manufacturing survey data (An-
nual Survey of Industrial Firms, ASIF) from the National Bureau of Statistics of China
(NBSC),?? (2) firm-level patent applications from China National Intellectual Property Ad-
ministration (CNIPA), (3) city-level minimum wage and economic data, and (4) firm-level
data on Chinese listed manufacturing firms.

The firm-level manufacturing survey provides us with both the basic firm information
(e.g., firm name, address, employment, gross output and value added, etc.) and the com-
plete information on the three major accounting statements (i.e., balance sheets, profit and
loss accounts, and cash flow statements). Due to the misreporting problem, we follow Cai
and Liu (2009) and the General Accepted Accounting Principles to delete the problematic
observations.*’

The second dataset is the patent data from CNIPA, which includes information on each
patent in China since 1985. From this dataset, we can obtain detailed information of the
applicant’s name, address, patent name, and the patent category. We merge the above two
firm-level datasets by firms’ name. In the empirical analysis, we use the cumulative total
number of patent applications or the cumulative number of invention patent applications
as a proxy for firm-level innovation and use the cumulative number of automation-related
patent applications as a proxy for firm-level automation invention.

The third dataset is the minimum wage and economic data at the city level. We manually
collect the Chinese city-level minimum-wage data from the official websites of the local
governments, given there is no uniform data source for the minimum wage data. Other
city-level economic data, such as GDP per capita and population size, are obtained from
the China City Statistical Yearbook (CCSY). Based on firms’ address information, we then
further match the above firm-level data with a city’s minimum wage and economic data.

Finally, the final dataset consists of firm-level data for Chinese manufacturing firms listed
on the A-share stock market from 2000 to 2013. We retain only manufacturing firms and
construct a panel dataset. This dataset includes firm-level information on employee charac-
teristics, such as the number of employees by education level and employee compensation.
Furthermore, we merge the data with city-level minimum wage information based on the
location of each firm, allowing us to compute the wage levels for the two types of workers
within each firm.

29This dataset includes all state-owned industrial enterprises and non-state-owned firms with annual sales
above 5 million RMB—the so-called “above-scale” industrial firms. To address concerns that our results
may be driven by size-related heterogeneity, we follow Cai and Liu (2009) and restrict our sample to firms
with sales exceeding 10 million RMB, which enhances data quality and reliability. As a result, our analysis is
confined to relatively large and established manufacturing firms. While size variation certainly exists within
this group, the lower bound on sales implies that the dispersion in firm size is less extreme than it would be
in an unrestricted sample of all firms. Consequently, the potential for size-driven heterogeneity to drive our
results is attenuated. In addition, we acknowledge that our estimates are internally valid for the above-scale
Chinese manufacturing firms and point out that extrapolating to smaller enterprises should be done with
caution.

30See Brandt, Van Viesebroeck, and Zhang (2012) for more details of processing the mis-reportings.
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Other Tables

Table C1 provides the estimated elasticity of substitution. Table C2 lists the data sources
of the key variables in the main regressions in Section 4.

Table C1: The estimated elasticity of substitution for listed manufacturing firms

(1) (2) (3)
In(h/l) -0.286**F*  _0.284***  _(0.393%**
(0.015) (0.015) (0.023)
Year Fixed Effects No Yes Yes
Firm Fixed Effects No No Yes
Observations 7246 7246 7246
Adj R-Squared 0.251 0.268 0.762

Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Robust
standard errors clustered at the city level are reported
in parentheses.

Table C2: Data sources of the key variables

(1)

(2)

Variables Definition Data source

All Patents Cumulative number of total patents CNIPA
Invention Cumulative number of invention patents CNIPA
Automation Cumulative number of automation patents CNIPA
Automation and Robot | Cumulative number of automation and robot patents CNIPA
Minimum Wage Monthly minimum wage (in 1,000 RMB) at city level Local government websites
GDP per capita The log of GDP per capita at city level CCSY
Population The log of population at city level CCSY

Asset The log of firm asset NBSC
Capital/Labor The log of factor intensity (Capital/Labor) NBSC
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